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Preface

September 2020 marked the fifth anniversary of the International “Sustainable 
Ecological Engineering Design for Society” (SEEDS) Conference, which was held 
in Leeds and brought together researchers from across the world to exchange ideas 
about our common problems and the challenges our planet faces.

The fifth SEEDS conference was the first conference we had to hold virtually 
given the terrible COVID-19 pandemic that our planet was going through. The chal-
lenges faced by various societies in dealing with the pandemic also highlighted the 
importance of our collective efforts to work towards UN’s “Sustainable Development 
Goals” (SDG) which significantly include health and education.

Our fifth SEEDS conference is appropriately covering themes around “Social 
Values and Sustainability”, “Education and Sustainability”, “Health Safety and 
Well-being”, and “Smart Digital Innovation”. The selected proceedings before you 
also cover other important issues around “Programme Management, Project 
Management and Supply Chain”, “Building Comfort, Performance and Energy”, 
“Retrofit for Energy Efficiency and Comfort”, “Sustainable Practice”, and 
“Sustainable Transport”.

Three weeks after our first SEEDS conference, in September 2015, world lead-
ers, from 150 different countries, attended the “UN Sustainable Development 
Summit” in New York to discuss the challenges facing our planet and the fast disap-
pearing natural resources. The Conference set a vision for 2025–2030 to develop a 
“plan of action for people, planet and prosperity”.

It is important to observe that since the 2015 conference we have been through 
serious challenges and setbacks which include some world leaders denying that 
there is an environmental emergency and undoing years of works to address the 
significant challenges our planet faces. We started 2021 with fresh hopes that there 
might be a possibility of more of united approach by key world players in tackling 
our climate emergency, thanks to the collective consciousness of people around the 
world and the weight of public opinion balanced against the importance of “profit” 
and greed.

We, in the SEEDS community, strongly believe that through research and proven 
practice, we should foster ideas on how to tackle the serious challenges we all face 
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and aim to reduce negative impacts on the environment while providing for the 
health and well-being of society. Professions and fields of research required to 
ensure buildings meet user demands and provide healthy enclosures are many and 
diverse.

We hope that SEEDS 2020 selected proceedings provide a platform for inter-
ested policy makers, researchers, practitioners, and educators to discuss the recog-
nised and important problems affecting sustainable built environment.

Suffolk, UK Mohammad Dastbaz  
Leeds, UK  Christopher Gorse   
April 2021

Preface
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Chapter 1
The Problems of Achieving Social 
Sustainability: A Cultural Shift

John Sturges and Christopher Gorse

1.1  Introduction

The importance of social sustainability has been emphasised in the 2019 SEEDS 
conference (Sturges, 2019). The only truly sustainable societies are those that have 
achieved social sustainability, whereby every member of the society subscribes to 
the way that it is organised. At the time when our thoughts on this paper com-
menced  Autumn, 2019, the Extinction Rebellion protests were in progress in 
Europe, the USA and other various parts of the world (BBC, 2019). These protests 
were and continue to be based on the idea of directly influencing governments to 
take action on the current environmental crisis, particularly climate change. The 
premise of the protests would bring about media coverage, evoke public support and 
persuade governments and communities to adopt sustainability. Most movements, 
including appeals by icons, such as David Attenborough and Greta Thunberg, 
address those in leading position to change but also engage through public address 
whole communities. For such messages to resonate and result in action, all ages, 
sectors communities and counties will need to commit, a cultural shift is required.

Diamond (2006) has described how some societies that have been sustainable 
have achieved social sustainability usually by bottom-up approaches and in one 
case by a top-down approach (Tokugawa Japan). These societies were physically 
cut off from the rest of the world, or in the case of Japan, they were cut off by an 
edict of the ruling Shogun. However, the twenty-first century world is a globalised 
world, whereby all societies are linked by trade, transport and communication sys-
tems of various kinds. The links between our nations and international connected-
ness are being emphasised by the outbreak and global spread of the Corona 19 virus. 
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Within 3 months of the virus being detected, it was considered a pandemic by the 
World Health Organization (Liu, et  al., 2020; WHO, 2021). The international 
response to the pandemic may lead many to think that an international change to 
social sustainability is achievable in the face of the existential threat of cli-
mate change.

However, economies of the developed countries present the greatest influence on 
globalisation, and our international connectedness currently fails to offer the degree 
of social cohesion required to respond to sustainability crisis. Indeed, when address-
ing future sustainability, most policies give priority to economic sustainability 
before environmental sustainability and with little consideration for social sustain-
ability (Toli & Murtagh, 2020). For the climate emergency to be acted on with suf-
ficient haste commerce, governments and communities must act together or the 
impact will be felt.

The tipping point for climate change is rapidly approaching, and the loss of 
diversity in the ecosystem is so critical that humans will be witness to irreversible 
change in the next decade (Attenborough & Hughes, 2020). The recently reported 
loss of 219 billion tonnes of ice per year and sea levels rising considerably faster 
than previously predicted are set to displace millions of people, and, with the loss of 
the ice’s cooling effect, a further acceleration to global warming is anticipated 
(Selley et al., 2021; Shepherd et al., 2020).

Environmentalist are increasing the pressure on governments, but so too are 
those industries likely to be adversely affected by the sustainability agenda and 
those changes proposed under the Sustainable Development Goals.

Governments usually wish to maintain the impression that they can solve all or 
most of society’s problems, and so ‘Extinction Rebellion’ aims their protests at 
governments and also at The United Nations Assembly in New York. Unfortunately, 
they are not the only ones seeking to influence governments. The worlds of industry 
and big business also seek government influence via lobbying and via substantial 
contributions to political parties and campaign funds. Over the past 40 years or so, 
the number of lobbyists in Washington, USA, has increased by a factor of 10, and 
the money spent on lobbying has increased from millions to billions of dollars. 
Clearly this money is not donated altruistically, and the lobbyists are not in 
Washington for the ‘high life’. Considerable efforts also go into producing mislead-
ing information about certain products where the producers have an interest in 
maintaining or increasing sale levels (Monbiot, 2007). Notable past examples 
include the lobbies for tobacco and for the production and use of chlorofluorocar-
bons (CFCs) as refrigerants.

Extinction Rebellion is a group of open, highly visible influencers, whereas the 
lobbyists operate covertly. Everyone is aware of Extinction Rebellion, whereas the 
lobbyists prefer to remain unseen. Money and campaign contributions are powerful 
influences, and while street protests have some effect, it appears to be limited to 
eliciting sympathetic utterances by some government officials. Extinction Rebellion 
has staged demonstrations in various capitals including London and at the United 
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Nations in New York. Are they making their case to the right people? Are there oth-
ers who need to hear the message? If progress is to be achieved at the necessary 
scale and speed, then everyone needs to be involved. What are the barriers to getting 
the message and its urgency to everyone to get them on side?

1.2  Problems of Social Sustainability

The foregoing account illustrates both sides of the problem. On the one hand, expe-
rience teaches us that sustainability can only be achieved when everyone in society 
subscribes to its achievement. This means that everyone realises that sustainability 
is the only way forward long term and is willing to accept the various limitations 
that are imposed by it. On the other hand, an industrialised form of consumer capi-
talism is now widely perceived as the only way forward, even in what are or were 
communist regimes, China being a notable example. Furthermore, the West is wed-
ded to democratic systems of the government, where representatives are usually 
elected by a simple majority vote. In some peoples’ minds, this is the ‘only’ way to 
do things. People living under autocratic regimes often express an understandable 
longing for democratic government. However, democracy does have limitations. If 
we look again at those societies that achieved sustainability, none of them had a 
formal system of democratic government as we understand it. The bottom-up soci-
eties in Tikopia, Ladakh and New Guinea operated by consensus, and the top-down 
society in Japan followed the edicts of the Shogun, trusting him to make wise deci-
sions in the interests of the common good of his people. For two and a half centu-
ries, this system worked, and it only broke down under intense pressures, initially 
from outside Japan. These pressures eventually took root among part of the Japanese 
population who began to urge changes, so eventually the Shogun returned to the 
Emperor the power to rule in the 1868 Meiji Restoration. The requisite situation for 
sustainability had been lost once Japanese society became divided, showing once 
again how important social sustainability really is.

However, the problem goes deeper than this. The western world is wedded to 
notions of personal liberty and the assertion of individual rights with little or no 
limitations on an individual’s choices. Politicians rarely mention individual respon-
sibilities, a notable exception being John Kennedy’s inaugural address in 1961, 
where he famously said: ‘ask not what your country can do for you, ask rather what 
you can do for your country’. Europe, America and the western world hold to 
democracy and to the ideals of individual liberty, and while China does not, they 
both pursue consumer capitalism.

Two current news items illustrate the problems we face. Sales of electric cars are 
beginning to increase, but at the same time sales of less economical SUV types are 
increasing, and many car manufacturers say the production of SUV types amount to 
40% of their output. Even the top-end luxury car makers such as Rolls Royce, 
Bentley and Aston Martin now market SUV models as part of their ranges. 
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Consumption of plastics by supermarkets has increased because consumers treat the 
heavier plastic bags for which they are charged in the same way that they treated the 
‘free’ ones. If supermarkets were serious about this problem, the price of a plastic 
reusable bag would reflect its environmental cost if wasted. This would make plastic 
reusable bags relatively expensive and may induce consumers to change their 
behaviour, reusing rather than disposing of the bags.

The UK is increasingly experiencing problems with heavier rainfall and flood-
ing, impacting heavily on communities across the country. Yet in towns and cities, 
people continue to pave over their gardens to make parking space for their ever- 
larger and more numerous vehicles. Hundreds of hectares of rain-absorbent land 
have been covered over in this way in the past two decades. The same amount of 
rainfall occurs but run-off is increased. This flooding may in large part be ascribed 
to climate change, since warm air holds more water vapour than cold air. Despite 
this fact, many people are willing to ascribe increased rainfall to ‘freak weather’ 
conditions. Why is this so?

Turning again to our western notions of democracy, people view it through ‘rose- 
tinted’ glasses. People are given a vote at election time and vote for their MP in the 
UK or their Congressman or Senator in the USA. However, in between elections, 
they can write to their MP over any matters of concern, and most MPs do a good job 
of representing their constituents. In between elections, individual MPs can exert 
some influence on their behalf. This is not the only influence brought to bear on 
governments in the UK or in the USA. The ease with which senior figures move 
between the private and public sectors is an indication of close relationships that 
exist between the private sector, big business and government. Reference has 
already been made to the number of lobbyists in Washington and to the sums of 
money expended on influence.

The ideals of western democracy – life, liberty and the pursuit of happiness – 
have been given, perhaps most memorably, by some former US presidents, espe-
cially Jefferson, Lincoln and Kennedy. Words of high-flown rhetoric that they 
uttered are remembered by people all over the world. In his Gettysburg address, 
President Lincoln paid tribute to those who had given their lives in the cause of the 
Union. The civil war had another 2 years to run, but he encouraged his listeners to 
honour the dead by re-dedicating themselves to the task of preserving the Union, 
with its ideals of equality and freedom. He concluded the last sentence of his address 
with the following words: ‘and that the government of the people, by the people, for 
the people shall not perish from the earth’.

The words for the people, by the people imply that a truly democratic form of 
government is the future for the USA after the war and henceforth. No reference is 
made to very large campaign donations or support for political parties now made. 
President Lincoln will not have foreseen how his country’s government would 
evolve in the twentieth century. The industrial and ‘big business’ sector had not 
developed into the major centre of power that it now is. President Eisenhower’s 
farewell speech was also memorable for his warning about the power of ‘the mili-
tary industrial complex’. In the USA, since the closing of World War II, the military 
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has also become a huge centre of power, with the huge industry sectors of aero-
space, electronics, weapons, etc. now closely involved in Washington. The need for 
a highly educated population to staff expanding government and industry has led to 
the growth in importance and size of academia in America, Europe and beyond. 
Another group with influence that cannot be ignored is ‘the media’, the press, the 
broadcasters and the internet.

In many fields of human society, what is apparent is not always the complete 
picture. Business organizations have management structures, but sometimes the 
person with the most influence is not the one in the top seat. American management 
theorists saw the mismatch between the formal organization chart and called this 
‘the informal management structure’. Big business exerts influence not only by 
financial contributions but also by issuing ‘spoiling publicity’ designed to mislead, 
as referred to above (Monbiot, 2007). When so much power and influence is in such 
a small number of hands, how easy is it to operate in a truly democratic way? People 
eagerly accept and take up all the latest products put out by the industrial economy, 
but they never ask about the price. ‘I can order it on-line’, ‘I can have it delivered to 
the office’, ‘I can get my hands on it tomorrow’, etc. No paperwork, no trips to the 
shops and so on. Some complain about the vast sums of money made by the entre-
preneurs who market these things. These superrich people dispose of greater wealth 
than some of the poorest nations of the world. If California was an independent 
country, it would be among the ten richest nations on Earth, and yet there are thou-
sands of homeless people in Los Angeles. Such social inequality is the mark of a 
nonsustainable form of society.

The streets in towns and cities are full of white delivery vans, and the townscape 
now consists of fast-food outlets, betting shops, estate agents, charity shops, etc. 
This is part of the visible price. The invisible price is the coming into being of huge 
data centres to serve the ever-expanding internet. Each centre is filled with file serv-
ers and consumes as much power as a city the size of large UK cities. Is it to be 
wondered at that the CO2 emissions continue to climb? In the meantime, everything 
is gradually being connected to the internet – the ‘internet of things’. If these trends 
continue, a future power outage could bring civilisation to a halt.

It is interesting to note that, as lockdown measures were taken and movement 
restrictions introduced to reduce the Corona 19 virus transmissions, global daily 
energy use drastically changed (Le Quere et al., 2020; Liu et al., 2020) and emis-
sions from personal travel and pollution in the major cities fell (Gorse & Scott, 
2021). However, this was countered by domestic energy and media use as home- 
based activities increased the internet’s carbon footprint (Obringer et al., 2021). We 
need to recognise and be responsible for our actions.

Social sustainability requires everyone in society to share the ideals and to work 
together to achieve them. We now have a good understanding of how we have 
brought the world to its present unsustainable (as far as human existence is con-
cerned) state. We have ‘globalised’ the problems, but we have not globalised this 
knowledge, and we have certainly given no thought as to how we might globalise 
any solutions that we may devise.

1 The Problems of Achieving Social Sustainability: A Cultural Shift



8

This discussion has shown that when considering political influence, it is not a 
duopoly of government and people (electorate) but that other centres of power have 
emerged in the modern world. These are the industry sectors including manufactur-
ing, services and agriculture, the military and academia. The media play an impor-
tant role in providing information transmission between the centres of power. 
Millions of people switch on TV for the news every day from CNN, BBC, etc., and 
the content of the broadcast depends on the news editors. The news that we receive 
is what the broadcast editor deems to be most newsworthy, not always what is really 
news or all that has occurred.

The way that societies have developed in Europe, America and the wider world 
illustrates how we have moved away from social sustainability and raised the barri-
ers to its achievement. The largest international industrial organizations have grown 
to the point where their size and power rivals or even exceeds that of many national 
governments.

1.3  Likely Barriers to Achieving Social Sustainability

The foregoing sections have attempted to set out the scale of the problems we face. 
We live in a ‘globalised’ world, i.e. a world where the same social forces are at work 
in many parts of the world, a world with a population of over 7.5 billion. One hun-
dred years ago, people in remote parts of Indonesia lived in complete ignorance of 
conditions in Europe or America. Because of the internet and the ubiquity of the 
mobile phone, this is no longer the case, and this has undoubtedly helped to drive 
the great migration crisis being felt in many places throughout the world today.

One hundred years ago, there were societies living in some remote parts of the 
world that lived sustainably (Diamond, 2006; Norberg-Hodge, 2000). These societ-
ies lived apparently happy lives but without the physical trappings of the modern 
world. Furthermore, they had stable population numbers, because everyone in them 
knew that there was an upper limit to how much food they could produce and that 
their existence and survival depended upon not generating too many mouths to feed. 
Interestingly, when they did begin to interact with and to absorb western ways, they 
began to consume more energy and to produce more children. A population explo-
sion inevitably followed the adoption of western ways. In the west, we recognise 
population pressure as a big factor in bringing about adverse effects in our world, 
but we do not recognise that our adoption of consumer capitalism has driven the 
population explosion that is now seen as a problem.

The achievement of sustainability must be an objective shared by everyone, or it 
will not be attainable. We have seen that, besides the government and the people, 
other centres of power have emerged in our highly developed societies. These cen-
tres of power are interconnected via the media, but there is not complete transpar-
ency, which is yet another difficulty.

J. Sturges and C. Gorse
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1.4  The Importance of Social Sustainability

We are led to believe that social sustainability occurs when relationships come 
together to sustain an ecosystem generating the capacity to support healthy com-
munities now and for future generations (Barron & Gunlett, 2002). At its simplest 
form, social sustainability is the relational effort to ensure the health and wellbeing 
of people now and in the future. Although often identified as one of the three pillars 
of sustainability, within the field of sustainability, the ‘social’ element receives least 
attention (Spangenberg, 2006; McKenzie, 2004, p. 14) and is largely overlooked in 
debates and political discourse (Woodcraft, 2015). The concept of social sustain-
ability is diverse, possibly the most difficult to measure, and receives less political 
attention when compared with economic and environmental sustainability (Toli & 
Murtagh, 2020). Notwithstanding this imposition, respect for our fellow citizens 
and their wellbeing does exist. The recent COVID-19 pandemic demonstrates the 
scale of action nations are prepared to make but also exposes the challenges of intro-
ducing consistent measure across a nation’s action. While restrictions were found to 
be effective in reducing transmission, measure taken and response rates varied as 
countries attempted to balance social and economic impact (Alfano & Ercolano, 
2020; IMF, 2021). However, as the reality of the pandemic was made evident, 
country- wide measures were introduced to protect the public, and with each national 
restriction, a sharp economic decline was experienced (IMF, 2021).

The pandemic has demonstrated that nations are prepared to take action neces-
sary to protect their fellow citizens. Notwithstanding the action taken across the 
globe, the social unrest and resistance experienced in some countries show just how 
difficult it is to change social and cultural behaviour as economies suffer. The pro-
jection of climate change having a devastating impact on the wellbeing of fellow 
citizens ‘in years to come’ appears insufficiently imminent for a consistent response 
at this moment in time. Unfortunately, our anthropogenic actions are having a dev-
astating impact on the ecosystem and ultimately the niche climate conditions upon 
which humans rely to exist (Xu et al., 2020). Social sustainability and our ability to 
protect humans and other species now have to become a central tenet to reduce the 
impact of climate change and ensure human survival.

Humans clearly evolved and outdid most other living animals as a result of their 
ability to communicate and work together. As humans, we are recognised as the life 
form that has exploited the ability to work together. Human relationship skills have 
been used to build resource, sustain health and wellbeing and protect ourselves and 
offspring from threats. While in the past humans have done this extremely success-
fully, recent events may raise questions about our ability to perform social sustain-
ability at a global scale.

One of the key questions raised is can social sustainability exist within the com-
mercial world? Allmahmound and Doloi (2015) argue that sustainability outcomes 
are best achieved when taking account the satisfaction of stakeholders. Within the 
global context, the stakeholder perspective seems short-sighted. However, the aim 
is to enhance the importance of the social context and overall benefits. There is an 
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argument that as we continue to develop economically and indeed sustainably, we 
neglect the life—the social dimension within the context of sustainability has been 
treated with apprehension (Hill & Bowen, 1997; Edum-Fotwe & Price, 2009).

While Ducker would have us believe that ‘culture eats strategy for breakfast’, we 
have yet to experience the cultural change that can engender social sustainability.

1.5  Concluding Remarks

One proposed solution to the climate crisis was that of geoengineering the planet 
(Royal Society, 2009). The Stockholm Resilience Centre Report and the Royal 
Society’s geoengineering report were both published in 2009, and a decade has 
since elapsed without international concerted action. This clearly illustrates the lack 
of united political will to agree a common policy. This is frustrating, because we 
understand the essence of the problem and we have many technical solutions to 
hand, and while nothing on the right scale is done, the problem becomes more 
urgently in need of solution. Unfortunately, it remains true that until everyone sees 
the lack of sustainable operation as an existential threat, many people will disregard 
it as mere background noise. At all levels of society worldwide, people are focused 
on the need for economic growth. Those societies that were sustainable knew very 
clearly that they faced an existential threat if they did not maintain a stable popula-
tion, and every member of these societies was well aware of this fact. The challenge 
we face today is that of presenting the information to everyone in a way that puts 
emphasis on the fact that we face an existential threat.

A recent genre of book has come into being dealing with ‘sustainable compa-
nies’, of which the one by Laszlo (2003) is an early example. The book contains 
some very interesting case studies of companies that have made great efforts to 
reduce their environmental impacts while remaining profitable enterprises. Laszlo 
rightly differentiates between ‘shareholder value’ and ‘stakeholder value’, and he 
highlights various methodologies for getting company workforces onside in the 
quest for improved company performance—in other words, how to achieve social 
sustainability within the company. The book is written with a deep knowledge of 
American management theory but with no knowledge of the physical and biological 
sciences that underpin how our planet functions. Furthermore, the author mistakes 
environmental impact mitigation for sustainability, and sustainability is much more 
than environmental protection. Without an appreciation of system thermodynamics 
and evolutionary biology, authors are writing blind to the problem. To gain an 
understanding of the problems that we face requires a good deal of effort and a 
degree of scientific knowledge that many do not possess. Many people are familiar 
with the first law of thermodynamics, but very few understand the second law and 
especially its implications, and this despite that fact that the consequences of ignor-
ing the second law are all around us. It is true that thermodynamics is a recondite 
subject, but that does not diminish its importance. Later works in this same genre of 
management and sustainability (e.g. Zokaei et  al., 2013) show that management 
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thinkers still do not understand the ramifications of system thermodynamics. They 
still assume that impact mitigation is the same thing as sustainability, and like 
Laszlo (2003), they offer yet more interesting case studies and more well-thought- 
out methods for promoting social sustainability within organisations. However, the 
whole of society must be engaged, and these authors have nothing to say about this.

A point made by another author, Speth (2008), is that we face ‘apathy, ignorance 
and greed’, and not just CO2 emissions, global warming, biodiversity loss, etc. This 
is not universally true, but it certainly is true for large sections of society. Most 
people are too focused on the problems of their day-to-day existence to become 
concerned about a problem that they think belongs to someone else. To gain some 
understanding of the present state of our world takes considerable effort, but most 
people want to carry on as normal and adopt a head-in-the-sand approach to the 
unmistakable and mounting evidence of the reality of global warming and its effects. 
It is difficult to avoid the conclusion that the world is so committed to the status quo 
and business as usual that governments national and local, industry, academia, the 
media, etc. are not prepared to begin thinking seriously about confronting the 
changes that need to be made.

All the strategies discussed, apart from an immediate cessation of fossil fuel 
burning, will take time to be developed to an effective level. This is time that we do 
not have.
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Chapter 2
A Hammer Only Sees Nails: Why 
Construction Contractors Monetise Social 
Value

Greg Watts and Anthony Higham

2.1  Introduction

Construction is a significant industry for the UK economy and represents approxi-
mately 9% of economic output (BEIS, 2018). The public sector represents around 
26% of this workload and offers a degree of certainty in uncertain economic times. 
For any construction contractor wanting to secure public sector projects, the Social 
Value Act (2012) is now used throughout public procurement. The Act can be 
described as the step forward on the organisational CSR journey that reappeared in 
the 1950s. This places obligations on private sector companies to adopt socially 
responsible practices and participate in activities that increase social value. Through 
placing a legal obligation on the public sector, the Social Value Act formalised and 
legitimised the use of social value as a procurement criterion to match that of cost, 
time and quality; contracts would no longer be let on a lowest upfront cost basis. 
This places a requirement on construction contractors to measure and communicate 
their social value in order to be successful in public sector procurement.

As social value is arguably a subjective concept, measurement and communica-
tion could prove difficult. To circumvent any potential problems that may arise 
because of this subjectivity, contractors adopt objective measurement methods. 
Why contractors engage with SV measurement has been explored, but how this 
engagement occurs, and the ramifications of any measurement practices adopted, is 
yet to be fully understood. Through interviews with ten leading UK construction 
contractors, this paper seeks to address this gap in current knowledge.
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2.2  From CSR to SV

Amongst the plethora of definitions published, the ‘CSR pyramid’ first proposed by 
Carroll in 1979, then further developed in 1991, has served as somewhat of a semi-
nal base for CSR research with its wide-ranging encompassing approach to the 
subject. Carroll (1991) argues that a company’s CSR journey starts with their eco-
nomic responsibilities and then moves to their legal responsibilities and then ethical 
responsibilities before finally arriving (at the top of the pyramid) at philanthropic 
responsibility. This approach to defining CSR served as an all-encompassing 
umbrella concept under which numerous interpretations and approaches exist 
(Barthorpe, 2010).

The book Social Responsibilities of the Businessman by Bowen (1953) is cred-
ited with bringing to the forefront of modern business actions the age-old concept 
of general goodwill by those with the ability to make a positive difference. In the 
book, it is wealthy business owners who are challenged to increase their social 
responsibility due to increasing post-war prosperity (Bowen, 1953). The concept 
then grew throughout the 1960s and 1970s with the advent of social movements and 
the increased realisation that business behaviour could be shaped by stakeholder 
mobilisation (Carroll, 1999). This journey then took CSR and wider business 
responsibility through an evolution of sorts from social responsibility to more envi-
ronmentally focussed strategies. Perhaps fuel for those who link business intentions 
with only superficial action to illustrate their responsibility for work winning pur-
poses, a decline of CSR activity was witnessed in the 1980s which has been linked 
to the economic issues of the time. However, in defence of business, it can be argued 
that without economic certainty a company may not be able to operate in the long 
term let alone commit resources to socially responsible actions where they are not 
directly linked to business operations. This perhaps adds further credibility to the 
CSR pyramid definition proposed by Carroll (1991) as CSR is a philanthropic busi-
ness priority only after economic, legal and ethical targets have been achieved. The 
prosperous 1990s brought a return of CSR to the forefront of business activity but 
with a continued evolution of understanding and expectation. As business wealth 
and stakeholder involvement and demands increased over the millennium and into 
the last decade the focus of organisational CSR expanded (or perhaps arguably went 
full circle) to include all manner of social, economic and environmental factors that 
business may be directly or indirectly involved in, or may be completely separate 
but judged of such societal importance, there is an expectation upon all businesses 
to play their part. A recent industrially focussed global business survey confirms 
that CSR is now embraced by the majority of large-scale organisations as a central 
part of their business identity (KPMG, 2017). Whilst the motivations of the compa-
nies involved were not explored in great detail, it can be argued that their increasing 
adoption of socially responsible practices, in the UK at least, can be in part attrib-
uted to legislation increasing socially focussed criterion in public sector procure-
ment practices.

G. Watts and A. Higham



15

One example of such legislation is The Public Services (Social Value) Act (2012) 
(SVA). The SVA governs public body procurement behaviour by legitimising the 
use of criterion in procurement other than purely financial (Watts et al., 2019a). The 
SVA allows public bodies to take additional social value achieved (as put forward 
by the tenderer) into consideration when awarding contracts so that the successful 
contractor is not necessarily the one who put forward the lowest immediate cost 
(Loosemore & Higgon, 2016).

2.3  The Construction Industry

The construction industry includes the design, construction, maintenance and 
demolition of built assets, engineering and infrastructure works. According to a UK 
Government briefing document in 2018, the construction industry contributed £117 
billion to the UK economy, some 6% of the total, and is responsible for over 2.4 
million jobs across 343,000 different businesses (Rhodes, 2019). Construction 
therefore has a significant impact upon the UK economic output. The public sector 
accounts for approximately 26% of UK construction work, and historic economic 
data has shown that public sector workload remains fairly buoyant during times of 
economic uncertainty (Rhodes, 2015).

This could help explain why contractors engage with the public sector despite 
the additional requirements imposed by the SVA. Management philanthropic values 
and succumbing to the pressures imposed by wider stakeholder expectations cannot 
be underestimated as drivers of social value behaviour. Nevertheless, the SVA plays 
a key role in imposing social value requirements upon contractors who engage with 
public sector work. The introduction of the SVA therefore ultimately placed an obli-
gation on any company wanting to win public sector work to be able to effectively 
measure and communicate their social value (Watson et al., 2016).

2.4  Measuring Social Value: The Battle Between Subjectivity 
and Objectivity

In order to successfully communicate such SV, an agreement must be reached on a 
definition, at a minimum between the company and client but also ideally between 
a wide cohort of stakeholders (Watts et al., 2019a). However, with no widely agreed 
definition between multiple stakeholders who each hold potentially unique interpre-
tations, accurate measurement and clear communication are difficult to achieve 
(Loosemore & Higgon, 2016). Attempts to effectively communicate with wider 
cohorts simultaneously are arguably the problem at the heart of the CSR and SV 
debates, in that these concepts mean different things to different people (Watts et al., 
2019a). Approaches can be categorised as objective or subjective. Objective is 
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where a fact-based natural science approach is adopted that implies a phenomenon 
has an existence independent of social actors (Robson & McCartan, 2017). 
Subjective is where meanings are socially constructed and therefore subject to 
change (Bryman, 2016). Objective attempts to define CSR and SV are adopted by 
some parties but have ultimately led to competing and often conflicting definitions 
proposed that serve to further exacerbate attempts to reach a consensus amongst 
stakeholders (Zhao et  al., 2012). Subjective attempts to define CSR allow each 
stakeholder when faced with the same communication to arrive at their own inter-
pretation (Griffith, 2011). However, one problem that exists with such subjectivity 
is that it is open to potential abuse by some companies who mask their failure to 
effectively engage with CSR and SV with ambiguous and opaque terminology 
(Watts et  al., 2019b). Whilst numerous different methods of measuring SV exist 
(Wood & Leighton, 2010; Higham et al., 2018), many that are currently adopted by 
construction contractors objectively quantify SV so that it can be easily communi-
cated as part of tender returns. Indeed, it has been argued that social value has objec-
tive requirements in the need to be measured, communicated and widely understood 
(Loosemore & Higgon, 2016)—a perspective that has been largely perpetuated on 
the view that social value is delivered through “investments that intentionally target 
specific social objectives along with a financial return and measure the achievement 
of both” (Social Impact Investment Taskforce, 2014, p. 1).

Literature is dominated by an array of tools, metrics, frameworks and models 
that have been developed with the sole aim of predicting and measuring social value 
attainment. Proponents of these techniques such as Ding (2008), Carter and Fortune 
(2007), Rees (2009) and Higham et al. (2018) argue that such evaluation frame-
works provide fundamental building blocks for comprehensive change, by provid-
ing practical, transparent and simple to understand criteria to which the industry can 
respond in manageable steps, thereby empowering construction professionals to 
think about sustainability in an experiential way, with the safety net of expert guid-
ance, checks and balances (Schweber, 2013). Yet Haapio and Viitaniemi (2008), 
Ding (2008) and more recently Higham et al. (2018) have questioned the validity of 
monetising sustainability, a theoretical construct far removed from the operation of 
the market mechanism. At the core of their objection is the assertion that monetary 
units are likely to limit the validity of any sustainability evaluation produced.

The most contentious issue in the adoption of such objective frameworks is the 
quantification and monetisation of intangible social outcomes using financial prox-
ies (Arudson et al., 2013; Krley et al., 2013) which can lead analysts to take some 
extremely imaginative and adventurous pathways when appraising social return 
(Krley et al., 2013) or lead contractors to apply retrospective social value justifica-
tions to achieve client requirements (Russel, 2013). Yet it is this objective need to 
quantify such a subjective concept that perpetuates the tension at the heart of SV 
debates. Contractors need to measure and communicate the subjectivity of SV and 
arguably choose an objective, monetary-derived method by which to do this. 
Although this decision in itself is presumed yet not explored in any great detail in 
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the literature, the ramifications of this process are also not fully understood. This 
paper seeks to explore how and why contractors engage with SV and understand 
any impact objectively measuring and communicating SV has on the concept’s 
subjectivity.

2.5  Research Methodology

Ontology is questioning the nature of reality and consists of two dominant ontologi-
cal positions: objectivism and constructivism (Bryman, 2016). As objectivism 
derives from the fact-based natural sciences, in the case of social value, this approach 
is ultimately of a positivist epistemological position and therefore requires to be 
expressed through quantitative data, i.e. many of the measurement tools currently 
used in the construction industry. Constructivism refers to a belief that meanings are 
socially constructed and agreed, and epistemologically is of an interpretivist posi-
tion. This is where meanings are subjective and so best expressed through qualita-
tive data. Social value measurements ultimately find qualitative data difficult to 
quantify and so tend towards a quantitative approach.

The packaging of social value as quantitative data driven from an objectivist 
standpoint by many social value measurement tools adopted in the UK construction 
industry continues to dominate practice. This paper, however, subscribes to the 
argument that social value is best understood from a constructivist viewpoint. 
Indeed, it is through this approach that the views, perceptions, actions and motiva-
tions of construction contractors can be best understood (Cresswell, 2013). 
Therefore, qualitative data was gained from semi-structured interviews due to their 
ability to explore a depth of participant understanding and allowed topics to be built 
upon and interesting avenues that arose during the course of the interview to be 
pursued further (Byrne, 2012).

Ten semi-structured interviews were conducted with individuals involved in 
work winning from ten different UK construction contractors. The websites of the 
top 20 construction contractors by turnover in 2019 were viewed, and introductory 
emails were sent to individuals identified online as being appropriate to the research. 
Ten positive responses were received. This included three procurement and work 
winning directors, four bid managers and three senior estimators. The interviews 
were then conducted over the phone lasting between 45 and 90 min. All interviews 
were recorded and then transcribed, and a process of narrative analysis was con-
ducted. Narrative analysis involves data in the form of stories. It is the process of 
summarising participant responses to reveal their deeper understandings without 
reducing responses to quantitative variables (Loosemore & Bridgeman, 2018). Such 
stories can be compared or even grouped together to reveal both similarities and 
differences of opinions and interpretations and are increasingly popular as a social 
science analysis method (Griffin & May, 2012).
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2.6  Findings and Discussion

Analysis of the interviews revealed many consistent findings across all contractors. 
Firstly, reinforcing trends identified in the industrial survey conducted by KPMG 
(2017), all interviewees argued that CSR and SV are embraced as a core part of all 
contractors’ business models. There was also a general consensus across all inter-
viewees that they have increased their social value focus due to the requirements of 
the SVA. However, all contractors also stipulated that even without the SVA in place 
during procurement they would still continue with their social value behaviours due 
to management values. Yet all contractors interviewed also won an element of their 
annual work from the public sector so this research could not determine the validity 
of this further. Although this area wasn’t the focus of this paper, it was an interesting 
insight and one that is worth further exploration in future research.

When the topic of social value measurement was discussed, all contractors were 
involved with measurement to different degrees. Again, there was a consensus of all 
interviewees which revealed that measurement of social value was utilised to sup-
port and enhance social value communications, supporting findings in the literature 
that social value has objective requirements and needs to be measured and commu-
nicated (Loosemore & Higgon, 2016). However, differences in understandings were 
witnessed in each contractor’s perceptions of social value measurement. Whilst 
each contractor discussed terms and practices that overlapped in places, they all had 
somewhat different perceptions of social value that were driven in part from the 
needs and perceptions of their numerous clients.

In total, six different types of social value measurement tools were utilised by the 
ten contractors, with all but one using a recognised third-party measurement tool. 
This illustrates how there appears to be no single market leading social value mea-
surement method, and with each method communicating social value in a different 
way, this will arguably contribute to the difficulties and confusions that persist in 
reaching an agreed definition of social value. However, all the measurement tools 
currently in use attributed monetary metrics to social value. All the measurement 
tools were of an objective and qualitative nature and so arguably reduced social 
value down to the figures. Interestingly there was no consistency reported across the 
six different measurement tools, even when measuring the same social value behav-
iour. For instance, one contractor reported using two different social value measure-
ment tools across their business operations and adopting a ‘pick and mix’ approach 
when it came time to compiling tenders for procurement or even when reporting on 
progress to existing clients. The results of whichever tool had the highest monetary 
output were used, even if this meant using one tool to measure one practice and a 
different tool to measure a different practice. The interviews explored this further 
and revealed the contractor saw no contradiction over the legitimacy of either social 
value measurement tool. It appears the tools were not questioned or rigorously 
explored, simply used and exploited for the benefits they brought.

Analysis of the interviews also revealed that seven of the contractors interviewed 
felt the social value measurement method they used fully measured and 
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communicated social value. There was a consensus across these seven contractors 
that social value could be fully measured, and they saw no issues in the reduction of 
benefits to financial metrics. They were all of the opinion that social value was 
objective and, once agreed between stakeholders, could be easily measured and 
communicated using financial metrics. This is despite arguments in the literature 
that social value means different things to different people (Watts et al., 2019a) and 
a lack of widely agreed definitions results in social value being difficult to measure 
and communicate (Loosemore & Higgon, 2016). The three remaining contractors 
also all believed that social value was objective and that, despite different stake-
holder understandings and perceptions, agreements could be reached as to what 
social value is, and then measurement proxies should be used. Two contractors felt 
that the majority of social value could be captured in some form of financial metrics 
but admitted there was some elements of social value that arose from the practices 
they undertook which could not be accurately captured in monetary terms—but 
other metrics could be used—the tools to measure such social value just were not 
available yet. These two contractors believed such social value was impossible to 
accurately capture at present and so made no effort to do so. Only one contractor 
interviewed believed there was a need to measure social value using both financial 
and nonfinancial metrics, and they were currently considering how best to do this 
but had no solution at the time of interviewing. All contractors, therefore, only par-
ticipated in social value practices they were able to accurately measure, and that 
resulted in a set of financial variables that could be easily communicated to numer-
ous stakeholders. Any social value practices that couldn’t be easily measured using 
currently adopted measurement tools were likely to be ignored or marginalised, 
with focus shown to social value practices that easily leant themselves to financial 
measurement.

2.7  Conclusion

Construction contractors engage with social value measurement in order to be able 
to communicate their social value practices and results to stakeholders such as pub-
lic sector clients, as this will increase the likelihood of successful procurement. 
However, social value is a subjective concept and so not one that lends itself easily 
to measurement. Nevertheless, contractors are increasingly adopting measurement 
tools that take an objective approach and reduce social value to monetary figures. 
Through interviews with ten UK construction contractors, this paper reveals that the 
majority of contractors interviewed see social value only as that which can be mea-
sured with financial metrics; it seems a hammer can only see nails. Whilst some 
contractors do see the subjective nature of social value posing a problem for mea-
surement in that every aspect cannot be easily measured with financial metrics, at 
present amongst the vast majority of contractors, no effort is being made to measure 
these practices. In fact, the social value practices that do not result in easy-to- 
measure- and-communicate financial metrics are being largely ignored. The findings 
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of this paper reveal that social value practices which result in a higher amount of 
social value generated are potentially being ignored for practices which are easier to 
measure and communicate. Such findings contribute to understanding the ramifica-
tions of contractor decisions to measure and communicate social value in objective 
terms. In practice this may mean public sector clients need to consider the procure-
ment requirements they are imposing on contractors in order to achieve the highest 
amount of social value possible and not just that which can be easily condensed to 
financial terms. Further research could be conducted around understanding what 
other drivers are behind contractor reporting practices, and also further research 
could be aimed at establishing how social value practices that do not lend them-
selves to be financial metrics can be effectively measured and communicated.
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Chapter 3
How the Social Value Act (2012) 
Contributes to Wealth Inequality 
in the UK Construction Industry

Greg Watts and Anthony Higham

3.1  Introduction

The United Kingdom (UK) construction industry has an annual value of over £99bn, 
accounts for 9% of the UK economic output and is responsible for creating over two 
million jobs (Rhodes, 2019). Despite such significant economic benefits, society 
remains highly critical of the industry on account of its widely publicised negative 
impacts on society and the environment (Barthorpe, 2010). Consequently, the many 
positives to the industry are often overlooked and taken for granted such as the 
responsible behaviour of organisations and the infrastructure and buildings we 
depend on every day. Attempts to change the negative societal opinions of the con-
struction industry have resulted in construction organisations embracing corporate 
social responsibility (CSR). CSR can be described as organisations adopting prac-
tices to protect and improve the environment and society as part of their business 
activities (Carroll, 2015). Whilst organisations embrace CSR for a variety of rea-
sons, it is arguably the public sector that pushes the CSR agenda forward.

The public sector itself accounts for approximately 26% of the construction 
industry, and in addition to procuring goods and services for public use, public sec-
tor organisations such as local authorities (LAs) are now also able to maximise 
expenditure for additional societal benefit with the use of The Public Services 
(Social Value) Act (2012) (SVA). Using the SVA when awarding construction con-
tracts allows LAs to consider the wider value contractors offer and not just the low-
est cost (Watson et al., 2016). The SVA helps LAs maximise the societal benefits 
they experience in times of austerity. Whilst the focus of the SVA and contractor 
CSR are not directly aimed at wealth inequality, if such concepts are delivered 
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successfully, it could be presumed that wealth inequity would reduce. However, 
despite the increasing use of the SVA, wealth inequality in the UK is increasing. 
This area is currently unexplored and so the aim of this deductive research is to 
analyse this emerging area in more detail. By conducting interviews with both con-
tractors and LAs, and utilising the theoretical lens of legitimacy theory, this paper 
seeks to understand the impact of the SVA and funding cuts on LAs, the ramifica-
tions for construction contractors and their CSR practices and the impact such leg-
islation and practices have upon the levels of wealth inequality in society.

3.2  The Changing Landscape for Local Authorities

LAs are a substantial public sector client for the construction industry. However, the 
funding of LAs is directly influenced by government rules and regulations. During 
the previous decade, the government has engaged in a process of austerity. This can 
be defined as a shared feeling of hardship and reduced expectations, or perhaps 
more optimistically as a shared feeling of hope that such joint suffering will ulti-
mately lead to a prosperous economy and increased living standards (Coleman, 
2016). However, it is argued austerity impacts the most vulnerable groups in society 
the hardest (Horridge et al., 2019).

In a recent article, Bulman (2018) reported that government austerity has mani-
fested itself in budget cuts that have gone so deep they resulted in the bankruptcy of 
Northamptonshire council. A report by the Local Government Association (LGA) 
(2017) confirms this could be the first of many LAs to fail as a reduction in govern-
ment grants will mean almost half all LAs will receive no central government fund-
ing by 2020. LAs were instead primed to retain more of their own business rates 
raised (75% raising to 100% instead of the current 50%) (LGA, 2017). It is now 
government policy that LAs are to have responsibility for their own funding deci-
sions (Bulman, 2018). However, it is argued that this increase in business rates 
would not cover the funds lost from grants and will leave LAs facing a cliff edge in 
funding reduction as the business rate increase will not be in place during the phas-
ing out of the current grant system (LGA, 2017). Therefore, by 2024, it is forecasted 
that majority of LA funding will come from council tax receipts and retained busi-
ness rates and not from central government grants as is does currently (LGA, 2018).

LAs will therefore have to be self-sufficient, with money received equal or 
greater than money spent (presuming deficits will try to be avoided). This will 
potentially result in a more aggressive attitude to LA spending and further spending 
cuts. Whilst some may argue this may be a fairer system, a report from the Institute 
of Fiscal Studies found that those LAs who would receive the most from retained 
business rates would not necessarily be those LAs who had the most spending needs 
(Smith et al., 2018). The study models the impact of what the business rate reduc-
tion would have looked like between 2006 and 2014, finding 25% of the LAs worst 
hit having 13% less spending power relative to their needs compared to the 25% of 
LAs who would have experienced the least cuts (Smith et al., 2018). Some LAs are 
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therefore set to be worse off financially after the government strategy is fully imple-
mented. However, it is argued that one way LAs can seek to maximise expenditure, 
thereby offsetting some of the negative impacts of budget cuts, is by utilising the 
SVA during procurement (Cabinet Office, 2015).

3.3  The Social Value Act (2012)

The SVA places a legislative duty on public sector bodies in England and Wales to 
consider the wider value that can be achieved during procurement and not just the 
lowest cost tender returned (Watson et al., 2016). Social value has been described as 
something that will add benefit to both immediate stakeholders and wider society 
(Kuratko et al., 2017). It is an actionable concept (Watson et al., 2016) that results 
in a positive contribution to communities (Raiden et al., 2019). At a more nuanced 
level, it is argued that only the social value created above and beyond the actual 
goods and services of the transaction can be considered as actual social value. 
However, there are currently no widely agreed metrics to measure the social value 
created through procurement, and the metrics that are used are subject to disagree-
ment and confusion (Loosemore & Higgon, 2016). It is argued, however, that such 
ambiguity is purposeful, as a government review of the SVA reported that it allows 
LAs to identify and focus on the social value most important to them (Cabinet 
Office, 2015). Social value can therefore include practices that aim to have either 
short-term or long-term benefits. However, it is an assumption made by all stake-
holders that the social value practices undertaken ultimately result in some sort of 
benefit for the intended recipients. The SVA can therefore perhaps be considered as 
a positive tool in the arsenal of LAs in maximising spending, arguably helping 
achieve ‘more for less’ in their procurement (Watts et al., 2019).

However, whilst the use of SV is growing amongst LAs due to its legal require-
ment and the increased legitimacy it affords to LAs, it is argued the SVA is not 
widely utilised by all LAs due to low awareness, slow reactions in adopting new 
procurement strategies, a lack of leadership and a fear of legal challenges from its 
incorrect application (Cabinet Office, 2015). Where the SVA has been adopted, ben-
efits have been realised, with ‘success stories’ including an increase in fair trade 
products specified and more employment opportunities provided to disadvantaged 
groups (Loosemore & Higgon, 2016). Contractors, however, may argue that they 
have engaged in such behaviour long before the requirements of the SVA. Indeed, a 
review of contractor CSR reports revealed reports, published in 2007 some 5 years 
before the introduction of the SVA, contain examples of contractors engaging in 
practices intending to improve society (Watts et  al., 2019). It could therefore be 
argued that such socially responsible contractor behaviours were undertaken before 
the introduction of the SVA.  It could be argued that the recent push towards SV 
forms part of the CSR movement and agenda which has been increasing and evolv-
ing since the 1950s.

3 How the Social Value Act (2012) Contributes to Wealth Inequality in the UK…
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3.4  Corporate Social Responsibility

The modern advent of organisational CSR behaviour can be traced back to the pub-
lication of the book Social Responsibilities of the Businessman by Bowen in 1953. 
Bowen argued for a giving back to society from business leaders due to the increas-
ing industrial prosperity (Bowen, 1953). The concept has evolved since this time, 
focusing upon civil rights movements, woman’s rights, consumer protection and 
environmental concerns as well as important social issues (Carroll, 2015). This evo-
lution and increasing demand placed on organisations can be attributed to each gen-
eration expecting more responsibility from business in general. Such holistic 
expectations have made the concept of CSR diverse. CSR can therefore be described 
as organisations protecting and improving the welfare of the environment and wider 
society as part of their business activities (Carroll, 2015). Although like the concept 
of SV, CSR is ambiguous and means different things to different people 
(Barthorpe, 2010).

Requests from clients during procurement for additional metrics to be met, such 
as those considered as part of an organisation’s CSR, have also grown in impor-
tance. Now the criteria of time, cost and quality are no longer considered a triumvi-
rate, and contractors are required to engage with and evidence their CSR in order to 
be successful during procurement. The benefits such CSR activity brings to stake-
holders and intended recipients are also widely reported (Cabinet Office, 2015). 
Therefore, setting aside organisational motivations for CSR, it can be argued that 
the impacts of CSR activity are positive on both the environment and wider society. 
Indeed, it has been shown that one of the reasons contractors engage in CSR is for 
the positive difference it makes (Barthorpe, 2010). Arguably, the SVA has been 
introduced to harness the benefits offered by CSR and encourage more private sec-
tor organisations to adopt CSR practices. Therefore, some may believe that if the 
SVA was widely adopted by all LAs in all geographical regions, such CSR benefits 
would become more common and could alleviate negative issues experienced in 
society at the same time as alleviating some of the constraints LAs face due to fund-
ing cuts. It is with such thinking in mind that the widespread use of the SVA is 
encouraged (Cabinet Office, 2015). However, the relationship between the SVA and 
societal inequality is yet to be explored in the literature nor has any potential unde-
sirable consequences of the SVA. This research seeks to offer one of the first explo-
rations of the unintended negative impacts of the SVA and adopts the theoretical 
lens of legitimacy theory to assist in understanding key actor decisions.

3.5  Legitimacy Theory

Legitimacy can be described as the perception that an organisation conforms to 
social norms and expectations and therefore has a social licence to operate 
(Bachmann & Ingenhoff, 2016). Legitimacy theory provides a theoretical 
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framework to understand and explain how the decisions of individuals and organisa-
tions are governed and motivated by legitimacy seeking behaviours (Duff, 2017). It 
is argued there are three main categories of legitimacy, each with nuanced sub- 
categories as can be seen in Table 3.1.

Both individuals and organisations seek different types of legitimacy at different 
stages through their actions and communications and can attempt to progress along 
a continuum from pragmatic to cognitive legitimacy in the eyes of others (Belal & 
Owen, 2015). Legitimacy theory explains organisational decisions as being moti-
vated by seeking legitimacy from stakeholders (Duff, 2017). Indeed, it could be 
argued that contractors embrace CSR to increase legitimacy perceptions amongst 
LAs which is achieved when LAs in turn procure only contractors who embrace 
CSR. This study adopts legitimacy theory as a lens to analyse and understand LA 
and contractor behaviour in regard to their adoption, encouragement and use of the 
SVA and wider CSR practices.

3.6  Research Method

In this research, the view is adopted that social value is fundamentally a subjective 
concept as numerous arguments throughout the literature highlight how different 
stakeholders have different social value interpretations (Watts et  al., 2019). This 
view therefore dictates a constructivist ontological position, with the understanding 

Table 3.1 Legitimacy classifications as derived from Duff (2017)

Type of legitimacy Sub-category

Pragmatic—where practical and logic 
consequences arise from organisational 
exchanges with stakeholders

Exchange—organisations embrace practices they 
hope will result in legitimacy
Influence—stakeholders believe organisations 
consider societal interests
Dispositional—stakeholders believe organisations 
have societal concern

Moral—where stakeholders believe an 
organisation is doing the ‘right thing’

Consequential—stakeholders judge organisations 
on what they achieve
Procedural—organisations adopt socially accepted 
practices
Structural—stakeholders perceive an organisation 
is structured to achieve its advertised aims
Personal—stakeholders believe those in charge of 
the organisation have high morals

Cognitive—where stakeholders believe an 
organisation’s motivation reflects their own

Comprehensibility—where an organisation 
purposefully structures itself to be understandable 
to stakeholders
Taken for granted—stakeholders perceive the 
organisation to be one of the only ones who can 
meet their needs
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that meanings are socially constructed between different actors and are therefore 
best understood through a qualitative research strategy (Bryman, 2016).

This research is concerned with the interpretation, enactment and ramifications 
of the SVA by both LAs and construction contractors, and so purposive sampling 
was undertaken. This is where participants are identified based on their ability to 
satisfy the research requirements (Robson & McCartan, 2017). In this research, the 
top 50 construction contractors by turnover were identified and 10 picked at ran-
dom. An online search for LAs who had an advertised use of the SVA was also 
undertaken, and from the 22 identified, 10 were picked at random. From the respec-
tive organisation websites, key actors who have responsibility for procurement of 
construction works, and those who have responsibility for carrying out SV prac-
tices, were selected. Email introductions were then sent to each individual outlining 
the research and requesting interviews. Six LAs and five contractors replied posi-
tively. In total, 11 interviews were conducted. Galvin (2015) conducts an extensive 
review of 54 previous studies and concludes that in order for a researcher to have a 
high confidence in their findings 11 to 15 interviews are optimum. Semi-structured 
interviews were then conducted which allowed the core topics of interest to the 
research to be covered whilst allowing flexibility for the interviews to pursue inter-
esting and unexpected lines of enquiry (Bryman, 2016). The interviews were con-
ducted by telephone due to the wide geographical spread of the participants whilst 
also allowing the participants to respond to questions from comfortable and familiar 
surroundings (Creswell, 2013).

Narrative analysis was employed to encourage participants to discuss relevant 
topics and also as a method of analysing responses. Narrative analysis encourages 
interviewees to respond to questions asked by telling stories of their experience, 
with the researcher then extracting relevant information from these stories 
(Sandelowski, 1991). Such stories and responses are summarised and grouped 
together so detailed insights and understandings can be revealed (Loosemore & 
Bridgeman, 2017). In this research, as participant understandings of the SVA were 
sought, in addition to examples of the SVA use, participants were requested to tell 
stories of how they have used or experienced the SVA, why it was used in those 
ways, in what contexts and any benefits and drawbacks experienced. Any wider 
reflection shown by the interviewees when using the SVA, and potential consider-
ation of ramifications, both positive and negative, were also discussed. The catego-
ries of legitimacy theory were used to both structure the interview questions and as 
themes by which to categorise responses. For example, LAs were asked if they 
judge contractors on their social value achievements (consequential legitimacy), 
and contractors were asked why they engaged with social value practices and if they 
engaged with such practices to be viewed as legitimate (exchange legitimacy). 
Contractors were also asked the amount of LA work undertaken, their motivation 
for conducting SV practices and if such SV practices were undertaken across all 
projects regardless of client. The LAs were also asked about the changes to their 
funding, procurement practices and their previous and current social value require-
ments from contractors. The types of legitimacy then became headings under which 
the summarised responses gained through the narrative analysis were grouped. Any 
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stories that shared characteristics with legitimacy theory categories were then 
grouped together under the appropriate heading, thereby revealing if any aims or 
actions by either LAs or contractors were driven by legitimacy motivations and, if 
so, which type of legitimacy. This allowed a deeper consideration of stakeholder 
actions to be undertaken and allowed the theoretical lens of legitimacy to reveal 
deeper insights into stakeholder action and intention.

3.7  Findings and Discussion

The interviews with LAs revealed that changes to their funding are indeed under-
way, and are influencing procurement decisions, including impacting the way they 
procure construction contracts, confirming arguments in the literature. All LAs 
reported it was the introduction of the SVA that encouraged them to consider the 
wider benefits they could achieve from expenditure. All LAs also reported that prior 
to the introduction of the SVA, simply considering the lowest priced tender was 
acceptable and regularly undertaken. Although the majority of the LAs revealed that 
cost is still the most important factor, they reported the SVA now enables them to 
make further requests from each contractor. The interviews also reinforced argu-
ments in the literature that LAs are attempting to ensure SV resulting from procure-
ment occurs within their own geographical remit. This was to illustrate spending on 
issues of local importance to satisfy the majority of their stakeholders. All LAs were 
largely unapologetic about this and discussed how it was for the long-term good of 
their own area. One LA even stated how they want local spend to occur within ten 
miles from the city centre and not ten miles from the location of the site, as some-
times the latter will cross the boundary of another LA and they want to retain all the 
spend benefits themselves (Table 3.2).

The interviews also revealed that LAs acted this way in their search for moral 
and cognitive legitimacy in the eyes of local stakeholders such as community 
groups, residents and local business leaders. This raises the prospect of those LAs 
with lower socio-economic communities failing to raise enough funds to invest in 
construction projects and so therefore unable to experience the advantages the SVA 
offers. LAs who have the financial means can therefore maximise the benefits their 
local communities experience. However, analysis of the interviews reveals that 
being motivated to achieve legitimacy in the eyes of immediate stakeholders comes 
at the expense of wider stakeholders, with those LAs interviewed inadvertently 
serving to widen the wealth gap between affluent and poorer communities. When 
this was raised, LAs cited concerns about their own communities. Although no cli-
ent wanted inequality to increase elsewhere, they all discussed what their responsi-
bility was to their own populations first and foremost. Interestingly, the contractors 
did not acknowledge how the focus of their SV activities could perhaps contribute 
to wealth inequality and instead, like LAs, argued that such SV need would be 
picked up by LAs and contractors in those areas.
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It was perhaps unsurprising to learn contractors discussed the procurement ben-
efits CSR activity brings to their organisation. However, all those interviewed also 
strongly believed the benefits to society and the environment are the main motiva-
tions behind their CSR strategies and actions. Contractors generally believed they 
would still conduct SV practices even without the requirements imposed by the 
SVA and discussed current examples of CSR activity they were undertaking where 
the SVA had not been used, including for private sector clients who were not overly 
concerned with SV during procurement. Contractors also often structured their 
organisations with specially hired staff to oversee the social value practices under-
taken (structural legitimacy) and perceive they had to adhere to LA practices 
expected (procedural legitimacy). It was also interesting that every contractor inter-
viewed felt authentic support from top level management and business owners to 
deliver high-impact social value practices (personal legitimacy). The use of legiti-
macy theory also revealed contractors were either motivated by, or at least aware of, 
the moral legitimacy benefits achieved by embracing CSR activity. Contractors are 
therefore willing to conduct CSR activity in the locations specified by LAs if it 
meant they could be both successful in procurement and engage with CSR activity.

Table 3.2 Summary of research findings

Salient findings Relationship with literature

Changes to LA funding is influencing 
construction procurement decisions

This builds on findings by Bulman (2018) and LGA 
(2018) that LA funding is changing with the potential 
ramifications for the construction industry illustrated. 
The paper provides the insight that LAs are aware of, 
and preparing for, changes to their funding by 
maximising use of the SVA

The SVA is increasingly used and does 
help LAs achieve more from 
procurement

The findings reinforce those in the literature of Raiden 
et al. (2019) and illustrate that recommendations made 
by the Cabinet Office (2015) are occurring in industry

LAs use the SVA to ensure contractor 
spending is within their own 
geographical remit to maximise local 
benefits experienced. This is conducted 
to increase LA legitimacy in the eyes 
of local communities

Building on the use of legitimacy theory as a 
theoretical lens to understand behaviour (Duff, 2017), 
this paper contributes to understanding how legitimacy 
theory can govern client actions and this can influence 
contractor behaviour

LAs without the funds to use for 
construction projects may lose out on 
experiencing any SV-related benefits 
within the areas they cover

Such findings build on existing research by LGA 
(2018) and Smith et al. (2018) and extend current 
findings to reveal possible negative connotations to 
current and planned government policy

Construction contractors engage with 
CSR and SV activity for the wider 
societal good and not simply to win 
work

Research by Watson et al. (2016) and Raiden et al. 
(2019) explore CSR and SV activity, and these findings 
contribute to, reinforce and further our understandings 
of contractor CSR and SV motivations
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3.8  Conclusion

This research offers one of the first explorations of the unintended negative impacts 
of the SVA and the potential scenarios that could arise if the SVA is increasingly 
adopted by LAs. This increasing use is both encouraged by central government and 
somewhat driven by the government’s austerity measures and the upcoming changes 
to how LAs receive funding resulting in future budget cuts. The research findings 
reveal that whilst contractors are motivated to embrace CSR for the benefit of soci-
ety, current legislative and procurement practices dictate the focus of such CSR. If 
this focus is within a LAs’ geographical remit, the contractor will ultimately be 
more successful in public sector procurement. The most affluent LAs will procure 
construction works and receive SVA benefits, further enhancing their communities 
and so increasing the funds they receive to invest in construction work, whereas 
LAs without enough funds to invest will not experience the same SV benefits from 
contractor CSR activity. The focus of such CSR activities solely in areas at the dis-
cretion of affluent LAs utilising the SVA could inadvertently contribute to increas-
ing social inequality.

The limitations of this study include the number of interviewees conducted, as 
they cannot be said to be representative of the hundreds of LAs and contractors 
operating in the UK. Therefore, the generalisability of the research findings is lim-
ited. It would also be of interest to compare the actions of LAs who have elected 
mayors and those who do not, to reveal if the shifting focus of local politics impacts 
how LAs spend their budgets. It is recommended that further research will need to 
be conducted with a wider sample of LAs, including those of different socio- 
economic levels and those who do and do not use the SVA in procurement of con-
struction works to increase understanding of the wider SVA ramifications. This 
research is of particular importance to contractors tendering for LA work and for 
those contractors motivated to engage in CSR by a desire to positively contribute to 
society. The research is also of importance to LAs and government policy makers in 
their consideration of the successes and failures of the SVA. The findings of this 
research add to the current understanding surrounding SV procurement in the UK 
construction industry and highlight previously unexplored areas of importance 
regarding the use of the SVA. It is therefore recommended that LAs think carefully 
before they use the SVA, and perhaps a longer-term, nationwide approach to har-
nessing the power of contractor CSR should be discussed amongst all LAs to ensure 
the benefits can be experienced by all geographical regions.
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Chapter 4
Transitioning from a Linear to a Circular 
Construction Supply Chain

Emmanuel Manu, Nii Amponsah Ankrah, and Jamila Bentrar

4.1  Introduction

It is estimated that the construction and operation of the built assets account for 
about 60% of materials consumption in the UK (BAM and ARUP, 2017). 
Construction, demolition and excavation waste is also estimated to account for 
approximately 20–30% of waste in the EU (BAM and ARUP, 2017). This substan-
tial resource consumption in the construction sector makes it a priority industry for 
promoting a circular economy. Circular economy is a sustainable economic para-
digm that seeks to bridge the gap between production and consumption activities 
(Witjes & Lozano, 2016) by maintaining materials as valuable and useful resources 
for production. Products, components and materials in a circular economy have to 
be kept at their highest possible utility and value at all times (Ellen MacArthur 
Foundation, 2015a) to be useful resources for production. The Ellen MacArthur 
Foundation (2015b, p. 2) has defined circular economy as a ‘new economic model 
that seeks to ultimately decouple global economic development from finite resource 
consumption’. There is already evidence that adoption of circular business models 
can promote sustainability. By applying a life cycle assessment methodology, Nasir 
et al. (2017) compared a circular building insulation supply chain with the linear 
equivalent and found 40% reduction in carbon emissions. Other sustainability 
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benefits of circular economy such as waste material reduction and reuse (Hossain 
et  al., 2020) have also been reported. Given the high resource consumption and 
waste from construction and operation of built assets, circular economy adoption in 
construction has continued to attract research interest in the literature.

Successful implementation of circular economy in the construction industry will 
be dependent on construction supply chains adopting circular business models (cir-
cular construction supply chains). Complex networks of supply chain firms are 
involved throughout the life cycle of built assets, from design, construction and 
operation, to demolition at the end of life phase. The target outcomes for promoting 
circular economy in the construction supply chain will be to achieve material effi-
ciency through reuse and recycling of construction waste (Ghisellini et al., 2018) 
and to design out waste (Ellen MacArthur Foundation, 2015b). For such circular 
economy ambitions to be realised in the construction industry, construction supply 
chain firms will have to rethink traditional business models, which are more aligned 
to the linear take-make-dispose economy. Recent studies have highlighted the dif-
ficulty in implementing circular economy in the supply chain (Schraven et  al., 
2019). Schraven et al. (2019) investigated the Dutch stony materials supply chain 
and found that the key challenges inhibiting circular economy transition in the sup-
ply chain are the lack of incentives for the supply chain to make changes towards 
circularity, lack of mutual interest between supply chain actors, high uncertainties 
and risks and clashes of perceptions across the supply chain.

From the existing literature, limited studies have addressed this issue of con-
struction supply chains transitioning towards a circular economy, particularly from 
the perspectives of organisations that have already been through this transition jour-
ney. The aim of this study, as part of a much wider study on circular economy transi-
tion in the construction supply chain, was to explore the factors that are critical to 
enabling the transition from a linear to a circular construction supply chain.

In the sections that follow, a literature review is presented on linear and circular 
supply chains, including circular business models that can be adopted by firms in 
the construction sector. This is followed by a methodology section, the research 
findings, results and discussions and the conclusion.

4.2  Linear and Circular Supply Chains

Supply chains have been defined by Christopher (2011, p. 13) as “the network of 
organisations that are involved through upstream and downstream linkages, in the 
different processes and activities that contribute value in the form of a product or 
service delivered to an ultimate consumer”. Supply chains that operate in any indus-
try are therefore responsible for the flow of products, information and financial 
resources within complex production and consumption systems. Traditional supply 
chains operate business models that are embedded in the linear economy. The linear 
economy is driven by a take-make-dispose model of production and consumption 
which is wasteful and unsustainable (Ellen MacArthur Foundation, 2015a; Ruiz 
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et al., 2020). Construction supply chains operating within the linear economy use 
virgin resources to construct built assets, and these assets are not designed to facili-
tate disassembly or easy adaptability to changing user requirements. They soon 
become derelict waste liabilities that are demolished rather than deconstructed, 
hence resulting in high loss of material quality and eventually waste. Construction 
supply chains that design, construct, operate and recover built assets have predomi-
nantly operated within this linear economy (linear supply chains).

Circular economy as a sustainable economic model (Virlanuta et al., 2020) offers 
an alternative vision for production and consumption activities. It has been defined 
by Kirchherr et al. (2017, pp. 224–225) as ‘an economic system that is based on 
business models which replace the “end-of-life” concept with reducing, alterna-
tively reusing, and recycling materials in production/distribution and consumption 
processes, with the aim to accomplish sustainable development, which implies cre-
ating environmental quality, economic prosperity and social equity, to the benefit of 
current and future generations’. Within the circular economy, production and con-
sumption activities are intentionally designed to maintain material value and integ-
rity over time as useful resources in a circular flow. Kirchherr et al. (2017) found 
that circular economy definitions frequently congregate around the 4Rs of reduc-
tion, reuse, recycling and recovery activities, all of which create different loops in 
the circular flow. However, Morseletto (2020) proposed ten circular economy strate-
gies, which are recover, reuse, recycle, repurpose, refurbish, remanufacture, repair, 
reduce, rethink and refuse. In Fig. 4.1, the ten circular economy strategies proposed 
by Morseletto (2020) have been linked to circular business models that are appli-
cable to the built environment. For circular economy to be successfully realised in 
the construction industry, supply chains that operate in the industry need to transi-
tion by adopting these circular business models (circular supply chains).

A business model is an articulation of the logic that organisations use to identify, 
capture and deliver value to their consumers within viable structures of revenues 
and cost (Teece, 2010). BAM and ARUP (2017) categorised circular business mod-
els in the built environment into circular design, circular use and circular recovery. 
However, through synthesis from a range of sources (BAM and ARUP, 2017; 
Esposito et al., 2018; EIT Climate-KIC, 2019), eight circular business models are 
provided in Fig. 4.1, i.e. circular design, circular construction, product as a service, 
life cycle extensions, sharing platforms, end-of-life management, circular material 
production and supply and energy recovery models. These circular business models 
are driven by value identification, capture and delivery throughout the life cycle of 
built assets. Since the considerable amount of waste generated by the construction 
industry can be traced back to the early stages of design (Esposito et al., 2018), 
circular design models focus on designing out waste in a structure by paying atten-
tion to the circularity and reusability of the individual materials and components 
within it. Circular designs should also facilitate the use of circular construction 
techniques (e.g. design for manufacture, assembly and disassembly). Circular con-
struction techniques and processes (e.g. construction assembly and installation) 
should achieve circularity of the structure, with claims that prefabrication and off- 
site construction are techniques that can help achieve circularity (Esposito et al., 
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Project 
lifecycle

Circular economy 
strategy

Description Circular business 
models

Smarter 
design and 
construction 

R0 Refuse Phase-out materials 
(e.g. virgin materials) or 
environmentally 
damaging production 
processes by 
abandoning its function 
or offering the same 
function with a different 
material.

Circular design –
design of product,
projects and 
process for the 
circular economy

Circular 
construction –
construction for 
easy disassembly  R1 Rethink Design and construct 

built assets that 
facilitate other R 
strategies so that 
intensity of use and 
efficiency is increased 
(e.g. design for 
disassembly, design for 
flexibility and 
adaptability)  

R2 Reduce Design and construct 
built assets so that they 
consume fewer natural 
resources.  

Extend 
lifespan of 
built assets

R3 Reuse Reuse built assets or 
their component parts 
which are still in good 
condition to fulfil original 
function. 

Product as a 
service

Digital sharing 
platforms and 
marketplaces

Life cycle 
extension –
repurpose, 
refurbish and 
maintenance

R4 Repair Repair and 
maintenance of 
defective products so 
that is can be used with 
its original function. 

R5 Refurbish Restore built assets and 
their components to 
bring them up to date.

R6 Remanufacture Use parts of discarded 
components or parts 
from built assets in the 
construction of new 
projects with the same 
function. 

R7 Repurpose Adapt built assets for 
different purposes or 
use parts of discarded 
components from built 
assets in the 
construction of new 
projects with different 
functions. 

Useful 
application 
of materials 
at end of 
life

R8 Recycle and 
Upcycle

Process materials from 
built assets to obtain the 
same or higher-grade 
quality raw materials. 

End-of-life 
management –
deconstruction of 
built assets

Circular material 
(re)production and 
supply –
production and 
supply of 
recycled/upcycled 
materials 

R9 Recovery Incineration of material 
with energy recovery. 

Energy recovery -
waste-to-energy

Fig. 4.1 Circular economy strategies and business models (Adapted from Morseletto, 2020)
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2018). The extension of the lifespan of built assets through active maintenance 
regimes, repairs, upgrades and refurbishments all fits within the life cycle extension 
business model. Sharing platforms are also circular business models that enable 
multiple clients/customers to use the same resources, hence an increase in resource 
utilisation and reduction in demand for new products. A typical example of such 
circular business models is platforms like FLOOW2, which allows contractors with 
idle construction equipment (e.g. earth diggers and excavators) to maximise equip-
ment utilisation through sharing and exchanges (Esposito et al., 2018).

Circular material production and supply business models are based on recycling 
or upcycling of used (non-virgin) materials that would otherwise have resulted in 
waste. Through secondary production processes, these materials are re-produced as 
resources for the same product (recycling) or higher-grade products (upcycling). 
Circular material production and supply business models also capture, store and 
recycle waste energy (e.g. waste heat). Energy recovery business models can be 
compatible and complimentary to recycling in the circular economy (Van Caneghem 
et al., 2019; Morseletto, 2020) although this is the least sustainable of the circular 
business models because it destroys materials forever and encourages waste (see 
Vilella, 2019). Construction supply chain firms that adopt any of these circular busi-
ness models will be paramount for achieving circular economy transition in the 
construction industry. The factors that are critical for driving such a transition in the 
construction supply chain are largely unexplored.

4.3  Research Methodology

The study adopted a qualitative methodology that is underpinned by an interpretiv-
ist epistemology. Due to this interpretivist epistemology, the researchers had to con-
stantly engage with participants as ‘insiders’ (Creswell, 2013) to uncover deeper 
meanings through interactive dialogue and interpretation (Ponterotto, 2005). Data 
was gathered through face-to-face semi-structured interviews conducted with par-
ticipants in both the UK and France. The focus on these two countries (UK and 
France) was as a result of existing collaborations with organisations that had adopted 
or promoted circular business models. Altogether, a total of 14 participants (3 in UK 
and 11 in France) were interviewed across 12 organisations (3 in the UK and 9 in 
France). All the participants were purposefully selected because they had engaged 
in or championed the implementation of circular economy in the construction sup-
ply chain. However, despite the range of circular business models summarised in 
Fig. 4.1, all the participants in this study had only implemented or promoted two of 
the circular business models in Fig. 4.1, i.e. end-of-life management and the returns, 
recycling and upcycling business models. All the participants were senior-level rep-
resentatives of the various organisations summarised in Table 4.1.

Apart from Participant 4 who was interviewed individually, all the other French 
participants were interviewed using focus group sessions. Participants 5—7  in 
Table  4.1 were interviewed together as focus group 1, participants 8–9 as focus 

4 Transitioning from a Linear to a Circular Construction Supply Chain



38

group 2 and participants 10–14 as focus group 3. The focus group interviews were 
used for interviewing the majority of the French participants because it offered the 
logistical benefit of interviewing multiple individuals simultaneously (Onwuegbuzie 
et al., 2009), as compared to the individual interviews. The individual interviews 
lasted approximately 50  min, whilst the focus group interviews lasted approxi-
mately 120 min. These semi-structured interviews were very exploratory in nature. 
Participants were asked to share their experiences of implementing circular business 
models, any challenges they faced and advice for construction supply chain firms 
that are interested in transitioning towards the circular economy.

The data was analysed using a thematic analysis approach (Braun & Clarke, 
2006; Peterson, 2017) which started with transcription of the audio interviews. 
Thematic analysis is an interpretive data analytic process that requires the immer-
sion of one’s self in the data to identify common ideas or themes about what is being 
studied and the research question(s) being addressed (Peterson, 2017). The tran-
scripts were analysed manually by coding segments of text (Miles & Huberman, 
1994) based on an inductive approach, with the initial codes assigned after familia-
risation and interpretation of meanings in the text. These initial codes were then 
organised and re-organised until a coherent pattern that was consistent with the 
main research question emerged. The output from the analysis is therefore a reflec-
tion of the researchers’ interpretation of participants’ views, rather than an objective 
and quantifiable generalisation. Nonetheless, this approach aligns with the interpre-
tivist ontology (Peterson, 2017) that was chosen for the study.

Table 4.1 Semi-structured interview participants and their organisations

Organisation Label Participant(s) Location

Asbestos denaturing and recycling firm RC-01 Participant 1 UK
Demolition and aggregate recycling firm DC-RC -01 Participant 2 UK
Supplier of recycled insulation-social enterprise SCP Participant 3 UK
Ceramic thermal energy capture, storage recycling firm RC-02 Participant 4 France
Federation of concrete manufacturers FCM Participant 5 France
Manufacturer of prefabricated concrete products MCMP-01 Participant 6 France
Manufacturer of architectural masonry products MCMP-02 Participant 7 France
Real estate developer RED Participant 8 France
Developer and social landlord DSL Participant 9 France
Demolition, aggregate recycling and recycling 
equipment manufacturer

DC-RC- 
REM

Participant 10 France

Concrete producer—Ready mix CP Participant 11
Participant 12
Participant 13

France

Waste valorisation consultancy WVC Participant 14 France

CP concrete producer, DC demolition company, RC recycling company, DSL developer and social 
landlord, REM recycling equipment manufacturer, MCMP manufacturer of concrete and masonry 
products, WVC waste valorisation consultancy, SCP supplier of circular products, FCM federation 
of concrete manufacturers, RED real estate developer
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4.4  Results and Discussion

Participants provided their perspectives on actions and factors that were needed to 
successfully drive circular economy transition in the construction supply chain. The 
thematic analysis results are summarised in Fig. 4.2. The achievement of design for 
deconstruction visions in the built environment was a critical success factor which, 
according to participants, will accelerate transition towards circular economy in the 
supply chain. Instances were cited of difficulties in the recycling process that could 
be traced back to the way structures had been designed. Some participants also 
linked a regime where structures are designed for deconstruction to minimised recy-
cling costs. Previous studies have recognised the importance of designing buildings 
as material banks, with material passports that facilitate end-of-life decisions (Honic 
et al., 2019). This finding has implications for design professionals in construction 
who will have to develop more circular design expertise. On the issue of flexibility 
of regulations and standards to accommodate circular innovations, participants in 
France were optimistic that the soon-to-be-passed French ‘License to Innovate’ bill 
could promote the level of flexibility that can foster innovation. In the UK, this regu-
latory flexibility was more about achieving a better balance between energy effi-
ciency targets and end-of-life utility of built assets. This view is captured in the 
interview extract from the demolition and aggregate recycling firm in the UK:

Policy at the minute has been entirely driven by erm, energy usage. That’s it. We’re abso-
lutely driven by efficiencies of buildings when they finish. Well, they’ve got to stop looking 
at that, policy’s got to change to buildings end of life and whether it can be deconstructed, 
or whether it can be re-purposed.—DC-RC-01 [Participant 2]

Another critical success factor was to minimise the cost of recycling (secondary 
production costs) to make circular economy transition in the construction supply 
chain more profitable. Both participants in France and the UK linked this minimisa-
tion of secondary production costs to the creation of shorter resource flow loops. 
Creating shorter resource flow loops by recycling materials on site will minimise 
transportation and storage costs and, as a positive consequence, also reduce whole 
life carbon from secondary production activities. When it was not possible to oper-
ate within a specified proximity of the recycling facility, participant firms in both the 
UK and France deployed mobile recycling plants to shorten the material flow loop 
and generate cost-efficiencies. A participant in France remarked:

Transportation has a great impact…the opportunity to re-use materials right on the site can 
eradicate the transportation costs. It also minimises the need for storage space for re- 
processed materials. If the mobile unit cannot operate on site, then the platform machine is 
used, which increases the cost of transportation and storage.—DC-RC-REM [Participant 10]

Tingley et al. (2017) also recognised the need for cost minimisation strategies with 
regard to structural steel reuse. Some participants suggested that economic incen-
tives like EU subsidies and higher taxes on virgin natural resources will strengthen 
the case for circular economy transition in the construction supply chain. A partici-
pant in France (CP—Participant 12) cited an example where some local authorities 
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Main 
theme

Higher level 
Codes

Lower level Codes Indicated by

Critical 
success 
factors for 
circular 
supply 
chain 
transition 

Maturity of 
markets for 
circular 
products

CP – [Participant 11, 
Participant 12
Participant 13]

Flexible 
business 
models that 
allow for 
innovation

Smaller companies are more 
agile so easily adopt new 
processes and circular 
innovations. 

FCM- [Participant 5]
WVC – [Participant 
14]
RC-02 – [Participant 
4]

Change in 
mindset and 
communication 
strategy

Change mindset from waste 
management to resource 
management

DC-RC-REM -
[Participant 10]
DSL – [Participant 9]
DC-RC -01 –
[Participant 2]
DSL – [Participant 9]

Label recycled products as eco-
products rather than products 
from waste. 

WVC – [Participant 
14]
FCM- [Participant 5]
DC-RC-REM -
[Participant 10]

Minimizing 
costs of 
secondary 
production

Creation of shorter loops FCM- [Participant 5]
DSL – [Participant 9]
DC-RC -01 –
[Participant 2]

Tax breaks, carbon credits and 
other economic incentives

RC-01 – [Participant 
1]
CP – [Participant 11, 
Participant 12
Participant 13]

Collaboration 
amongst 
industry 
stakeholders

DC-RC -01 –
[Participant 2]
DC-RC-REM -
[Participant 10]
CP – [Participant 11; 
Participant 12; 
Participant 13; 
Participant 14]
RED – [Participant 8]
DSL- [Participant 9]

Flexible 
regulations 
and standards 

Regulations and standards that 
keep pace with circular 
economy innovations

DC-RC-REM -
[Participant 10]
CP – [Participant 11; 
Participant 12; that embrace 

innovation Participant 13; 
Participant 14]

Regulations that achieve a 
balance between energy 
efficiency and design for 
deconstruction

DC-RC -01 –
[Participant 2]

Industry 
leadership

FCM- [Participant 5]
MCMP-01 –
[Participant 6]
MCMP-01-
[Participant 6]
MCMP-02-
[Participant 7]

Design for 
deconstruction

Demountable building 
techniques that facilitate quick, 
easy, and cheap deconstruction 
at the end-of-life phase

DC-RC -01 –
[Participant 2]
FCM- [Participant 5]
DC-RC-REM -
[Participant 10]
CP – [Participant 11; 
Participant 12; 
Participant 13; 
Participant 14]

Availability of 
resources in 
commercial 
quantities  

DC-RC -01 –
[Participant 2]
FCM- [Participant 5]
RED – [Participant 8]
DSL- [Participant 9]

Fig. 4.2 Results from the thematic analysis process on critical success factors
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now allow a developer to build 30% more on the land if they could demonstrate a 
decrease in their C02 emissions through use of low-carbon cement with recycled 
content. With the high cost of resources in Europe, it is evident that some economic 
incentives will enable circular economy transition in the construction supply chain. 
Nasir et al. (2017) argued that reaching higher levels of circularity will require such 
policy interventions due to higher economic costs. Another critical success factor 
expressed by most participants was the need for strong industry collaborations to 
promote circular economy in the supply chain. Some of the French participants had 
been beneficiaries of such collaborations between circular supply chain firms (e.g. 
deconstruction specialists), trade federations, client organisations, designers (archi-
tects, engineers) and regulators (local and central government authorities) working 
together to drive circular economy transition.

The expertise of specialist deconstruction supply chains will be needed at the 
early stages of design to advise on how choice of building systems, materials and 
design can facilitate easy deconstruction at the end-of-life phase of built assets. The 
added costs from such early engagements could be justified by the potentially higher 
values of the assets at their end of life. The demolition and aggregate recycling firm 
in the UK explained:

…when a project team get together to build a structure, they should be talking to the people 
that might remove that structure at the end of its life. From a waste point of view, and a 
deconstruct point of view.—DC-RC-01 [Participant 2]

Collaborations with material certification agencies are also important in a post- 
Grenfell era to ensure that new circular products are rigorously tested and certified 
to meet stringent safety and performance standards. The findings indicate a need for 
much wider collaborations than what Witjes and Lozano (2016) claimed should 
exist between procurers and suppliers. The results also indicate that strong industry 
leadership is required to facilitate circular economy transition in the construction 
supply chain. This could take the form of major clients specifying substantial 
amount of recycled content for their projects and constructing circular buildings as 
demonstration projects, which, according to Hossain et al. (2020), is still lacking, 
and even trade federations that support their member firms to build capacity towards 
circular economy transition. The Federation of Concrete Manufacturers (FCM- 
Participant 5) exhibited this strong leadership by providing support for member 
firms (including MCMP-01 and MCMP-02) to adopt circular business models. This 
support resulted in one of the participants (MCMP-02-Participant 7) developing a 
new drainage and paving product using waste seashells from the food industry sup-
ply chain.

Another critical success factor was the use of positive communication to chal-
lenge negative perceptions and mindsets about recycled and upcycled products, 
even amongst the supply chain firms themselves. Materials and products that are 
recycled from demolition waste will need to be branded for the benefits they offer 
as eco-materials and eco-products. This re-branding was beginning to yield some 
benefits as one participant explained:
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In Paris, eco-products are now beginning to be sold for more than natural products due to 
new generation of mindsets that are more environmentally conscious. The approach is to 
talk about a new eco-material and eco-product and not recycled waste materials. The wider 
public do not trust materials that are recycled from waste. The assumption is that since it is 
not a natural material, I will pay less for it. It is a matter of communication.—DC-RC-REM 
[Participant 10]

Demolition firms will also need a mindset shift from demolition and waste manage-
ment firms to deconstruction specialists, resource managers and urban miners. 
Virlanuta et al. (2020) revealed that behavioural challenges can affect circular econ-
omy transition and will have to be overcome. From the results, positive communica-
tion strategies and a change in mindsets will be needed to overcome some of the 
psychological and behavioural drawbacks. Other critical success factors that were 
expressed by participants were the availability of secondary resources in commer-
cial quantities within the local geographical area, the need to be flexible in outlook 
to continuously develop circular innovations and the need for maturity of the market 
for circular products to achieve a critical mass for greater demand. Since the com-
mercial availability of secondary resources will continue to be critical for construc-
tion supply chain firms that are into recycling, there is scope to utilise digital and AI 
tools that help to map and predict secondary resources availability in terms of vol-
umes and time. The use of digital and AI platforms to drive circular economy has 
already been acknowledged in previous studies (Ellen MacArthur Foundation, 
2019; Honic et al., 2019). However, the findings from this study imply that such 
tools will be needed not only for tracking materials for recycling but also for sup-
porting the high levels of collaboration that is needed to drive circular economy 
transition within the construction supply chain context. A typical example is the 
Upcyclea platform in France, which is an AI-powered digital platform that connects 
different partners with material flow data to facilitate the efficient management of 
circular resources.

4.5  Conclusion

The above study provides insight into the views of organisations that have already 
embraced circular economy transition in the construction supply chain. The find-
ings have revealed nine critical success factors for circular economy transition: (1) 
maturity of markets for circular products; (2) flexible business models that allow for 
innovation; (3) change in mindset and communication strategy; (4) minimising 
costs of secondary production; (5) collaboration amongst industry stakeholders; (6) 
flexible regulations and standards that embrace innovation; (7) industry leadership; 
(8) design for deconstruction; and (9) availability of resources in commercial quan-
tities. It is also evident that the collaboration needed amongst industry stakeholders 
to drive circular economy transition in the construction supply chain is enormous. 
These collaborations will need to extend beyond the conventional construction sup-
ply chain identified by Cox et  al. (2006), to include wider stakeholders like 
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regulatory and certification bodies and insurers (for instance, where new circular 
products are being used) and lawyers (to draft contracts that incorporate circular 
economy requirements). There is the need for major clients with high purchasing 
power to take lead in driving such collaborations by specifying circular economy 
requirements and targets as part of their tenders. These tender requirements will 
most likely drive collaborations between the clients, deconstruction specialists and 
designers at the early stages of projects. The findings in this study also imply that 
economic incentives that minimise secondary production costs (e.g. tax breaks and 
subsidies for circular adoption and higher taxes for virgin resources) can be used by 
policymakers to encourage circular economy transition in the construction sup-
ply chain.

The present study is not without limitations. First, despite the range of circular 
business models that exist, all the participants in this study had only implemented 
two of the circular business models, which relate to recycling and upcycling of 
waste. Secondly, whilst the study sought to generate views from construction supply 
chains across two countries (UK and France), there were only three participant 
organisations from the UK.  Further transnational studies can be undertaken to 
understand how construction supply chains in other countries are transitioning 
towards the circular economy. Finally, the output from the analysis cannot be gen-
eralised given the qualitative exploratory nature of the study. There is the need for 
further research on critical success factors for circular economy transition in the 
supply chain that is based on quantitative and generalisable methods.
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Chapter 5
Efficient Management of Environmental 
Control Within Electrical Substations

Mark Collett, William Swan, Richard Fitton, and Matthew Tregilgas

5.1  Introduction

Electrical substations are critical infrastructure assets enabling the transmission and 
distribution of electricity. There is a requirement to maintain specific environmental 
conditions of humidity and temperature to protect the equipment housed within the 
substations. To better understand how to efficiently obtain these conditions, distri-
bution network operator (DNO) Electricity North West Limited (ENWL) have part-
nered with the University of Salford to undertake this study. This research aims to 
evaluate the existing methods of environmental control in electrical substations and 
identify, implement and measure the effectiveness of interventions to improve the 
efficient management of environmental control within electrical substations.

ENWL own and operate 558 substations where this environmental control is 
required. The associated energy consumption with these assets is 10.5 million kWh/
annum. In the UK it is estimated there are over 5000 substations where this form of 
environmental control is applicable (Energy Networks Association, 2015). ENWL 
wish to improve the efficiency of environmental control systems to reduce this 
energy consumption as well as the associated CO2 emissions. Furthermore, a more 
critical benefit is that obtaining more compliant environmental conditions will 
reduce the risk of damage to electrical distribution equipment from occurring, the 
effects of which can be catastrophic, including damage to the electricity network, 
loss of electricity supply to thousands of customers or serious injury.
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5.2  Literature Review

5.2.1  Substations

An electrical substation is a subsidiary station of a distribution system where volt-
age is transformed from high to low, or the reverse, using transformers and/or where 
circuit switching takes place (Ofgem, 2017). There are multiple categories of sub-
station defined by the voltage levels at which they operate. The categories relevant 
to this research are grid and primary assets. In a primary substation, both the pri-
mary voltage (33 kV) and secondary voltage (11 kV or 6.6 kV) are high voltage 
(Ofgem, 2017). A grid substation operates a primary voltage of 132 kV to a second-
ary voltage of 33 kV. For the purposes of this paper, substations refer to grid and 
primary assets unless stated otherwise.

To understand what is typical of the substation population, asset management 
data from ENWL was analysed to identify the most popular criterion for various 
building aspects of the substation population (Electricity North West Limited, 
2018a). This is summarised in Table 5.1.

A substation that embodies the criteria listed in Table 5.1 is Pendleton primary. 
An aerial image of this substation is shown in Fig. 5.1.

5.3  Required Environmental Conditions and Approach 
to Environmental Control

Within substations there is a need to maintain a low humidity environment to inhibit 
corrosion of the electrical assets and prevent partial discharges occurring. Partial 
discharges (PD) are electrical discharges occurring inside or on the surface of elec-
trical insulation materials caused by high-voltage electrical stressing of the insula-
tion system when equipment is energised. When PD occurs it emits energy as light, 
heat, sound and gaseous discharge, such as ozone and nitrous oxides (Byrne, 2014). 
Research completed from EA Technology (Byrne, 2014) and Chongqing University 
(Meng et al., 2013) has demonstrated that in high humidity environments partial 
discharge is more likely to occur. The effects of partial discharge can be significant, 

Table 5.1 Analysis of ENWL substation population

Building aspect
Most popular 
criterion

Percentage of the substation population that this 
applies

Building type Standalone 96
Building construction Stone/brick 95
Roof type Flat 72
Roof construction Asphalt 67
Substation 
commissioned

1960s 41
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including equipment failures, danger to staff and the public and network failures. As 
such, it is in the interest of the substation operators to manage environmental condi-
tions accordingly.

In ENWL substations, a target of 50% relative humidity (RH) is required in 
switch rooms and control rooms (areas where distribution equipment is housed). In 
these areas a minimum temperature of 10 °C is required to enable dehumidification 
systems to function. Further conditions to be obtained in the substation are a boosted 
temperature of 15  °C to provide thermal comfort for operatives working in the 
building and a minimum temperature of 5  °C in WC areas to prevent freezing 
(Electricity North West Limited, 2007).

These conditions are obtained through a combination of dehumidification and 
heating. Condensate dehumidifiers such as the EBAC CD30e or CD100e are used 
with electric convector heaters (Electricity North West Limited, 2007). The heaters 
are controlled through a Sangamo Power Saver PSB 01 thermostat (Electricity 
North West Limited, 2018b). A temperature of 12 °C is set as a safety factor to avoid 
the minimum of 10 °C being reached.

The EBAC dehumidification units operate in a condensing cycle to remove mois-
ture from the air. In this process moist air is passed over cooling coils to lower its 
temperature past its dewpoint (step 1), at this stage the water content in the air is 
condensed, and it is drained away from the process. The cooled air is then heated to 
lower the specific humidity, ω and RH to the desired level (step 2) (Struchtrup, 
1988). The conditioned air is then returned to the room (step 3). This process is 
visualised in the psychrometric chart shown in Fig. 5.2.

The warmer the air, the greater the cooling that occurs and hence the more effec-
tive removal of moisture can occur. Whilst no data on the effect of temperature is 
available for the EBAC units utilised, similar systems state a reduced moisture 

Fig. 5.1 Pendleton Primary Substation
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extraction rate with temperature by approximately 60% from 30  °C to 12  °C 
(Dantherm, 2016).

The EBAC units state their extraction rate as 10 and 30 litres/day for the CD30e 
and CD100e units, respectively. This extraction rate is given at a 30 °C, 80% RH, a 
condition that will give a maximum extraction rate due to the high RH and tempera-
ture allowing for significant cooling of the air in the condensate cycle. This is a 
condition that rarely occurs in the UK so is likely overstating the systems’ extrac-
tion rate in regular conditions. They also state effective volumes of 85 m3 (CD30e) 
and 300 m3 (CD100e)(EBAC, 2019).

Dehumidification demand, expressed in mass of moisture to be removed in a 
given time, can be calculated through use of Eq. (5.1) (Narayan et al., 2019):

 D Vn� �� �� � �1 2  (5.1)

Where D is dehumidification demand (kgh−1), ρ is air density (kgm−3), V is volume 
of space (m3), n is air change rate (h−1), ω1 is the specific humidity of the ambient 
unconditioned air and ω2 is the required specific humidity of the conditioned air 
(kgwater kgair

−1).
The air change rate, n, is not easily measured. However, it can be estimated 

through an air permeability test where a building is pressurised and the flow rate of 
the fan recorded to determine the air change rate at 50 pascals pressure difference. 
Whilst this figure is not representative of the air change rate at normal conditions, it 
can be extrapolated to estimate an average air change rate through analytical means 
(Sherman & Grimsrud, 1980) or through computational modelling.
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The stated effective volumes of the EBAC units are used when selecting systems 
for deployment in substations. It is not clear what air change rate has been assumed 
from the manufacturer in the determination of these volumes nor what target RH is 
applied. Unlike other commercial buildings, air permeability is not a specified 
design criterion of substations; hence prior to this research, air permeability testing 
is not a procedure carried out in substations.

There is often a difference between predicted energy performance and actual 
energy use; this phenomenon is known as a performance gap and is well known to 
occur in non-domestic buildings (van Dronkelaar et al., 2016). Causes of perfor-
mance gap can be the limitations of measurement systems caused by placement of 
sensors and calibration issues such as sensor drift, the change of measured value 
from a given input over time (Sawhney, 1985).

This approach to environmental control and its effectiveness in substations is to 
be evaluated through the following method to understand its effectiveness, where 
efficiencies can be gained and if any performance gap is present.

5.4  Research Review and Methodology

The efficient management of environmental control is researched through a case 
study method. Case studies are beneficial in exploring subjects and issues where 
relationships are ambiguous or uncertain (Gray, 2018). The relevant engineering 
concepts such as building performance, building fabric and efficiency of mechani-
cal/electrical systems are well established; however there is no known research in 
their application to substations.

5.5  Research Method

Three substations that are archetypal of the substation population displaying the 
criteria identified in Table 5.1 were selected for investigation as case studies. The 
substations identified were Pendleton, South East Macclesfield and Windermere.

5.5.1  Environmental Monitoring Campaign

To understand the effectiveness and energy demand of the existing environmental 
control systems, an environmental and energy monitoring campaign was under-
taken prior to interventions being delivered. A Monnit ™ wireless sensor system 
was installed in each substation. Temperature and RH sensors were fixed in each 
room of the substation at both high and low levels to account for stratification. 
Current meters were installed on all relevant electrical circuits for the environmental 
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control systems. On the exterior of the substations, a weather station was installed 
to capture the external environmental conditions. These sensors are pictured in 
Fig. 5.3. All control settings for heaters and dehumidifiers were checked as being in 
line with ENWL’s policy when the monitoring equipment was installed.

For the sites where a full year’s data was not available, the monthly average was 
used to estimate a full year’s data for dehumidification demand. For heating demand, 
data was extrapolated against heating degree day data to estimate a full year’s 
demand (CIBSE, 2006).

To determine the approximate heating demand required for the sites, a computa-
tional thermal model was produced using design builder software. U values of the 
building elements were taken through U value measurement in line with ISO 9869 
(BSI, 2014) where possible, but estimations based on the construction of the build-
ing fabric and age of the asset were made. Air permeability was calculated via a 
blower door test in line with ATTMA TSL2 technical standard (ATTMA, 2010).

Dehumidification demand was calculated by using Eq. (5.1). The following vari-
ables were used:

• V is the total conditioned volume of the substation in m3.
• n is the average air change rate calculated through the computation model 

in hour−1.
• ω1 is 0.00670 kgwater kgair

−1 the associated specific humidity with 12.0 °C, 77%RH 
(determined as average ambient climatic conditions through 1 years 
monitoring).

• ω2 is 0.00434 kgwater kgair
−1 the specific humidity achieved when lowering the RH 

of ambient air to the target 50%.
• ρ is the density of air is taken as 1.21 kgm−3.

To determine the associated annual energy demand, this was equated to the 
power demand of 0.46 kW and extraction rate stated in the EBAC data sheets. The 

Fig. 5.3 Remote Environmental and CT Sensors
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extraction rate was reduced by 60% to 0.17 kg h−1 accounting for the reduced tem-
perature at which they are deployed.

Example calculation for Pendleton substation:

 D Vn� �� � � � � � �� � �� � �1 2 1 21 253 476 0 502 0 00670 0 00434 0 363. . . . . . kgh��1
 

 Annualmoisture removal rate kgyear� � � � �0 363 24 365 3 183 04 1. , .  

 

Associated annual energy demand
     kgyear kgh� ��3 183 04 0 171, . . �� � �1 0 46 8 612 93. , .kW kWh  

5.5.2  Interventions

To improve the performance of the buildings, a series of interventions were derived 
from the following principles: reducing undesirable air infiltration, segregation of 
conditioned and non-conditioned spaces, lowering the thermal conductivity of 
building fabric and replacing heating control systems. Consideration to the cost of 
interventions was necessary to comply with budget constraints. These are listed as 
follows and pictured in Fig. 5.4.

 •  Pendleton

Existing roof covering is removed and replaced with insulated warm roof.
Remedial work to the interior to improve air permeability: filling unused cable 

ducts/penetrations, sealing around door frames and repointing brickwork.
Rigid insulation boards were used as a trench splitter system acting as a thermal 

and moisture barrier between the cable trench and the conditioned space above.
Replacement thermostats installed.

 •  Windermere

An insulated partition was constructed between the conditioned control room and a 
now decommissioned area that is no longer heated or humidity controlled.

Fig. 5.4 Installed interventions pictured
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Existing ventilation points were blanked with plywood and sealed with a silicone 
bead. These are thought to be installed as part of the original construction prior to 
the requirement of humidity control in substations and hence no longer required.

Remedial work to improve air permeability: sealing of door frames and cable 
trench space.

Replacement thermostats installed.

•   South East Macclesfield

Existing ventilation points were blanked with plywood and sealed with a silicone 
bead. These are thought to be installed as part of the original construction prior to 
the requirement of humidity control in substations and hence no longer required.

Remedial work to improve air permeability: sealing of cable ducts and 
door frames.

Replacement thermostats installed.
The effectiveness of these measures in terms of reducing heat demand was cal-

culated through inputting the interventions into the thermal models where possible. 
Follow-up air permeability tests were undertaken and the results used to determine 
reduced dehumidification demand.

5.6  Research Results

Table 5.2 shows the heating demand for the three substations. The demand is shown 
as calculated through the computational modelling for the untouched substation, as 
measured through the CT sensors and as calculated with interventions applied.

Table 5.3 shows the dehumidification demand for the three substations. The 
demand is shown as calculated through Eq. (5.1), as measured through CT sensors 
and as calculated with interventions applied.

Table 5.4 shows the volume weighted average environmental conditions recorded 
within the conditioned areas of the three substations. Where cells are blank monitor-
ing equipment was yet to be installed.

Table 5.2 Substation heating demand

Substation
Baseline calculated 
heating demand (kWh)

Measured heating 
demand (kWh)
(% ± against 
calculated baseline)

Calculated enhanced 
heating demand (kWh)
(% ± against calculated 
baseline)

Pendleton 2,740 4,433 (+62%) 904 (−67%)
Windermere 1,746 13,018 (+646%) 1,296 (−26%)
South East 
Macclesfield

9,277 27,188 (+193%) 8,483 (−9%)
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Table 5.5 shows the overall potential savings from the interventions as well as 
associated costs and payback period.

The main theme from the results is a performance gap between the heating and 
dehumidification demand calculated and as measured. This is leading to over and 
under-conditioning of temperature and humidity levels. Interventions are shown to 
decrease the calculated demand of environmental control systems.

Table 5.3 Substation dehumidification demand

Substation

Baseline calculated 
dehumidification demand 
(kWh)

Measured 
dehumidification 
demand (kWh)
(% ± against calculated 
baseline)

Calculated enhanced 
dehumidification demand 
(kWh)
(% ± against calculated 
baseline)

Pendleton 8,613 7,381 (−16%) 5,971 (−31%)
Windermere 11,382 3,125 (−73%) 6,112 (−46%)
South East 
Macclesfield

10,542 6,255 (−42%) 5,304 (−50%)

Table 5.4 Substation environmental conditions

Month

Pendleton Windermere South East Macclesfield
High Low High Low High Low
°C % RH °C % RH °C % RH °C % RH °C % RH °C % RH

Apr-19 19.7 41.7 18.1 49.2
May-19 19.5 47.1 18.3 53.0
Jun-19 20.6 49.6 19.5 56.4
Jul-19 24.9 48.1 23.4 55.1 24.3 57.1 22.8 62.9
Aug-19 23.6 49.8 22.3 57.7 20.3 60.9 19.0 66.4 23.5 55.3 22.0 61.2
Sep-19 20.5 51.1 19.5 57.6 17.8 62.3 16.4 68.5 22.5 52.8 20.9 58.8
Oct-19 16.8 56.8 15.7 65.1 17.0 58.4 14.4 68.9 20.5 52.0 18.8 58.1
Nov-19 13.5 58.3 12.1 67.4 15.4 50.3 11.8 63.3 18.7 49.0 16.7 56.0
Dec-19 12.4 56.9 10.8 67.5 14.8 50.7 11.0 65.5 18.2 47.8 16.1 55.1
Jan-20 12.2 56.6 10.8 67.5 14.9 51.8 11.1 67.0 18.8 45.7 16.5 53.3
Feb-20 11.8 58.9 10.6 69.5 14.5 53.0 10.8 68.1 18.7 43.7 16.4 51.1
Mar-20 13.5 57.4 12.2 70.6 15.6 51.5 12.5 64.1 19.4 40.5 16.8 48.1

Table 5.5 Total savings and simple payback analysis

Substation
Potential savings—heating and 
dehumidification (kWh)

Cost of 
interventions

Payback period 
(years)

Pendleton 4,939 £7,260 9.4
Windermere 8,735 £3,220 2.4
South East 
Macclesfield

19,656 £4,674 1.5
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5.7  Discussion

Table 5.2 shows the recorded heating demand for all three sites is significantly 
greater than that calculated through the thermal models. This is an example of per-
formance gap occurring driven by sensor drift in the heating controls, meaning that 
they are unable to maintain a specified set point. As such despite a set point of 12 °C 
set on the thermostats, Table 5.4 demonstrates that through the winter months both 
Windermere and South East Macclesfield have been heated beyond this with aver-
age temperatures as high as 18.2 °C recorded in December 2019. Additionally, the 
WC area in Pendleton is noted to be heated excessively; as this is not a conditioned 
area, this is not accounted for in Table 5.4. However, the average temperature in 
December 2019 was 23.3 °C. The sensor drift causing this performance gap can be 
caused by deterioration of components inside the sensor over time.

Table 5.3 shows the substation dehumidification demand is significantly less 
than that calculated analytically. The corresponding RH values in Table 5.4 show 
that for substantial periods of the monitoring period, the target of 50% RH is not 
met. This again shows a performance gap occurring. This is contributed to by place-
ment of control humidistats for the dehumidification systems. In several cases the 
control humidistat is positioned directly adjacent to the dehumidifier. This causes 
the space immediately surrounding the unit to be conditioned, but the remainder of 
the room does not reach the required RH. This can occur both longitudinally and 
latitudinally, possibly contributing to the stratification of RH demonstrated in 
Table  5.4. This could be resolved by improved placement of the humidistat and 
improved distribution of the conditioned air. It is noted that newly commissioned 
substations are fitted with multiple humidistats to combat this although the dehu-
midification in the three substations analysed have a single humidistat only.

Further exacerbating the under-conditioning and performance gap is the effect of 
temperature and moisture removal capacity of condensate dehumidifiers. Pendleton 
shows higher RH in the winter months than those recorded in summer. Alternative 
dehumidification systems that use a desiccant material to extract moisture are not 
affected as significantly as condensate systems and are to be investigated as fur-
ther work.

Table 5.2 shows a reduction in calculated heating demand across all three substa-
tions with interventions applied. It is most significant proportionally at Pendleton 
where significant investment was made in the enhancement of the roof with insula-
tion reducing conductive heat loss through the building fabric. For Windermere and 
South East Macclesfield, significant reductions against the calculated baseline are 
recorded through mostly enhancing the air permeability through low-cost remedial 
works. However, the savings associated with avoiding excessive heating by replac-
ing existing controls with accurate controls is significant and proportionally would 
be greater than the savings associated with the enhancement measures across all 
three sites.
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Table 5.3 shows the interventions installed have a significant effect on reducing 
the calculated dehumidification demand. This is due to air permeability improve-
ments reducing the air change rate that is proportional to the dehumidification 
demand. These benefits would result in more compliant environmental conditions 
as infiltration of unconditioned air is reduced. However, to consistently obtain said 
conditions, the humidity controls should be enhanced to ensure the entirety of a 
space is conditioned; this would in turn increase consumption but is necessary for 
the purposes of obtaining the required environmental conditions.

Table 5.5 shows that significant savings are possible in all three substations from 
the interventions derived and applied. It is noted that the costs of the replacement 
roof covering at Pendleton are excluded. This is as the works were primarily required 
as a maintenance activity and, although the addition of insulation is enhancing the 
performance of the building, splitting the costs of the improvement from the main-
tenance activity is complex. All sites demonstrate a payback period of under 
10 years.

5.8  Conclusions

The environmental condition data obtained shows that the three substations anal-
ysed are largely being over-conditioned in temperature and under-conditioned in 
respect of RH creating a performance gap. The overheating is caused by sensor drift 
in the heating controls resulting in significant unnecessary energy consumption. The 
under-conditioning of humidity means the electrical equipment within the substa-
tions analysed is at a higher risk of PD occurring as the target of 50% RH is not met. 
The environmental monitoring of the sites has provided a calibration check on the 
existing environmental control systems and demonstrated that they are not operat-
ing efficiently.

The interventions delivered show that significant reduction in heating and dehu-
midification demand is achievable and can result in savings of over 19,000kWh/
annum and are able to achieve payback periods of under 10 years. These interven-
tions and subsequent energy savings are demonstrated as effective in improving the 
efficient management of environmental control within substations.

A limitation of the work is that monitoring results analysed are currently pre- 
intervention only. As further works, continued energy and environmental monitor-
ing is to be conducted to verify the benefits of the installed interventions. 
Additionally, an alternative dehumidification system is to be investigated, and the 
research will expand to cover the assessment of a Net Zero Carbon substation cur-
rently being constructed by ENWL.
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Chapter 6
Nearly Zero-Energy Buildings (nZEB) 
and Their Effect on Social Housing 
in Ireland: A Case Study Review

Joseph Glennon, Michael Curran, and John P. Spillane

6.1  Introduction

Housing is vital to everyone, to our economy and environment, whilst representing 
so much more than just a place to live (Hills, 2007). For more than a century, social 
housing has offered individuals and families a home that they need, and the 
foundations of social housing provision in Ireland can be traced back to the 
mid-1800s (Norris, 2005). Statistics from the Irish Council for Social Housing 
(2013) identify that social housing accounts for almost 10% of Irish homes. 
Furthermore, 75% of these dwellings are procured and managed directly by local 
authorities (Central Statistics Office, 2006), with the majority of funding derived 
from direct government grants (Norris & Fahey, 2011). Scanlon et al. (2015) support 
that social housing has been an important part in housing provision for many 
decades, regarding both new build and regeneration but also in providing adequate 
affordable housing for a wide range of citizens. However, Reeves et al. (2010) argue 
that, in the coming decades, there will be considerable challenges in achieving deep 
cuts in carbon emissions from existing housing stock, as part of the global effort to 
combat climate change. Climate change is predicted to have a negative effect on the 
world unless proper mitigation measures are implemented (IPCC, 2014). To combat 
these issues, Moran et al. (2020) note that buildings in the European Union (EU) are 
now being designed and constructed to tighter building standards and codes. One 
key measure aimed at reducing energy consumption in buildings is the mandatory 
introduction of nearly zero-energy buildings (nZEB) (Attia et al., 2017).
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An nZEB is a building with a very high energy performance, and the nearly zero 
or very low amount of energy required should be covered to a very significant extent 
by energy from renewable sources produced on site or nearby (D’Agostino & 
Mazzarella, 2019). Kurnitski et al. (2011) support that an nZEB is estimated to use 
at least two to three times less energy compared to standard buildings. The Irish 
Green Building Council (2018) states that EU legislation requires all new buildings 
to be nZEB by 31 December 2020 and all buildings acquired by public bodies by 31 
December 2018 (EPBD, 2010). Goggins et al. (2016) argue that there is a great deal 
of research available in literature on reducing the impact of the energy associated 
with the operational stage of a building’s lifecycle. However, on review, the literature 
fails to acknowledge and highlight the integration of nZEB and social housing, 
particularly within an Irish context. Therefore, it is necessary to identify and evaluate 
the emergence of nZEB standards and regulations in Ireland and their cost- 
effectiveness and compliance with social housing construction projects. To address 
these issues and to fulfil a succinct but prevailing gap in an emerging research area, 
it is imperative to provide results based on actual events that emerge, when studying 
a complex environment such as the construction of social housing in Ireland. Thus, 
concentrating on a relevant area of interest, the aim of this study is to evaluate if 
social housing in Ireland can comply with new nZEB standards, without increasing 
the cost of construction. This is achieved by undertaking a sequential mixed method 
approach, incorporating a combination of both qualitative and quantitative 
techniques for analysis, including a literature review, semi-structured individual 
interviews, a focus group seminar and a questionnaire survey. In addressing this 
aim, it is anticipated that this study will assist both industry practitioners and 
policymakers in identifying how nZEB standards can positively and financially 
assist in the construction of social housing projects in Ireland.

6.2  Nearly Zero-Energy Buildings and Social Housing

Across Europe, Salem et al. (2019) identify that various studies have considered 
whole building retrofit on new and existing case studies to reach nZEB standards. 
Lindkvist et al. (2014) investigate the barriers and challenges to nZEB projects in 
Sweden and Norway; Bahadori-Jahromi et al. (2018) explore the retrofit of a UK 
residential property to achieve nZEB standard; and Cortiços (2018) researches 
social housing and nZEB within a Portuguese context. In Ireland, there have been 
some publications investigating the potential for the voluntary Passive House (pH) 
standard (Colclough et  al., 2011; Clarke et  al., 2014), which is another recent 
energy-efficient methodology; however, few have considered nZEB standards and 
the costs associated with social housing in particular. When constructing a standard 
residential dwelling to the minimum Irish current building regulations compared to 
an nZEB standard built using pH methods, Colclough et al. (2018) identify a saving 
of just €130 by constructing to nZEB standard (€114,862 vs. €114,992). Attia et al. 
(2017) argue that nZEB require high-quality construction through new specialised 
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construction technologies, and the use of energy efficient technologies and materials 
is necessary. Silva et al. (2015) support that the know-how of professionals that are 
able to deal with new technologies and standards is a barrier, and the construction 
quality is a serious challenge (Ford et al., 2007). In an N. Irish study, Colclough and 
McWilliams (2019) identify that a three-bed social house (compliant with UK 
building regulations) costs £7536 to upgrade to energy efficiency multiplier (EEM) 
standards but costs £10,374 when upgrading to pH standard. Extra costs include 
increased air tightness and insulation levels, a heat recovery and ventilation system, 
high-performing windows and doors and using gas central heating. Cost reductions 
are achieved via the elimination of a traditional heating system, chimney stack and 
reduced site overheads.

However, Dalla Mora et al. (2018) argue that higher initial investment costs will 
equate to lower primary energy use, thus, providing a cost saving over time. 
Moreover, barriers to the implementation of nZEB do exist, even though governments 
are promoting energy-efficient buildings (Ralph, 2012). Blomsterberg (2012) notes 
that there are ambiguities, even though legislation is moving towards implementation 
of nZEB targets, and Lindkvist et al. (2014) substantiate that nZEB only address 
new buildings, and there are no clear plans for nZEB renovations. Aelenei et al. 
(2015) discuss many barriers to nZEB including high initial costs of investments, 
long payback time of investments, limited technical skill in the decision process, 
lack of awareness concerning economic benefits and uncertainties considering the 
measurement and verification of nZEB. Attia et al. (2017) believe that countries are 
poorly prepared for nZEB, and from an economic standpoint, renovation of existing 
buildings to nZEB is far more expensive than a regular build (Dalla Mora et al., 
2015). In their study of Irish retrofit industry professionals and nZEB, Zuhaib et al. 
(2017) found that 90% of respondents recorded ‘cost involved’ as the driving factor 
for their choices in nZEB construction. Furthermore, Curtin (2009) concurs that 
high upfront costs and homeowners’ reluctance for long-term cost savings over 
short-term expenditures are key barriers to nZEB in Ireland. Nevertheless, Aelenei 
et al. (2015) argue that nZEB bring many benefits, including energy cost saving, 
lower dependence on energy suppliers, improved comfort, tax deductions, low 
interest loans and best practices related to renovation to nZEB. Colclough et  al. 
(2018) outline the potential of nZEB and social housing in Ireland through their 
study on nZEB and PH standards, providing a foundation to expand the knowledge 
area further within the context of this research. As building standards continue to 
improve in the EU, the introduction of statutory nZEB legislation will not only 
benefit Ireland but many countries in Europe and beyond.

6.3  Research Method

This study is part of a primary investigation which aims to contribute to both indus-
try and academia. A mixed method is adopted, as Creswell (2014) believes that 
when an inquirer combines both quantitative and qualitative methods, it provides a 
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better understanding of the problem than using either method alone. On completion 
of an informative literature review, the research method adopted consists of case 
study analysis, including two exploratory individual interviews and one focus group 
seminar, with a variety of construction professionals based on social housing devel-
opment projects situated throughout Ireland. The selection of the three case studies 
was based on a combination of criterion and convenience sampling strategies: 
firstly, by identifying construction projects that were social housing developments, 
and, secondly, by arranging interviews and focus groups depending on the partici-
pants’ availability at the time of each visit. Similarly, the case study approach is 
chosen as Yin (2014) suggests it is the most suitable for the ‘how’ and ‘why’ research 
questions. McIntosh and Morse (2015) recommend a semi-structured interview for-
mat, as it determines people’s subjective reactions to situations, thus, extending the 
researcher’s knowledge on the topic.

From an ethical perspective, the participants are informed of the nature of the 
research, its purpose and what the resultant data will be used for, prior to 
commencement of interviews. The identities of those involved remain anonymous, 
and confidential information such as company names, addresses, client details, etc. 
are not disclosed. Case A consists of a new social housing development scheme 
with 18 dwellings in the Leinster region, and the interviewees include a site manager 
with 12 years of experience, a contracts manager with 15 years of experience and a 
quantity surveyor with 9  years of experience. Case B is a new social housing 
development scheme with 22 dwellings also in the Leinster region, and the 
interviewee is a graduate engineer with 2  years of experience. Case C is a 
refurbishment project of a social housing development in the Munster region, and 
the interviewee is a project manager with 20 years of experience. In this case study, 
the refurbishment entails the transition of open fires to central heating systems. 
Cases A and B are live projects, and Case C is recently completed. Following the 
interviews, a questionnaire survey was distributed to various construction companies 
to further consolidate the findings. Questionnaires are a widely used means of 
collecting data, and it is an easy way to get responses from many people 
(Rowley, 2014).

6.4  Results and Analysis

The interviews and focus groups commenced by gaining general background infor-
mation about each participant and their relevant case study, followed by a discus-
sion on nZEB and social housing in Ireland. Findings from the interviews, focus 
group and literature review were then combined to generate the questionnaire sur-
vey, and this was circulated out to industry. All the resultant data from each research 
method was amalgamated and thematically analysed, identifying keywords, topics 
and themes for discussion. From the data gathered through the various research 
methods, the analysis concentrates on a range of key themes including materials, 
superstructure, mechanical and electrical (M&E) services, subcontractors, internal 
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plastering, preliminaries and time. In particular, three main types of social housing 
were discussed: standard houses with a heat pump, standard houses with solid fuel 
heating and new houses built to NZEB standard. Due to space limitations, a concise 
summary of their properties is illustrated in Table 6.1.

A cost comparison is undertaken between the three types of houses, and Table 6.2 
identifies where the cost differentiates between each type. It is worth documenting 
that the findings from the individual interviews, focus group seminar and question-
naire survey are specific to this research – thus, not a generalised view. Nevertheless, 
this study provides a foundation to advance and expand further, supporting continu-
ous research into nZEB and social housing construction projects in Ireland.

Table 6.1 Social houses built to various standards

Standard build with 
heat pump

Standard build with solid 
fuel heating

NZEB 
build

Thermal 
envelope

Type I (W/m2k) (W/m2k) (W/m2k)

Insulation U 
value

Roof 0.12 0.12 0.10

Ground floor 0.14 0.14 0.12
Walls 0.13 0.13 0.11
Windows and 
doors

1.20 1.20 1.00

Ventilation 
system

MVHR Natural ventilation MVHR

Heating system Heat pump Solid fuel Heat 
pump

DHW (hot 
water)

Heat pump Solid fuel Heat 
pump

Table 6.2 Cost comparison

NZEB 
build

Standard build with heat 
pump

Standard build with solid fuel 
heating

Superstructure € 6400 € 6400 € 6700
Windows € 8512 € 3735 € 3735
Insulation (wall) € 3168 € 1825 € 1825
Internal 
plastering

€ 10,000 € 8400 € 8400

Mechanical € 8400 € 8400 € 13,100
Electrical € 5900 € 5900 € 6500
Heating € 4400 € 4400 € 7000
Site overheads € 23,888 € 22,333 € 22,333
Insulation (roof) € 840 € 500 € 500
Attic hatch € 125 € 80 € 80
Total cost € 71,633 € 61,973 € 70,173
Cost difference € 9660 € 1460
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6.5  Discussion

6.5.1  Materials

The most prominent theme that emerged from both the individual interviews and 
focus groups seminar was the costs and sourcing of various materials needed to 
comply with nZEB standards. Goggins et  al. (2016) agree that more attention is 
being paid to the energy related to the production of the materials used to create and 
maintain buildings. Some key elements that were highlighted in the focus group 
seminar included the insulation of walls and floors, and a debate surrounding dou-
ble- and triple-glazed windows. The quantity surveyor was able to explain in detail 
the costs involved on new houses being built to nZEB standard. In a standard build, 
insulation with partial fill of 100  mm in a 140  mm cavity costs approximately 
€1825, whereas in an nZEB, insulation fully filled in a 150 mm cavity costs €3170, 
resulting in an extra €1345 when building to nZEB standard. Regarding the dimen-
sions discussed, the nZEB uses 150 mm insulation in its substructure at a cost of 
€1650, compared to the standard build which uses just 100 mm insulation at cost of 
€1100, resulting in an extra €550 when building to nZEB standard.

Attic insulation uses three layers of 200 mm quilt insulation in an nZEB, costing 
€840 to supply and fit. In a standard build, two layers of 200 mm quilt insulation are 
used, costing €500 to supply, resulting in an extra €340 when building to nZEB 
standard. Triple-glazed windows fitted in an nZEB cost approximately €8500, and 
double-glazed windows in a standard build cost approximately €3750, resulting in a 
massive difference of €4750. Additionally, attic hatches of the dwelling units were 
also discussed. An attic hatch for an nZEB must be air-tight and costs €125 extra to 
install, whereas a standard attic hatch which is sufficient in a traditional build costs 
€80, resulting in an extra €45 when considering nZEB. In Case A, this amounts to 
an extra cost of €810 when installing across 18 units. The questionnaire supports the 
premise that materials for nZEB construction is more expensive than standard 
builds, and 80% of the respondents concur that materials associated with nZEB will 
ultimately increase the overall cost of the project.

6.5.2  Superstructure

Another prominent theme shared by the interviewees was the superstructure. The 
interviewees stated potential savings can be made on the superstructure of a build 
when considering the necessity of a chimney. The site manager discussed how the 
provision of a chimney increases overall costs as a result of additional materials, 
time and labour. Colclough et al. (2018) support that extra costs are incurred on a 
standard dwelling compared to an nZEB dwelling, with the addition of a chimney. 
The contracts manager stated that including a heat pump to nZEB standard would 
cost €6400, whereas including a chimney in the superstructure for solid fuel would 
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cost €6700, thus, leading to a saving of €300 on an nZEB dwelling. Furthermore, 
87% of the questionnaire respondents agreed that overall the construction cost of a 
social house to nZEB standard would be less than a social house built to current 
standards.

6.5.3  Mechanical and Electrical (M&E) Services

The contracts manager argued that mechanical and electrical (M&E) services are 
one of the biggest costs to consider when constructing social housing and across all 
construction projects in general. In this instance, complying with nZEB standards 
resulted in cheaper M&E costs compared to a traditional build. The supply and 
fitting of a mechanical ventilation system incorporating mechanical ventilation with 
heat recovery (MVHR) costs €8400. Also, the price of buying and commissioning a 
heat pump costs €4400, and the electrical services of supplying and fitting cost 
€5900, totalling €18,700 in an nZEB build. On the other hand, in a traditional build 
with solid fuel heating, costs amount to around €13,100 for radiators and the supply 
and fitting of a solid fuel heater and cylinder. The electrical services cost €6500, and 
mechanical ventilation fans are also required at an extra cost of €800. This results in 
a total cost of €20,400 for M&E services in a traditional build and at a cost of €1700 
extra overall. These findings support the research of Colclough and McWilliams 
(2019), where M&E costs on social houses in Northern Ireland are considerably 
lower, when building to pH standard.

6.5.4  Subcontractors

The capabilities of subcontractors when complying to nZEB standards were another 
topic of discussion identified and highlighted. The graduate engineer remarked that 
some of the current subcontractors lack the skills and knowledge needed to 
implement nZEB standards. The Project Manager on the refurbishment scheme 
echoed these sentiments but added that training and educational programmes will 
have to be introduced if subcontractors are to fully comply with the statutory 
requirements of nZEB guidelines. Frappé-Sénéclauze (2015) identifies similar 
issues, stating difficulty in finding trained trades and subcontractors for pH 
construction. Regarding cost, 75% of the questionnaire respondents believe that the 
price and costs associated with subcontractors would rise when constructing an 
nZEB.  However, the interviews identified that, in some cases, the price of 
subcontractors can be less in certain areas when considering an nZEB. The quantity 
surveyor suggested that the price of block layers and M&E subcontractors are less 
in an nZEB than they are in standard build with oil heating. On the other hand, 
subcontractors such as window fitters and attic insulators almost always cost more 
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when it is an nZEB.  The contracts manager believed that choosing the correct 
subcontractor can have an effect on overall costs, supporting Clarke and Herrmann 
(2004) who state that construction firms can profit from subcontractors.

6.5.5  Internal Plastering

Plastering of the internal walls was highlighted by some of the interview partici-
pants, and they claim that this can affect the outcome of pricing between an nZEB 
and a standard build. In a standard build, the internal studs are covered with a 
12.5 mm slab, and the walls are taped, jointed and skimmed for €8400. In an nZEB, 
all internal studs have insulation at the higher cost of €10,000; however in the long 
term, this provides a better insulated wall. Evola et al. (2014) found that the type of 
plaster along with the type of brick can provide a cost-effective design solution in 
residential nZEB buildings.

6.5.6  Preliminaries

All of the interviewees noted that the cost of preliminaries would be higher when 
introducing nZEB standards, complementing the work of Colclough et al. (2019). 
Preliminaries on a social house with nZEB standard cost approximately €23,900 per 
unit, compared to approximately €22,300 for a house built to traditional standards, 
resulting in the nZEB being €1600 more expensive. 80% of the questionnaire 
respondents also agreed that preliminaries of an nZEB would be higher than a tra-
ditional build.

6.5.7  Time

Along with increased costs, some of the interviewees noted that increased time 
taken to complete projects is associated with nZEB construction, compared to 
standard builds. The site manager cited extra work involved in the attic insulation, 
cavity insulation and time taken to produce and install triple-glazed windows 
compared to double-glazed. Colclough and McWilliams (2019) support that, in pH 
standard construction, extra time is required by experienced teams to provide extra 
detailing on certain elements of construction. Furthermore, 80% of the questionnaire 
respondents agreed that building social housing to nZEB standard will increase both 
time and costs, compared to traditional construction.
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6.6  Conclusion and Recommendations

Essentially, this exploratory study focuses on the emergence of nearly zero-energy 
building (nZEB) standards and regulations and their potential cost-effectiveness and 
compliance with social housing construction projects in Ireland. EU legislation 
requires all new buildings to be nZEB by the end of 2020 and all buildings acquired 
by public bodies by the end of 2018. Therefore, it is the responsibility of construction 
companies, governments and all associated stakeholders that nZEB standards are 
adhered to in all future construction projects. This study concentrates on social 
housing projects in particular and to establish if houses can be constructed to nZEB 
standard without increased costs. The research compares a new house to nZEB 
standard against a traditional standard build with a heat pump and another traditional 
standard build with solid fuel heating. Considering the results captured from the 
case studies and data analysis, a range of cost-effective solutions is identified. 
Regarding the superstructure, construction of an nZEB dwelling saves €300 as there 
is no need for a chimney, €1700 is saved for M&E services, and €2600 is saved for 
heating, as less work is required fitting heat pumps compared to fitting solid fuel 
appliances. However, in other areas of construction, complying to nZEB standards 
costs considerably more, including windows (€4750), insulation (€550), internal 
plastering (€1600) and attic hatches (€45). Overall, the price of a new build social 
house per unit to nZEB standard is approximately €71,633, compared to the cheaper 
price of €61,973 for a standard build with a heat pump, and €70,173 for a standard 
build with solid fuel heating. Even though the price of an nZEB social house is more 
expensive in the short term at the construction stage, it has the potential to render 
financial savings in the long term, due to the quality of the overall build and use of 
energy efficient methods and materials.

However, the findings from the interviews and focus group are case study spe-
cific, and only a concise, subjective view of the topic is produced, not a generalised 
one. Nevertheless, this study provides a foundation to advance and expand into 
more detailed research and supports continuous investigation into the impact nZEB 
standards have on social housing construction projects in Ireland. As the new nZEB 
requirements are bound by EU legislation, the results of this study are beneficial to 
countries all over Europe, not just Ireland. The findings in this paper can be devel-
oped further, where a broader analytical context can be addressed in a subsequent 
journal publication, and additional theoretical points of departure can be articulated. 
As there were only three case studies in review, it is recommended that more indi-
vidual interviews and focus group seminars are considered for qualitative analysis, 
and a sequential selection strategy is incorporated using criterion selection, such as 
quota and random sampling. A detailed questionnaire survey should also be com-
posed and distributed to a larger sample to further strengthen the research, introduc-
ing a quantitative aspect to the study. Therefore, this provides the basis for informing 
and verifying the validity and necessity of the research and subsequent investigation 
going forward. The key contribution of this research identifies that new nZEB build-
ings have many advantages and disadvantages; nevertheless, in the short term, they 
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are more expensive to construct, but in the long term, they have potential financial 
savings for new social housing construction projects in Ireland.
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Chapter 7
Performance of Distributed Energy 
Resources in Three Low-Energy Dwellings 
During the UK Lockdown Period

Rajat Gupta and Matt Gregg

7.1  Introduction

In 2019 the UK parliament passed legislation requiring the government to achieve 
net zero greenhouse gas emissions status by 2050; previously the target was 80% of 
1990 levels by 2050 (UK Government, 2019). Unfortunately, there have been road-
blocks along the way, namely, the significant, almost five-year void in guidance left 
after Zero-Carbon Homes and Code for Sustainable Homes (CSH) were withdrawn. 
As a result, many new homes have been built to only minimum standards (CCC, 
2019). Ideally, the way forward involves a change to those minimum standards. This 
Future Homes Standard set for 2025 is expected to create an average home that 
would produce 75–80% less CO2 emissions than one built to the 2013 UK Building 
Regulations (Ministry of Housing Communities and Local Government, 2019). In 
order to meet this target, the Committee on Climate Change (CCC) (2019) recom-
mends that from 2025 no new homes should be connected to the gas grid. Instead 
these homes should use low-carbon systems like heat pumps or be connected to 
community heat networks.

At the same time the domestic sector is behind the other sectors on reducing 
emissions (BEIS, 2018), there has been an increase in the number of people work-
ing from home. The number of people working from home has nearly quadrupled in 
the last 20 years (CCC, 2019). This statistic, of course, does not take into consider-
ation the Covid-19 lockdown and cultural shift which may occur as a result of 
employees and employers becoming accustomed to staff working from home (Kelly, 
2020). Except for the self-employed, this means that more energy is being used 
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during the day at home instead of in the office. One positive outcome from this 
would be a higher rate of self-consumption (SC) in renewable energy, namely, pho-
tovoltaics, especially if coupled with a heat pump.

As the recommendations for meeting the low-carbon targets include a significant 
shift from gas to electrification of heat and transport, several future scenarios fore-
cast an increase in peak demand. To help offset this demand, there will need to be a 
large increase in low-carbon generation which tends to be variable and intermittent. 
Balancing the system, especially in the summer, will also be a challenge, wherein a 
projected 30 GW of solar connected to the distribution network would mean the 
difference of almost 20 GW transmission demand depending on whether it is a 
cloudy or sunny day. Solutions to these problems include energy storage, demand 
side response (DSR), smart networks and increased interconnection (DECC, 2015). 
Batteries that charge when there is surplus PV generation and discharge during a 
dwelling’s peak demand, or charge based on time-of-use (TOU) settings to coincide 
with TOU tariffs, are considered smart technologies in this paper.

In response to these current challenges, this paper empirically examines the 
effectiveness of distributed energy resources (DERs) comprising smart home batter-
ies coupled with rooftop solar PV on actual energy use and peak demand in three 
dwellings designed to high thermal standards. The paper also explores the change in 
daily energy use and performance of DERs during the Covid-19 lockdown period 
(23 March to 31 May 2020). All three dwellings are located in an eco-development 
in York (UK), occupied continuously by families, and have identical heating sys-
tems (district heating), rooftop solar PV systems (4  kWp) and home batteries 
(14 kWh). The dwellings were constructed as part of a 5-year (2015–2020) research 
project called Zero Plus, funded by the European Union’s Horizon 2020 Research 
and Innovation programme. The overall aim of the project was to reduce net regu-
lated energy consumption of the dwellings to 20 kWh/m2/year and achieve renew-
able energy generation of 50  kWh/m2/year by deploying advanced energy 
technologies.

7.2  Literature Review on Solar PVs and Batteries

There are several ways to benefit from photovoltaic (PV) generation and storage in 
dwellings depending on country or local policy; these include PV with no self- 
consumption (direct feed-in to the grid), PV self-consumption, PV self- consumption 
with active load management (i.e. DSR) and PV self-consumption with battery stor-
age (Johann & Madlener, 2014). The right approach depends on the policy and 
incentives in an area. As an example, as there is currently no feed-in tariff (FiT) in 
the UK, the first option would not be viable. Grid-export rates through FiTs have 
been diminishing in several other regions like they have in the UK. Therefore, maxi-
mising self-consumption (SC) from electricity production is becoming an increas-
ingly important consideration for standalone electricity generating systems and also 
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those with connected batteries (O’Shaughnessy et al., 2018). For an average UK 
household with electricity demand of 4000 kWh/year and 2.9 kWp PV system, the 
SC has been estimated to be about 35–38% (McKenna et al., 2018). One UK study 
of PV and battery system combinations showed that over the summer months, a 
sample of 44 dwellings in Oxford had SC ratios which ranged widely from 19% to 
70% (average of 43%) (Gupta et al., 2019). For an average household in Germany, 
SC of electricity using a PV and battery combination was found to be rarely higher 
than 50% (Johann & Madlener, 2014).

Self-consumption can be a helpful factor in judging the efficient use of a PV 
system, but one misleading factor in SC can be the influence of an oversized PV 
system on the ratio. Even with large batteries, an oversized PV system can be more 
disadvantageous in jurisdictions where no FiT is paid. Self-sufficiency (SS) ratios 
can be more telling about the ability of the equipment and timing of use to meet 
household demand. However, the mismatch between heating load and the solar pro-
duction profile limits the SS ratio. This is true even when coupled with batteries; to 
increase SS ratio on annual scale would require seasonal storage (Zhang et  al., 
2016). One study evaluating the return on investment between lead acid, NaNiCl 
(sodium-nickel-chloride) and lithium ion (Li-ion), in combination with the PV sys-
tem, found that the Li-ion battery system is superior in achieving a higher SS ratio 
with the same life cycle cost (Zhang et al., 2016). As batteries help to increase SS, 
they have the potential to work against FiTs as an economic driver for electricity 
generating systems (Truong et al., 2016). Currently, in the case of the UK, however, 
this is helpful as the FiT is no longer available for new electricity generating instal-
lations (Jones et al., 2017).

As is shown, batteries help with respect to SC and SS. In the same way, batteries 
are also beneficial in shifting or alleviating peak grid consumption. As the grid pres-
sure increases, the UK  are trying to relieve this pressure focussing on efforts to 
reduce the peak demand. In the UK study cited above, aggregating solar generation 
and storage at a community level showed that peak grid electricity demand between 
17:00 and 19:00 was reduced by 8% through the use of smart batteries across 74 
dwellings (Gupta et al., 2019). Shifting PV production is helpful in achieving this, 
but also setting up batteries to take advantage of TOU tariffs is also modelled to be 
beneficial. One study calculated that with 2 kWh of battery storage per household, 
the peak demand at low voltage substations could be halved. With homes heated 
with heat pumps, 3 kWh battery storage per household would avoid increasing the 
peak demand (Pimm et al., 2018).

As it is important that energy-related claims of smart home technologies are 
scrutinised (Hargreaves et al., 2018), it is also important to understand the capability 
of batteries in improving self-consumption and self-sufficiency. There is relatively 
less empirical research on the actual performance of distributed energy resources in 
homes especially solar PV coupled with home batteries that can meet the daily 
energy needs of dwelling. This is what this study investigates.
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7.3  The Zero Plus Project Case Study Dwellings

There are three Zero Plus (ZP) dwellings (ZP1, ZP2 and ZP3) in a development 
located in York, England. Figure 7.1 shows the dwellings and the PV panels located 
on the southwest – south-facing roofs. On the left are ZP1 and ZP2, both two-bed 
semi-detached dwellings, and on the right is ZP3, a three-bed detached dwelling. 
Table 7.1 lists various household characteristics for the three dwellings including 
PV and battery specifications.

7.4  Methodology

The major focus of this paper is on the statistical analysis of the electricity balance 
in the dwellings, i.e. consumption, generation and storage. Also included is a brief 
overview of space heating and domestic hot water (DHW) (disaggregated from total 
hot water supply) to provide a complete view of total energy consumption in the 
dwellings. A significant limitation of the dataset is that the space heating data logger 
in ZP1 logged no data for the entire heating season. So that as much data are aligned 
as possible, the analysis covers the period from 1 February 2020 to 31 May 2020. 
Also, with respect to electricity consumption in the dwellings, peak grid demand 
times are taken as 16:00–20:00 (DECC, 2015).

The analysis approach first reports on the overall view of energy consumption, 
followed by electricity consumed and generated in the homes with a focus on self- 
consumption (SC) and self-sufficiency (SS) and times when the batteries charge and 
discharge. The impact of Covid-19 lockdown on energy use in the dwellings is also 
explored, using ‘pre-lockdown’ dates 1 February 2020–22 March 2020 and ‘during 
lockdown’ dates 23 March 2020–31 May 2020. Table 7.2 shows the data sources 
and data gathered in the study and at what frequency these data were gathered. The 
monitoring was remote; data gathered were transmitted through the wireless net-
work to an online repository.

Fig. 7.1 Zero Plus dwellings: from left to right, ZP1, ZP2 and ZP3
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Table 7.1 Household characteristics

ZP1 ZP2 ZP3

Form 2-storey right-side 
semi-detached

2-storey left-side 
semi-detached

2-storey detached 
with adjacent 
attached garage

Total floor area (m2) 84.4 84.4 129.6
Measured air permeability 
(design 
4.0 m3 h−1 m−2@50pa)

5.39 m3 h−1 m−2 5.44 m3 h−1 m−2 7.53 m3 h−1 m−2

No. of bedrooms 2 2 3
First full month in 
dwelling

August 2019 February 2019 September 2019

Period heated Mid September to mid 
May

Start February to 
early April

Mid September to 
early April

Number of occupants 3 3 4
Household 1 adult/2 children 2 adults/1 child 2 adults/2 children
Occupancy Always at home Always at home; 1 

adult works away 
from home

Always at home

Occupancy pattern as 
viewed through energy 
consumption

Most active morning 
hours: 6–8 am
Most active evening 
hours 6–10 pm
Most energy consumed 
in evening

Most active 
morning hours: 
6–8 am
Most active 
evening hours 
7–11 pm
Most energy 
consumed in 
evening

Most active 
morning hours: 
5–9 am
Most active 
evening hours 
6–10 pm
Most energy 
consumed in 
evening

Building fabric 
specification

U-values (W/m2.K): Exterior wall 0.17, party wall 0.23, roof 0.16, 
floor 0.14, windows 1.33, air permeability 4.0 m3/(h.m2)@50pa

Heating District heating (gas)
Renewables Total 4.34 kWp per dwelling: 14×–310 Wp PV panels

50% tilt, 236 SW-W azimuth
Battery 14 kWh (total), 5 kW continuous power, Li-ion, fully integrated 

inverter

Table 7.2 Data sources and details

Variable Resolution/details Source

Indoor temperature Temp.: 0.1 °C at 30 min interval Orsis data loggers 
installed in dwellings

Heat energy monitoring, DHW 
energy monitoring

1 Wh at 30 min interval Orsis data loggers 
installed in dwellings

Fans and lighting electricity 
consumption

1 Wh at 30 min interval Orsis data loggers 
installed in dwellings

Total electricity, battery and PV 
monitoring

0.1 kW at 5 min interval Battery inverter

Heating degree days (HDD) 0.1 degree day, 15.5 °C base 
temperature, daily basis

www.degreedays.net
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7.5  Results

7.5.1  Total Energy Consumption of the Dwellings

For the period reported, ZP3, the largest in both size and number of occupants, is 
consuming the most energy overall. Though ZP3 does have more occupants and is 
a larger dwelling, per area, it is still consuming more heating (gas) and electricity. 
Space heating is three times of what is used in ZP2 after being normalised by area. 
With respect to electricity, however, ZP3 has a wheelchair lift installed as one of the 
occupants uses a wheelchair; they also have a fish tank. For this reason, electricity 
consumption is expected to be much higher. Table 7.3 lists the overall consumption 
values in the dwellings.

7.5.2  Electricity Balance in the Dwellings

As ZP3 uses more electricity than the other dwellings, it not only has the highest 
instantaneous SC of PV electricity, it also consumes more electricity directly from 
the grid and the battery to offset higher daily power demands. Table 7.4 shows the 
proportioned breakdown of in- and out-going electricity in the dwellings. The PV 
and battery combination contributed to a SS range of 76–95%. This, based on a 
simple annual projection and an electricity rate of 15 p/kWh, could result in annual 
savings of between £260 and £438.

All dwellings have peak electricity consumption between 16:00 and 18:00. This 
falls within the typical UK peak grid demand times of 16:00–20:00. Figures 7.2, 
7.3, and 7.4 show the average hourly PV generation and source of electricity to meet 
total HEC. As can be seen in the graphs, both instant consumption of PV generation 

Table 7.3 Energy data from 1 February 2020 to 31 May 2020

ZP1 ZP2 ZP3

Total energy consumption (kWh) 1535a 1838 2938
Total heating energy consumption (kWh) 206a 243 1144
Total domestic hot water (kWh) 674 863 504
Total household electricity consumption (HEC) (kWh) 655 732 1290
Total PV generation (kWh) 1682 1683 1699
Net electricity consumption −1027 −951 −409
Net total consumption (kWh) −147a 155 1239
Net total consumption (kWh/m2) −1.7a 1.8 9.6

aZP1 total heating energy consumption was not monitored due to a faulty data logger. The total 
heating energy consumption value is roughly estimated normalising ZP2’s hourly space heating 
consumption with hourly living room temperature data and applying this to ZP1’s hourly living 
room temperature data. This is done because ZP1 and ZP2 are identical in form, though slightly 
different in occupancy. As a result, all values that include space heating energy consumption for 
ZP1 are estimated

R. Gupta and M. Gregg



77

and battery discharge are greatly offsetting this peak demand. Between 16:00 
and 20:00:

ZP1 average total of 0.8 kWh of direct grid consumption (PV and battery making 
up 17.8 kWh)—reducing this home grid pressure during peak by 96% on average.

ZP2 average total of 0.4 kWh of direct grid consumption (PV and battery making 
up 24.2 kWh)—reducing this home grid pressure during peak by 98% on average.

ZP3 average total of 1.7 kWh of direct grid consumption (PV and battery making 
up 31.6 kWh)—reducing this home grid pressure during peak by 95% on average.

Figures 7.2, 7.3, and 7.4 show the battery charging and discharging times 
throughout a day over the period. Notably ZP3 performs a significant amount of 
off-peak charging from the grid overnight; 70% of their total grid consumption is 
shifted through the battery. ZP1 does not regularly charge the battery from the grid 
overnight. As can be seen, ZP3 has larger baseline energy consumption than the 

Fig. 7.2 ZP1: Average hourly HEC breakdown (left) and battery balance (right)

Table 7.4 Energy data from 1 February 2020 to 31 May 2020

ZP1 ZP2 ZP3

Total household electricity consumption (kWh) 655 732 1290

% of HEC from PV (instantaneous SS) 49% 51% 42%
% of HEC from battery (PV and grid mix) 49% 42% 50%
% of HEC from grid (direct consumption) 2% 7% 8%
Total PV generation (kWh) 1682 1683 1699

% of PV exported to grid 53% 57% 32%
% of PV self-consumed (instant and battery) 47% 43% 68%
% of PV SC (instantaneous only) 20% 22% 34%
Total grid consumption (kWh) 30 153 316

% direct from grid 27% 35% 30%
% grid consumption delayed through battery 73% 65% 70%
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other dwellings. Contributors to this are likely their higher use of fans and lights 
and possibly their fish tank.

7.5.3  Impact of Covid-19 Lockdown on Energy Use 
in the Dwellings

Overall, in looking at total dwelling electricity consumption, there is an increase in 
electricity consumption across all dwellings from before Covid-19 lockdown (1 
Feb–22 Mar 2020) to during lockdown (23 Mar–31 May 2020). The following pres-
ents the investigation of overall daily electricity use, changes to peak demand, 

Fig. 7.3 ZP2: Average hourly HEC breakdown (left) and battery balance (right)

Fig. 7.4 ZP3: Average hourly HEC breakdown (left) and battery balance (right)
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detailing of end uses to investigate the above changes further and finally space 
heating.

ZP1 increased total daily HEC by 30%, ZP2 increased by 9% and ZP3 increased 
by only 2%. Figure 7.5 contrasts the shift in average hourly total HEC for each 
period in ZP1 and ZP3. In ZP1 the increase is notable, where there is more energy 
consumption in the morning to afternoon and a sharper peak at peak demand times. 
ZP3 has had a sharper peak during peak demand but no other significant change 
overall. ZP2, not shown, also had higher noon to peak consumption and a higher 
peak demand very similar to ZP3. Though during the initial questionnaire assess-
ment both ZP1 and ZP3 stated that they are ‘home all the time’, it is expected that 
the occupants in ZP1, in reality, before the lockdown left the house more often to 
visit friends or relatives albeit possibly not on a regular schedule.

In looking deeper at electricity use in the dwellings, electricity consumption for 
fans and lighting (sub-metered) was removed from the total electricity use to isolate 
all remaining uses, called ‘appliances’ here. The hypothesis is that this ‘appliance’ 
consumption should increase as occupants are stuck at home in lockdown; however, 
this increase is not expected to be overly large, but noticeable. This is because most 
of the extra use is expected to be in low-power devices like televisions and comput-
ers. It is recognised that not being able to isolate cooking energy is a limitation since 
a shift to cooking at home could be a significant indicator of the occupancy shift. 
Though lighting consumption could also increase, it is best removed as the lock-
down period progressed through days which are increasing in daylight hours. 
Figure 7.6 shows the fan, lighting and appliance consumption pre-lockdown and 
during lockdown for ZP1. The only dwelling showing a notable impact of lockdown 
in appliance use is ZP1, where a slight downward trend before lockdown becomes 
a significant upward trend. ZP2 and ZP3 (not shown) demonstrated downward 
trends in consumption during lockdown; however, in ZP2 this is barely noticeable 

Fig. 7.5 Hourly electricity consumption contrast before and during Covid-19 lockdown (ZP1 left, 
ZP3 right)
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and is a little higher than pre-lockdown, and in ZP3 the downward trend also 
appeared to be slowing during lockdown.

Space heating is another way to observe the impact of lockdown on energy con-
sumption; however, a limitation of this method is that lockdown has occurred as the 
heating season is ending. For this reason, correlation with heating degree days 
(HDD) is used to assess impact. Figure 7.7 shows ZP2 and ZP3 daily total space 
heating as it correlates to the daily HDD for the same period. One aspect to note 
immediately is that the correlation between space heating and HDD is much weaker 
during lockdown as opposed to before. This, however, could just be an aspect of the 
end of the heating season and not necessarily an increase of user heating.

Fig. 7.6 ZP1: Sub-metered electricity use (pre-lockdown left, during lockdown right)

Fig. 7.7 ZP2 (left) and ZP3 (right) correlation between space heating and HDD pre- and during 
Covid-19 lockdown
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In theory, if there is more use of heating as a result of being at home more, the 
proportion of total heating consumption above the best fit line will be higher during 
lockdown. Both dwellings are showing a small increase in proportion of total heat-
ing above the best fit line during lockdown (from 63% to 65% in ZP2 and from 61% 
to 62% in ZP3). This slight increase is, however, not considered high enough to 
suggest that there is a significant increase in heating in these dwellings as a result of 
lockdown. As it is the end of the heating season, the number of instances assessed 
was limited. It is also possible that the warmer than average temperatures had an 
impact on space heating results (daily measured average 2.3 °C above CIBSE test 
reference year data for LEEDS—closest location).

7.6  Discussion

The analysis of the Zero Plus dwellings has shown that batteries are ‘smart’ devices 
that are helpful in shifting the renewable energy or overnight (off-peak) grid charg-
ing to peak demand times in dwellings. As the batteries were able to double the SC 
of the PV systems and the combined PV and battery combinations were able to 
reduce average peak load by at least 95%, this technology will undoubtedly help the 
UK government meet its goals to develop a smart energy system and reduce peak 
electricity demand pressure on the electricity grid. Under several different scenar-
ios, adding storage to the energy system in combination with decarbonisation efforts 
is considered to increase overall efficiency and resilience in the system (DECC, 2015).

As was demonstrated, based on demand, ZP3 may benefit from an Economy 7 
tariff or a dynamic pricing tariff as about 17% of their total HEC was through over-
night battery charging. If these homes did not have PV but did have the large batter-
ies, TOU tariffs would be an effective money-saving and peak load shifting option. 
DSR via appliance timing is perhaps more needed in homes without such large 
batteries. Future research to explore potential improvement of the dwellings’ use of 
PV and battery storage would include demand side response (DSR) experimenta-
tion and evaluation. This is shifting the times when electricity is consumed to take 
further peak demand pressure off the grid. This can be done in response to a signal 
(DECC, 2015), perhaps through in-home energy monitoring devices or, as the tech-
nology has progressed, through smart phone application linked to smart metering. 
Obvious examples include timing laundry or dishwasher activation during peak PV 
generation times or overnight by setting timers on the appliances. If DSR through 
shifting energy consumption to overnight is recommended, Economy 7 tariff  – 
referring to 7 h overnight where electricity is offered at a cheaper rate—is a poten-
tial incentive.

With the Covid-19 lockdown and its potential impact on a larger shift to working 
from home, generation and storage arrangements such as those exhibited through 
the case studies would be greatly beneficial. This is particularly true of PV, as there 
would be more energy consumption throughout the middle of the day particularly in 
the winter. Furthermore, as there is a recommendation to shift to electrified heating, 
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PV and batteries would be even more relevant. Working from home contributing to 
greater instantaneous SC of PV generation would provide a greater return on invest-
ment. This is important now more than ever as there is no longer FiT for new PV 
installations. However, incentives are an effective policy tool. Storage will benefit 
the overall system and, therefore, should be rewarded for its impact (HM Government 
and Ofgem, 2017). Like the previous FiT for solar renewable technology, there 
should be a peak demand shift tariff that would incentivise PV (again), batteries or 
even well-managed DSR. This would pay householders a tiered tariff rate based on 
the proportion of electricity reduced during peak demand hours. The progress could 
be judged based on a baseline year for the household and paid on a monthly basis. 
This example, however, would only work for retrofits. For newly built dwellings, 
the baseline would likely need to be a local-, perhaps, postcode-level average from 
which to base improved performance.

7.7  Conclusion

To meet the UK’s net zero greenhouse gas emissions target and reduce peak demand 
pressure from the electricity grid as electrification of heating becomes a more prom-
inent solution to reduced emissions, the combination of electricity generation and 
storage is shown to be smart and resilient solutions. Though the case study dwell-
ings appear to be typical in their peak-time consumption, the PV and battery com-
bination has been shown to reduce their average direct grid consumption during 
peak hours by over 95%. Because the PV system on each dwelling is large, instan-
taneous SC was low, between 20% and 30%, but the batteries helped to increase SC 
up to around 50%. The estimated cost benefit of this ranged from annual savings of 
between £260 and £438. Overall, with respect to the distributed energy resources 
installed, the dwellings resulted in 80% reduction in net total energy consumption 
during 4 months of the year. The demonstrated systems show benefits for house-
holders through a net reduction of total energy consumption and benefits for the 
overall energy system through a reduction in peak energy demand.

Another aspect of the study briefly looked at the impact of the Covid-19 lock-
down on energy consumption in the dwellings. Though the occupants in two of the 
dwellings claimed to ‘always be at home’, there was a slight increase in electricity 
consumption for the two of them and a notable increase in the other. Space heating 
consumption did not reflect the same impact; however, it did show poor seasonal 
responsiveness at times. Such empirical studies are vital for providing the learning 
that is necessary for future scalability and replicability of distributed energy 
resources to move towards a smart and flexible energy system in the UK. Future 
research could explore the extent and magnitude of demand side response (DSR) 
that could be offered by PV systems and smart batteries, with and without time-of- 
use tariffs.
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Chapter 8
Learnings from the Evolution 
of the University of Suffolk EcoLab: 
Adopting People-Centred Design 
Approaches to Encourage the Mass Uptake 
of Energy Transition Solutions 
in the Housing Sector

Benjamin Powell

8.1  Introduction

The EcoLab project comes as part of a wider scheme, currently being constructed, 
to build a digital skills and innovation hub at BT’s Adastral Park site in Martlesham. 
This initiative sees the founding of a satellite campus at the park, BT’s main centre 
for research and development, with the intent to provide closer ties between aca-
demia and industry, in order to enhance capacity for the growth and implementation 
of new sustainable technologies.

At the time of writing, the proposals for the EcoLab scheme (Fig. 8.1) have just 
been submitted for planning permission, with construction due to commence 
towards the end of the year. Whilst the purpose of the facility is to be used as a 
research centre and laboratory, the building takes the form of a two-bedroom house 
and to this extent complies with national planning polices including space standards.

Working to a limited budget of approximately £200,000, the initial targets for the 
project are to achieve a zero carbon occupancy and a reduction in embodied carbon 
of around 50% compared to a typical brick and block house and to construct the 
building using the latest construction methods, such as offsite fabrication, so as to 
create the potential for the model to be replicated at scale. Longer term, the com-
pleted build will utilise SMART systems to evaluate the performance of sustainable 
materials, low carbon energy and water consumption, coupled with critical consid-
eration of the wider landscape through ecological design.
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The project brief is therefore to address two of the most pressing concerns that 
we face: climate change, and the impact the construction industry has on this, and 
the UK housing crisis, which sees the chronic shortage of affordable housing.

Whilst we hope that the research from the project will be a worthwhile addition 
to this extensive body of work, we are acutely aware of the urgency of implementing 
these outcomes at scale. Like many local authorities, Suffolk County Council 
declared a climate emergency in March of 2019, with an ambition to move the 
county towards carbon neutrality by 2030, ahead of national targets for 2050. To get 
close to achieving this ambitious goal, robust demonstrator outputs, with affordable 
carbon reduction solutions, will require immediate uptake on a mass scale. So how 
can we achieve this?

8.2  The Consumer

During early conversations to develop the project brief, the importance of the public 
in the implementation of sustainable design was highlighted in a conversation with 
a local planning officer. Discussing rainwater harvesting technology, they stated 
‘the feedback we regularly receive from developers is that they are open to greater 
uptake of the [low energy] technology, but currently there isn’t the demand from 
their customers’ (M. Williams 2020, personal communication, 16 June).

In the UK, roughly 60% of the new homes built each year are delivered by just 
ten companies (Great Britain & Department for Communities and Local Government, 

Fig. 8.1 Initial concept design proposal for the EcoLab
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2017). Significantly influenced by the market, the importance of these large compa-
nies highlights that just because the technology is available does not necessarily 
mean it will be utilised in a build. Whilst government policy looks to address this 
(Great Britain & Department for Energy and Climate Change, 2013), if demand 
from the consumer does not exist, then uptake from the market will be slow (Murphy, 
2012; Roy et al., 2007). This is not a new idea. In Roy et al. (1998), identified that 
‘Designers and manufacturers recognise that environmental factors generally only 
enter consumer purchasing decisions after product performance, quality, reliability, 
and value for money’ (pp. 268–269).

More recent research suggests that, whilst customers’ environmental conscious-
ness has increased, there is still a shortfall in converting this to actual purchas-
ing  (Environmental Change Institute, 2001; Farber, 2019). ‘Few consumers who 
report positive attitudes toward eco-friendly products and services follow through 
with their wallets. In one recent survey 65% said they want to buy purpose-driven 
brands that advocate sustainability, yet only about 26% actually do so’ (White 
et al., 2019).

Addressing construction specifically, Jackson expands on this: ‘The design and 
construction of LZC (low and zero carbon) eco housing…., while showing what can 
be achieved, remain as largely experimental ‘green niches’ created by highly com-
mitted individuals and organizations.’

They tend to be viewed by designers and policy makers as purely functional, technical 
devices, without sufficient regard for their aesthetic and ergonomic design and brand image, 
which can have a crucial role in adoption and effective use…material goods are important 
to us, not just for their functional uses, but because they play vital symbolic roles in our 
lives (2005, p. 6).

In 2019, the government published Building a Market for Energy Efficiency: Call 
for Evidence Summary of Responses  (Great Britain & Department for Business, 
Energy and Industrial Strategy, 2019). This came in recognition of the particular 
challenges of driving demand and addressing supply side barriers to market growth 
in the owner occupier sector. The document sets out what the government believed 
to be the current state of the market, what the barriers are to growth and potential 
policies for addressing those barriers. The findings from this research included six 
key areas for targeted focus:

• Landlords and their properties within the private rented sector (PRS)
• All audiences in the context of broader advice versus energy efficiency alone
• The need to build a mass market to encourage the supply chain to invest, inno-

vate and scale up, as well as avoid complexity in targeting and search costs
• Building a market for energy efficiency
• Identifying the properties that would benefit most from retrofitting energy effi-

ciency measures
• Considering early adopters of smart technologies and generational age groups of 

young and old millennials, generation X-ers and baby boomers
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In addition, the findings also highlighted a potential lack of low carbon building 
construction knowledge, coupled with a need to establish social norms and confor-
mity in terms of energy efficiency investments and the impact that decreasing home 
ownership levels have on reducing the incentive to improve properties or buy an 
efficient home from the outset.

Understanding these broader constraints, and the financial challenges to home 
buyers, the Government Advisory Committee on Climate Change undertook a tan-
gent review (2019). Recognising the market’s resilience to rapid change, the review 
presented the urgency for parallel regulatory reform in order to meet the govern-
ment’s climate objectives, establishing that all new homes must be built to be low 
carbon, energy and water efficient and climate resilient, from 2025 at the latest.

Moving into the next half of this decade, it will be necessary for policy and plan-
ning to lead where the market cannot. Nonetheless, the importance of society in the 
design and implementation of sustainable construction must be recognised as an 
essential component in achieving the sea change required to overcome the climate 
emergency.

8.3  Collaborative Environment

To this effect, a focus of our work on the EcoLab so far has been to put in place a 
collaborative and open methodology that encourages dialogue and which places 
people at the centre of the development of the scheme.

At an institutional level, the project team blends academics from the traditional 
sciences, including from Information Systems Engineering and Wildlife and 
Ecology and Conservation Science, with those more closely associated with the 
social sciences, most notably the architecture department.

This cross-disciplinary approach has extended to partnerships outside of the uni-
versity. Figure 8.2 documents the range of organisations that informed the project 
development in its infancy. This includes a broad church, ranging from BT to the 
Suffolk Climate Change partnership.

Dialogue is ongoing with the local planning authority from East Suffolk Council 
(ESC). As well as using the scheme as an exemplar for sustainable design, it has 
been agreed to share information on the project’s costs. It is hoped this information 
can be used to demonstrate that low-energy, hi-tech, sustainable construction can be 
used to build affordable homes and therefore provide local authorities with evidence 
to counter frequent arguments from volume housing providers that these approaches 
are prohibitively expensive (R. Bishop 2020, personal communication, 9 July).

Project links have also been established with the BRE. As well as advising on the 
technical performance of the building, with a focus on occupational health, the 
long-term outcomes from the project will be shared with their smart homes and 
innovation department. This will feed into research being undertaken at a national 
level and inform British Standards surrounding sustainable construction best prac-
tice, and subsequently, the legislation of this area.
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Happening in tandem to ongoing dialogue, perhaps one of the most enriching 
parts of the project so far has been the collaborative design process.

8.4  Hackathon

Taking place virtually during the COVID-19 national lockdown, the ‘EcoLab 
Architecture Hackathon’ invited architecture students from around the East of 
England to work collaboratively to conceive concept designs for the project.

In the first of two sessions, the co-creators, a group of around 12 participants, put 
together a database of precedents that were discussed and analysed. Students were 
encouraged to think about the space as somewhere that they would want to live and, 
as such, look for precedents that were not only sustainable but which looked good 
and were suited to their context. Participants were then challenged to begin sketch-
ing their ideas through a series of design games, including a form of ‘speed draw-
ing’ in which individuals shared thoughts with one another in a round robin format.

In the second session, participants bought together the ideas from the first week 
into a coherent design. This exercise followed BIM stage 3 protocol with individu-
als working in the cloud using a shared digital model (Revit). By the end of the 
session, the site was occupied with a collection of models, not just showing a diverse 
range of ideas for low energy design but which could also be used to test the site 
itself for the ideal location.

As well as being a great opportunity for architecture students to gain experience 
working on a live project and to see their designs develop into a built scheme, the 

Fig. 8.2 Early project network
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incredible energy and enthusiasm from participants have provided the project with 
a unique platform from which to grow. The ideas that were generated ranged from 
forming a hierarchy of spaces, with the most frequently occupied in the centre, to 
the use of moveable parts and shared common spaces (Fig. 8.3).

Feedback from the session was positive, with the all respondents (6 out of 12) 
rating the event either very good or excellent, feeling they had learnt a significant 
amount about sustainable design and finding working in the online environment a 
positive experience.

Activities such as this are an essential component in ensuring that all actors 
involved in the development of the built environment are equipped with the requi-
site low carbon building construction knowledge. It also outlines the type of 
approach to training young architects being developed at UoS, ‘these events are at 
the heart of what we do at Suffolk….we are advocates of Architecture as a tool for 
social and ecological change; an agent for changing how people live for the better 
and how they make decisions about the built environment. Our students are trained 
early to approach ways of designing and building with a critical eye and curiosity; 
skills much needed by all future built environment professionals’ (L. Psarologaki 
(Course Leader) 2020, personal communication, 09 July).

Fig. 8.3 Some examples of ideas generated at each stage of the Hackathon
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8.5  Next Steps

Further collaborative design initiatives are planned throughout the duration of the 
development of the scheme and beyond. UoS architecture students will play an 
active role in the detail design and construction of the scheme, including the poten-
tial for some live construction workshops, which will allow students to witness the 
construction process. We also plan to include a form of post-occupancy evaluation.

The collaborative approach is already being adopted elsewhere. A similar col-
laborative design event is being planned with Wildlife, Ecology and Conservation 
Science students that is hoped will explore a range of ambitions, including the 
implementation of a demonstration garden that links with work being done by 
Transition Woodbridge to create wildlife corridors, as well as implementing some 
form of heathland restoration to assist in the protection of the struggling silver- 
studded butterfly population.

Following the completion of the building, regular studies are expected to be 
undertaken with the building in occupation, including inviting members of the pub-
lic to use the space to test how intuitive and user friendly are the various SMART 
technologies being studied.

But in the immediate future, the priority is to raise the public profile of the proj-
ect, not just within academic spheres but also to the wider public. Habib, Hardisty 
and White argue that ‘Harnessing the power of social influence is one of the most 
effective ways to elicit pro-environmental behaviours in consumption’ (White et al., 
2019). They outline three ways in which this can be done by making sustainable 
behaviours more evident; making people’s commitments to eco-friendly behaviour 
public; and using healthy competition between social groups.

To this effect, the design of the building is intended to be eye catching (if not 
necessarily to everyone’s tastes) to aid with a media campaign. As well as using the 
individual and institutional social media accounts that are available to us, press 
releases are being issued to the local and national press, including architectural and 
lifestyle publications. It is hoped that attention in these areas will enhance the 
longer- term relevance and reach of the scheme.

8.6  Summary

Within this collaborative framework, we are working collectively to realise the 
wider social and affordability aspects of greening the built environment and develop 
a scheme that is not only technically excellent but which is designed for people. A 
big, but valuable research ask from what will be a compact, modern and comfort-
able building footprint, at a time when land availability, resource usage and quality 
affordable housing represent a national challenge.

8 Learnings from the Evolution of the University of Suffolk EcoLab: Adopting…
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Chapter 9
A Review of Sustainable Construction 
Practices in Ghana

Moses K. Ahiabu, Fidelis A. Emuze, and Dillip Kumar Das

9.1  Introduction

The importance of the construction industry to economic development cannot be 
underestimated. For instance, the construction industry contributes at least 7% to 
jobs and accounts for about 11% of the world’s gross domestic product (GDP) 
(Roumeliotis & Fenton, 2011). Rapid urbanisation and industrialisation have neces-
sitated an increase in the development of infrastructure projects. Such projects con-
tribute to national economic development. The construction industry consumes a lot 
of natural resources that lead to climate change to meet the increased infrastructural 
demand of nations. The construction and maintenance of buildings account for 
about 40% of the world’s natural resources and energy use (Edeoja & Edeoja, 2015, 
p.  112). The sector is generating unacceptable levels of material waste (Hussin 
et al., 2013), contributes a quarter of the global total carbon emissions and is respon-
sible for 40–50% of the greenhouse gas emissions (GHG) (Huang et al., 2017).

The global movement against the effect of climate change on the environment 
has led many countries to focus on sustainable construction. Sustainable construc-
tion is believed to be the way for the built environment to contribute to the achieve-
ment of sustainable development (Abidin, 2010). The built environment in Ghana is 
responsible for land degradation, loss of habitat, air and water pollution and high 
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energy usage (Ofori, 2012; Djokoto et al., 2014). However, if the built environment 
adopts sustainable construction practices, it can help mitigate these negative 
impacts. The stakeholders in Ghanaian construction are aware of the destructive 
nature of conventional construction practices (Ayarkwa et al., 2017). The desire for 
sustainable construction practices has been on the increase among clients, sponsors, 
construction professionals, government agencies and regulatory bodies (Ogungbile 
& Oke, 2019). As a result of the benefits linked to sustainable construction, the built 
environment is increasingly incorporating sustainability practices into new build-
ings and existing buildings (Ahn et al., 2013).

Notwithstanding the benefits of sustainable construction, research has shown 
that implementation of sustainable construction in Ghana is at the infant stage. 
Unsustainable design and construction practices as well as constant degradation of 
the environment for construction purposes still exist (Ayarkwa et  al., 2017). 
However, barriers such as perceived initial cost, lack of political commitment, lack 
of legislation, lack of professional knowledge and technological difficulties must be 
removed. There is a growing interest in analysing the extent to which the barriers 
hinder the implementation of sustainable construction (Ayarkwa et al., 2010). Due 
to the importance of sustainable construction, this research aims to examine the 
level of implementation of sustainable construction practices in Ghana to reduce the 
carbon and ecological footprint with emphasis on the barriers and drivers for a suc-
cessful application.

9.2  Research Method

The study method adopts a conceptual approach to review related literature. A tra-
ditional literature review is a comprehensive, critical and objective analysis of the 
current knowledge on a topic (Baker, 2016). The traditional review identifies central 
issues and research gaps. According to Jesson et al. (2011), a traditional literature 
review is a written appraisal of what is already known with no prescribed methodol-
ogy (cited in Li & Wang, 2018). It is a research method in its own right. It presents 
a summary of published research to a particular topic of interest in a way that con-
tributes to a better understanding of issues (Jesson et al., 2011). The selection of 
materials was based on a purposive selection with significant contributions to 
context- specific knowledge taking precedence over citation metrics. The researcher 
logically put the publications together to develop a coherent argument on the sub-
ject matter. However, there may be essential contributions and knowledge transfer 
in both a systematic review and a traditional review (Jesson et al., 2011) to identify 
gaps or inconsistencies in a body of knowledge. The next section is therefore based 
on the review of the related corpus.
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9.3  Literature Review

9.3.1  The Construction Industry in Ghana

The construction industry contributes to the socio-economic development of Ghana. 
According to Osei (2013), the construction industry of Ghana can be likened to the 
UK construction industry of 1983. The industry is responsible for the construction 
projects covering key stages including feasibility, design, construction, operation, 
decommissioning, demolition and disposal. It delivers infrastructure and construc-
tion projects, which is defined by Du Plessis et  al. (2002) as a broad process or 
mechanism for the realisation of human settlements and the creation of infrastruc-
ture that supports development. Two ministries supervise such projects in Ghana. 
The Ministry of Roads and Highways (MRH) supervises the road infrastructure, 
which is the backbone of the transportation systems in the country. The built envi-
ronment falls under the Ministry of Works and Housing (MWH), which is the 
Government of Ghana’s central management agency responsible for formulating 
policies and programmes for the housing and work sub-sectors of the economy. The 
ministry is mandated in line with Sections 11 and 13 of the Civil Service Act, 1993 
(PNDCL 327). It also relies on Executive Instrument (EI. 28, 2017), to initiate and 
formulate policies for the works and housing sector, as well as coordinate, monitor 
and evaluate the implementation of policies, plans and programmes for the sustain-
able management of public land properties, drainage and coastal protection work 
and operational hydrology as well as safe, secure, decent and affordable housing 
using technical expertise and innovative methods for all people living in the country 
(Ministry of Works and Housing, 2017).

The agencies and departments responsible for the built environment include 
Public Works Department (PWD), Hydrological Services Department (HSD), 
Engineering Council (EC), Architects and Engineering Services Limited (AESL), 
Rent Control Department (RCD), Department of Rural Housing (DRH), Public 
Servants Housing Loan Scheme Board (PSHLSB), Architect Registration Council 
(ARC), State Housing Company (SHC) and Tema Development Company Limited 
(TDC). Akinradewo et al. (2019) categorised the industry’s stakeholders into four 
main groupings as users and consumers, demand-side operators, regulators and 
supply-side operators. The construction activities in the built environment include 
the extraction and beneficiation of raw materials, the manufacturing of construction 
materials and components, the construction project cycle from feasibility to decon-
struction and the management and operation of the built environment. Despite its 
significance to the overall national economic development, the built environment is 
arguably one of the most resource-intensive industries and considered as a signifi-
cant contributor to environmental pollution (Zimmermann et al., 2005).
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9.3.2  Description of Sustainable Construction

Kibert proposed the first definition of sustainable construction which appeared in 
Tampa (1994) as the creation and responsible management of a healthy built envi-
ronment based on resource-efficient and ecological principles (cited in Bourdeau, 
1999). According to Huovila (1998), sustainable construction aims at minimising 
the use of energy and emissions that are harmful to the environment and health. 
Lanting (1998) also conclude that sustainable construction is a process of the build-
ing which aims at reducing the adverse health and environmental impact caused by 
the construction process. Sustainable construction according to the International 
Council for Research and Innovation in Building and Construction (CIB) is the 
sustainable production, use, maintenance, demolition and reuse of buildings and 
construction and their components (CIB, 2004). However, Du Plessis et al. (2002) 
take sustainable construction further by introducing the idea of restoring the envi-
ronment as well as highlight the social and economic aspect of sustainability. She 
defined sustainable construction as a complete process aiming at restoring and 
maintaining harmony between the natural and the built environments to create set-
tlements that affirm human dignity and encourage economic equity.

In essence, sustainable construction is the application of sustainability principles 
to the construction life cycle from planning, constructing, mining raw materials to 
produce construction materials, using low embedded-energy materials, saving water 
and energy, deconstruction and managing waste (Mustafa & Bakis, 2015). The con-
cept of sustainable construction is hinged on three main pillars, namely, environ-
mental protection (1), social well-being (2) and economic prosperity (3) (Abidin, 
2010). Striking the right balance between these factors is what is required to support 
true sustainability. For constructions to be sustainable, firms should, therefore, have 
an all-inclusive approach to the projects to achieve balance and consistent synergy 
among the three tripods of sustainable development (environment, economy and 
society).

9.3.3  Implementation of Sustainable Construction

There is a need for a sustainable development plan and strategy that should not be 
confused with the development plan of nations. A sustainability development strat-
egy that creates jobs at the expense of the environment and social impacts and dis-
places thousands of people and reduces biodiversity defeats its purpose (Du Plessis, 
2007). Sustainability lies in the relationship between social, economic and environ-
mental issues. The main challenge for the construction sector lies in finding an 
approach to the physical, economic and human development to meet the require-
ment of sustainable development and construction defined by locally identified 
needs and value system. Du Plessis (2007) identified two main paths for the imple-
mentation of sustainable construction as the creation of capable and viable local 
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construction sector and the ability of the sector to respond to the demands that sus-
tainable development and construction places on its activities. Adjarko et al. (2016) 
say that the minimisation of resource consumption, improvement of indoor air qual-
ity, avoidance of environmental health problems, use of recycled materials, waste 
reduction and maximisation of reuse are the critical sustainable construction prin-
ciples applicable to Ghanaian construction. Sustainability can be achieved through 
strategic sustainable construction enablers. The enablers include technological, 
institutional and enablers related to a valued system such as social, spiritual or 
moral values that guide decisions as indicated in Fig. 9.1.

9.3.4  Barriers and Drivers of Sustainable Construction 
in Ghana

Barriers (please see Table 9.1) refer to attributes and conditions that can prevent and 
hinder actions or impede progress towards achieving sustainable construction prac-
tices (Vandierendonck et  al., 2010; Ayarkwa et  al., 2017). Barriers have adverse 
effects on the attainment of sustainable construction. According to Connell (2010), 
knowledge, awareness and attitude are internal barriers, while the external barriers 
include the availability of technology, finance and green technology. According to 
Ayarkwa et al. (2017), the financial incentive is identified as the main barrier to the 
implementation of sustainable construction in Ghana.

In contrast to barriers, drivers of sustainable construction are various elements 
that trigger, sustain and expand the uptake and implementation of required practices 
(Ayarkwa et  al., 2017). Some drivers promote the implementation of sustainable 
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Fig. 9.1 A strategy for enabling sustainable construction (Source: Du Plessis, 2007, p. 72)
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Table 9.1 Barriers to sustainable construction

Barriers
Research 
approach Sample Reference

Lack of financial incentives 
(high taxes and low-profit 
margin)
Lack of building code and 
regulation
Lack of investment
Initial cost (high initial cost)
Lack of client demand
High cost of environmental 
services and technology
Insufficient research
Lack of public awareness
Competitive pressure
Lack of database and 
information
Lack of green products
Lack of professional knowledge 
and expertise
Lack of green technology
Tendering and contract 
requirements
High level of perceived risks

Quantitative Architects in Ghana Ayarkwa et al. (2017)

Cost considerations and 
implications
Lack of sustainable practices 
knowledge
Attitude of professionals
Absence of a sustainability 
rating tool
Total cost of alternative energy 
sources
Total client control on the design

Quantitative Finland Bash and Hakkinen 
(2015)

Lack of building codes and 
regulations
Lack of incentives
Higher investment cost
Investment risks
Higher final cost
Lack of public awareness
Lack of demand
Lack of strategy for promotion
Lack of expertise
Lack of cooperation
Lack of database and 
information
Resistance to change
Lack of training
Lack of technology
Lack of government support
Lack of a measurement tool

Quantitative Construction 
professionals in 
Ghana

Djokoto et al. (2014)

(continued)
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construction practices. Revel et  al. (2010) categorised the potential benefit to be 
accrued in terms of jobs, right corporate image and retention of quality staff as pull 
factors. Push factors are reactions to regulatory demands and financial incentives. 
Change in legislation, building codes and bylaws are essential moderators that could 
trigger, promote and sustain sustainable construction (Ayarkwa et  al., 2017). 
According to Ayarkwa et al. (2017), actions such as a change in legislation, building 
code and bylaws, tax rebates/subsidies on green products and availability of inte-
grated technology can promote and enhance sustainable construction in Ghana 
(Table 9.2).

9.4  Lessons Learnt

The construction industry in Ghana contributes to the socio-economic development 
of the country. It is patterned on the UK model. The ministry of works and housing 
is the agency responsible for construction works in Ghana. Despite the reported 
challenges, construction professionals are aware of the benefits of sustainable con-
struction in Ghana. However, the implementation of sustainable construction is at 

Table 9.1 (continued)

Barriers
Research 
approach Sample Reference

Lack of building codes and 
regulations
Lack of incentives
Higher investment cost
Investment risks
Higher final cost
Unavailability of design and 
construction team
Lack of technology
Lack of training
Lack of cooperation

Mixed 
methods

Contractors and 
consultants in the UK

Opoku and Ahmed 
(2014)

Increased capital cost contract 
requirements
Large size and diverse company 
activities
Perception that sustainability 
costs more
Managing competing and 
conflicting targets with other 
business aims
Sustainability is down on the 
boards’ priority list

Quantitative Architects in Ghana Bangdome-Dery and 
Kootin-Sanwu (2013)
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Table 9.2 Drivers of sustainable construction

Drivers
Research 
approach Sample Reference

Client demand and requirements
Stakeholder influence
Cost efficiency
Competitive advantage
Legislation and regulations
Awareness and knowledge by top 
management
Clear and consistent guidelines for 
measuring sustainable construction
Win more contracts to remain in 
business
Financial incentives (tax rebates, 
high-profit margin)
Company’s reputation and brand 
image to attract and retain the right 
staff
Availability of life cycle cost 
analysis
Moral obligation to protect the 
environment
Investment

Quantitative Architects in Ghana Ayarkwa et al. 
(2017)

Regulations
Costs, risks and market value
Demand and the role of clients
Tendering and procurement 
processes
Process phases and scheduling of 
tasks
Cooperation and networking
Knowledge and common 
terminology
Availability of integrated methods
Innovation

Quantitative Construction 
professionals in 
Finland

Bash and 
Hakkinen, 
(2015)

Demand by stakeholders
Financial benefits
Need for corporate/social 
responsibility
Environmental sustainability

Qualitative South African 
construction 
professionals

Windapo (2014)

Financial incentives
Building regulations
Client awareness
Client demand
Planning policy
Taxes/levies
Labelling/measurement
Investment

Construction 
professionals in the 
UK

Pitt et al. (2009)

(continued)
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the infant stage, where the accrual of benefits is minimal. The construction industry, 
and by implication the built environment, is a significant contributor to global cli-
mate change and other environmental threats. It consumes three billion tons of 
global raw materials annually and produces an enormous amount of waste. Climate 
change may continue to be a global threat for generations to come if practical 
actions are not expedited in the built environment. The sector needs to take practical 
action to mitigate the impact of various threats. The research on the carbon and 
ecological footprint is of particular significance in dealing with climate change to 
restore the ecological balance.

Sustainable construction practices are not frequently used in Ghana. The main 
barriers to the implementation of sustainable construction include lack of financial 
incentives, lack of demand, lack of governmental commitment, lack of legislation 
and lack of building codes and regulations to promote sustainable construction. The 
client demand and requirements appear to be the main drivers of sustainable con-
struction in Ghana. However, there is no distinctive difference between barriers, 
drivers and enablers of sustainable construction because various researchers use the 
terms interchangeably. There is a need for further research to define these terms. 
This will help increase the awareness level for implementing sustainability.

9.5  Conclusion and Way Forward

The construction industry in Ghana has significantly improved, and there is a grow-
ing awareness for adopting sustainability practices in the sector. However, the litera-
ture on sustainable construction in Ghana is minimal. As such, this study contributes 
to the literature on sustainable construction in general and Ghana in particular on 
the current state of implementing sustainable construction practices in Ghana. It is 
concluded that sustainable construction practices are marginal in Ghana (Ahiabu 

Table 9.2 (continued)

Drivers
Research 
approach Sample Reference

The imposition of stricter 
regulations
Establishment of the longer 
customer-supplier relationship
Awareness of the environmental, 
social and economic impact
Implementation of an environmental 
management system
Push from the top management
Implementation of ISO14,000 kind 
of certifications

Quantitative Construction 
professionals in India

Arif et al. 
(2009)
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et al., 2019), although the industry is a significant consumer of natural resources 
that contribute to climate change. In effect, there should be an increased level of 
awareness of the benefits of sustainability to ensure that more projects adopt sus-
tainable construction measures to reduce carbon and ecological footprint, which can 
reportedly combat climate change (Garcia-Olivares, 2015). The government of 
Ghana should introduce financial incentives to construction companies and profes-
sionals in the built environment that adopt sustainability to lower the negative envi-
ronmental impact of construction activities. The following actions could be taken to 
reduce the effects of construction activities on the environment:

Minimisation of resources consumption.
Improvement of indoor air quality.
Avoidance of environmental health problems.
Use of recycled materials.
Waste reduction and maximisation of reuse.
Increased sustainability literacy and education.
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Chapter 10
Key Factors Influencing Deployment 
of Photovoltaic Systems: A Case Study 
of a Public University in South Africa

Nutifafa Geh, Fidelis A. Emuze, and Dillip Kumar Das

10.1  Introduction

Globally, universities are on a quest to transform their campuses by implementing 
numerous sustainable initiatives. By so doing, universities are ensuring that their 
activities are ecologically sound, socially and culturally just and economically via-
ble (Orr, 2002). Since, universities are similar to small towns having several build-
ings which need energy to operate, the adoption of photovoltaic (PV) system 
presents enormous potential for improving the energy performance of the vast port-
folio of buildings. In fact, it is reported that the limited availability of green build-
ings, where the principles of sustainability are demonstrated, is a significant barrier 
to sustainable development implementation and innovation in universities (Ávila 
et al., 2017). According to the categorisation provided by Ávila et al. (2017), adop-
tion of PV system belongs to operational innovation, which is the introduction of 
tools to enhance and maximise the operations of an institution.

Regarding the operationalisation of sustainability within universities in Africa, 
the study of Ulmer and Wydra (2019) involving 29 different universities in 16 
African countries confirmed that there appears to be ongoing implementation of all 
4 sustainability strategies—research, teaching, campus operations and community 
outreach—in the universities. Although greenness variation exists across universi-
ties, generally, the uptake of PV systems among South African public universities 
appears to remain rather marginal and far below expectation. Similar to diffusion of 
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other innovations, deployment of PV systems is influenced by several factors. For 
example, high investment cost, lack of financial resources, lack of support from 
institution administrators, lack of planning and focus and unavailability of space for 
installation can inhibit adoption of PV systems (Ansari et  al., 2013; Ávila et  al., 
2019; Mah et al., 2018; Shah et al., 2019). Although a significant number of research 
projects examined the factors which influence the adoption of PV systems, it is 
evident that studies were largely focused on individual adoption in households and 
communities. Research exploring the phenomenon from organisational perspective 
is rather limited. In addition, studies examining the phenomenon exclusively in the 
context of South African universities (SAUs) seem to be lacking. However, the 
study of Awuzie and Emuze (2017) provided insight on the phenomenon when they 
investigated the drivers for implementation of sustainable development (SD) in a 
SAU. The authors found that the case study institution pursued alternative sources 
of energy (renewable energy) because it was reckoned as ‘cheaper’ than conven-
tional sources of electricity (Awuzie & Emuze, 2017). Within this context, a com-
prehensive analysis of the factors influencing upscaling of PV systems within SAU 
context is worthwhile. Thus, the aim of this study, through review of extant litera-
ture and interview of experts in a SAU, is to (1) ascertain progress on deployment 
of PV systems in a SAU, (2) identify the various factors which adversely influence 
upscaling of the technology and (3) determine the appropriate strategies to enhance 
deployment.

10.2  Literature Review

The quest by universities to pursue sustainable development is bound to face chal-
lenges. The literature on diffusion of PV systems has shown that barriers exist in 
both developed and developing countries. The search for literature revealed that 
there is limited published research focused exclusively on barriers within university 
context. However, there are research findings that give insight on barriers faced by 
universities. For instance, literature on sustainable development implementation or 
campus sustainability execution gives indication of barriers that bear on adoption of 
PV systems. Therefore, literature from such areas can augment literature that spe-
cifically addresses adoption of PV systems.

Photovoltaic systems are the second most deployed renewable energy technol-
ogy in the world by installed capacity after wind. This success is greatly attributed 
to the technology’s falling cost (International Renewable Energy Agency [IRENA], 
2019). Nevertheless, it is still expensive to install PV systems. A significant body of 
literature confirms that the high initial cost and unavailability of funds to invest in 
projects are the prime barriers to adoption (Balcombe et al., 2014; King et al., 2014; 
Kurata et al., 2018; Mah et al., 2018; Nygaard et al., 2017). The payback period for 
investments in PV systems is also normally long, and this can foster non-adoption 
because it takes long to recoup capital investment. In a similar manner, when the 
benefits to be gained from using PV system is unknown or unappreciated, it can 
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cause people not to adopt, and so is lack of incentives (Ansari et al., 2013; Balcombe 
et al., 2014; Garlet et al., 2019; Sindhu et al., 2016). Unavailability or complexity of 
lease or power purchase agreement (PPA) contracts can hinder adoption (Rai et al., 
2016; Rosales-Asensio et al., 2019). Likewise, lack of established dealer network 
can be a barrier to uptake of PV systems (Pode, 2010). Unavailability of space could 
also trigger non-adoption. In some cases, existing regulations require high-rise pub-
lic housing blocks to reserve rooftop area as a refuge for occupants in case of fire, 
and this could place limitation on the space that is available for PV installation (Mah 
et al., 2018). It can also be due to poor solar orientation of homes and roof architec-
ture (Garlet et al., 2019). Other times, it can result from structural challenges, fear 
of damage to roof which can cause leaks or shades produced by tall adjacent build-
ings or tress (Walters et al., 2018; Zhang et al., 2012). For PV systems to function 
efficiently, it is necessary to have a systematic maintenance culture in place. This 
added responsibility and cost can also trigger non-adoption (Sindhu et al., 2016).

Concerning SD operationalisation within higher education institutions (HEIs), it 
is suggested that universities in developed countries are leading while those in 
developing countries are laggards (Ávila et al., 2019). Ávila et al. (2017) through a 
survey, involving 301 respondents from 172 universities around the world, exam-
ined the barriers to innovation and SD implementation. The authors found that lack 
of support from university administration seems to be the biggest hurdle. Some 
other important factors identified were lack of policies which promote green build-
ing practices, lack of incentives, lack of environmental committee, lack or inade-
quate planning and focus and resistance to change. The barriers identified by Ávila 
et  al. (2017) were further corroborated by Ávila et  al. (2019) when the authors 
undertook comparative analysis from continental perspective—North and South 
America, Africa, Asia, Europe and Oceania. The work of Richardson and Lynes 
(2007) provided insight on factors which could inhibit the execution of green build-
ing practices on university campuses. This study found lack of incentives (resulting 
in low motivation), lack of support and commitment from stakeholders with 
decision- making power and lack of quantifiable green building targets as key barri-
ers. In a similar manner, Kasai and Jabbour (2014) found that lack of financial 
incentive is negatively correlated to adoption of green buildings by universities.

An analysis of facility directors’ perception of the challenges to sustainable pro-
curement (SP) in HEIs in Nigeria and South Africa revealed that lack of commit-
ment and support from organisational leadership, lack of funding, non-specification 
of SD-based requirements in contract documents and lack of commitment from 
HEIs were hampering progress. Regarding initiatives occurring on campuses to fos-
ter SD implementation, Mawonde and Togo (2019) reported that the University of 
South Africa (UNISA) is undertaking several projects, including installation of 
solar panels. The university is, however, said to be having funding challenges 
(Mawonde & Togo, 2019). Green movements, in the form of student-led organisa-
tions which advocates for greenness within universities, are also emerging in SAUs. 
For example, Green Campus Initiative is a popular action group launched in 2012, 
and its presence is reported in several SAUs (South African Government News 
Agency [SANews], 2012). The relevance of sustainability offices in fostering SD in 
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universities is also emphasised in the literature, and their lack can leave a gap within 
a university community (Adomßent et al., 2019; Filho et al., 2019). Another impor-
tant key player in the energy sector is government, and the literature is unambiguous 
about the significant role of governments. For example, legislations and fiscal incen-
tives are one way governments can foster investments in renewable energy. Therefore 
the lack of these support systems from government can slow the rate of diffusion of 
PV systems in a locality (Mah et al., 2018; Shah et al., 2019).

10.3  Research Methodology

This study adopted a case study design approach. This approach was preferred 
because it offered the opportunity to conduct a detailed and intensive analysis of 
issues exclusively pertinent to the case study (Bryman, 2004; Kumar, 2011). The 
selected case is Central University of Technology, Free State (CUT), in South 
Africa. CUT is one of the 26 public universities with two campuses; the main cam-
pus is located in Bloemfontein, and the second campus is in Welkom. The institu-
tion was established in 1981 as Technikon Free State, and it was in 2004, due to the 
re-branding and merging of universities in South Africa, that the institution received 
its new name and unique identity as a University of Technology (UoT). The univer-
sity provides a wide range of programmes at undergraduate, graduate and post-
graduate levels. CUT has a student population of 20,676 as of January 2020.

A two-step approach was adopted in collecting the data. Firstly, information was 
gathered from institution documents and website to ascertain the level of deploy-
ment of PV systems at the institution, including site visits. In addition, information 
gathered at this stage was verified from the institution’s Estates and Infrastructure 
Department. Secondly, semi-structured interview with key stakeholders was con-
ducted to identify key factors which adversely influence deployment and to deter-
mine the strategies to enhance upscale of PV systems. The interview protocol was 
structured into two parts—the first section sought for background information, and 
the second section comprised three questions regarding participants’ views on bar-
riers, solution to the barriers and general comments. The interview protocol was 
submitted to the university research committee, and approval was received before 
the data was collected.

Purposive sampling technique was used in selecting participants for the study 
(Bryman, 2004). This approach was deemed most suitable due to the objective of 
selecting only participants who were well informed about deployment of PV sys-
tems. Participants were selected and invited to participate in the study if they were 
involved in infrastructure development and building maintenance and/or SD 
implementation in the university. Due to COVID-19 restrictions, communication 
with the selected participants was via email—the interview protocol was sent to 
all 15 selected staff requesting them to grant an interview. Follow-up emails were 
sent to people who did not respond to the email after 2 weeks. A total of seven 
staff participated in the study (referred to as P1, P2, P3, P4, P5, P6 and P7), and 
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the average year of employment with CUT is 13.7 years (Table 10.1). The partici-
pants consisted of four general staff and three academic staff. Because the focus 
of the study is to elicit information on factors hampering progress, the authors 
were of the view that respondents will be more open to share their views when 
they have surety of confidentiality and anonymity in the reportage of their views 
on the phenomenon. Therefore, the interviewees were given this assurance prior 
to engaging them in the study. This was also the reason for the limited information 
provided on interviewees’ demographics in Table  10.1. In all, five participants 
were interviewed via Zoom in May–June 2020 when university staff were work-
ing remotely due to COVID-19 restrictions (P1, P2, P3, P4, P5). After restrictions 
were partly lifted, one face-to- face interview was conducted at the Bloemfontein 
campus in July 2020 (P6). Interview sessions lasted for an average of 30 min, and 
sessions were recorded by permission of the interviewees. Prior to ending the 
interview sessions, the interviewer reiterated the points highlighted by the inter-
viewees before requesting general comments from them at the end. This ensured 
re-affirmation of the views of the respondents and also enhanced accuracy in 
reportage of their views. One participant could not be interviewed, hence the 
interview questions were emailed to the participant, and it was filled and 
returned (P7).

The recordings from the interviews were manually transcribed verbatim, and the 
textual data was thereafter thematically analysed. The analysis was manually car-
ried out in line with the guidelines recommended by Kumar (2011). The analysis 
process included identifying the main themes which emerged from the data, organ-
ising responses under the main themes and integrating themes and responses in the 
text in the report (Kumar, 2011, p. 278). The seven main themes which emerged 
from the data are presented and discussed in the next section.

10.4  Results and Discussion

In this section, the findings are presented and discussed in accordance with the 
objectives. First, the progress on PV installation at the case study university is pre-
sented. Second, the challenges facing further deployment of the technology are 

Table 10.1 Information on interviewees

No Stakeholder group Reference code Years of employment at CUT

1 Academic staff P1 5
2 General staff P2 20
3 General staff P3 15
4 Academic staff P4 25
5 General staff P5 8
6 General staff P6 10
7 Academic staff P7 13
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presented and discussed, and the strategies which were deemed necessary to aid 
upscaling are set forth (Table 10.2 and Fig. 10.1).

10.4.1  Photovoltaic Systems Deployment at CUT

The institution’s first solar project was launched in 2013, and this was the instal-
lation of ten 40 W cell phone solar-powered charging stations on Bloemfontein 
and Welkom campuses for use by students. The charging stations were called 
solar- flower, and each of the ten stations can charge up to four devices simultane-
ously. The solar-flower was designed, fabricated and installed by CUT’s internal 
experts (Central University of Technology [CUT], 2014). Furthermore, in 2018, 
the institution completed a 153  kW capacity solar project—12 dual-axis solar 

Table 10.2 Factoring influencing upscaling of photovoltaic systems

No Description
Interviewees
P1 P2 P3 P4 P5 P6 P7

1 Funding challenges x x x x x x x
2 Installation space challenges x x x x
3 Limited commitment to operationalising policies and 

practices
x x x

4 Limited knowledge regarding the benefits x
5 Lack of sustainability office x x
6 Lack of schemes which support PV development x x x
7 Lack of external pressure or motivation x x
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Fig. 10.1 Photovoltaic deployment framework
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tracking PV systems mounted on 8-m-high masts. The project was executed in 
collaboration with a private partner—Karah Assets (Pty) Limited—and is located 
at the Bloemfontein campus (CUT, 2018). Energy storage systems were not 
installed; hence, the power generated is not stored but is directly fed into the local 
grid of the university. The 153 kW system was funded by Karah Assets (Pty), and 
the private partner is also responsible for maintenance of the system; the univer-
sity pays for the power consumed at an agreed price which is lower than the mar-
ket price. The 153- kW system is also used for educational and research purposes. 
Also, since 2014, the Faculty of Engineering, Built Environment and Information 
Technology has been carrying out PV installations in phases on BHP Billiton 
Building at Bloemfontein campus. This project has been mainly executed for edu-
cational and research purposes. Currently, installation on the rooftop of BHP 
Billiton Building has reached a total capacity of 20 kW, and the electricity gener-
ated is used in the building.

10.4.2  Factoring Influencing Upscaling of PV Systems 
and Remedial Measures

Interviewees identified various factors which they perceive are adversely influenc-
ing the upscaling of PV system at CUT. Overall, seven main factors emerged from 
the data and are discussed below (Table 10.2 and Fig. 10.1).

 Funding Challenges

It is widely acknowledged that PV systems are still quite expensive, and the high 
initial cost is a major factor which can hamper deployment (Kurata et al., 2018). 
Apart from the panels, there are other expensive components, such as cabling and 
energy storage systems (P2, P4, P6). All the interviewees perceived that a major 
challenge facing upscaling of PV at CUT is related to funding. According to P2, 
‘obviously the first one is financial’, and P1 opined that, ‘funding is a major chal-
lenge’. Mainly, the respondents were of the view that PV projects were not receiv-
ing the needed funding because of two major reasons. Firstly, it was believed there 
is lack of funds, and secondly because the university has other pressing needs which 
require financial resources, hence funds were allocated to these needs which were 
perceived to be of higher priority. Respondent P5 expounded on the latter phenom-
enon by saying,

When you bring solar power and other requirements you find that if you try to categorise, it 
doesn’t rise to the level where it is funded in the categories (P5).

Additionally, one of the respondents spoke concerning the same subject by articu-
lating that although money is being made available for infrastructure development 
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by the Department of Higher Education and Training (DHET), the funds are not 
invested in PV systems when decisions are taken, because it is considered as being 
too expensive (P3).

In offering solutions to the funding challenges, it was suggested there should be 
long-term planning to make sure there is dedicated funding for PV projects (P5). It 
was also advocated that general procurement systems are not best suited for PV 
procurement, especially when only PV is being procured and not a building project, 
hence the need to innovate procurement processes that give more value for money 
(P2, P5). The university’s current 153 kW PV system is based on a public private 
partnership, where the university pays for the power that is generated, and this 
option is seen by some of the respondents as a viable acquisition option that the 
university can continue to explore in upscaling PV systems on campus, as opposed 
to acquiring the system on outright purchase basis (P1, P2, P6).

 Challenges Relating to Installation Space

Unavailability or limited space could also trigger non-adoption or hamper upscaling 
of PV projects (Mah et al., 2018; Walters et al., 2018; Zhang et al., 2012). This study 
identified one of the challenges CUT is tackling, that is, finding suitable spaces to 
install the PV systems at affordable price and also to ensure that it performs at opti-
mal level without affecting campus aesthetic. Specifically, it was confirmed by 
interviewees P4 and P6 that the university is currently planning to expand the 153- 
kW installation, and this requires installation of additional solar trackers like the 
existing systems at convenient positions on campus or installing fixed systems. The 
spatial challenge pointed out by the interviewees is only peculiar to Bloemfontein 
campus (P1, P4, P6, P7). However, it was wholly acknowledged that Welkom, as a 
developing campus, has a lot of space for PV installations.

In overcoming the challenge relating to space, interviewees recommended care-
ful planning and assessment of spaces that can be used to install more PV systems, 
both within and outside the university campus. For instance, interviewee P4 con-
firmed the university is in consultation with owners of an adjoining private property 
to secure space for expansion of the PV systems.

 Limited Commitment to Operationalising Policies and Practices

Universities in their quest to implement SD tenets have realised the need to set out 
clear visions and policies that will guide action and development. It is therefore 
laudable and not surprising that CUT adopted its Vision 2020 in 2010. Consequently, 
the institution’s commitment to its transformation agenda is affirmed and revealed 
in several policy documents, such as: (1) Transformation Plan 2016–2020, (2) the 
2016–2020 Strategic Plan, (3) the special project for the period 2018–2022 approved 
at the Management Lekgotla held on 28–29 September 2017 and (4) the ongoing 
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development of Vision 2030 and Strategic Plan 2021–2025 (CUT, 2010, 2017a, 
b, 2020).

According to Richardson and Lynes (2007) and Shriberg (2003), top leadership 
commitment and support is a significant driver for delivering sustainable practices 
in universities. Also, the study of Ávila et al. (2017, 2019) established that limited 
commitment from decision-makers can significantly impair innovation and SD 
operationalisation within universities. Similarly, the findings from this study sug-
gests that limited commitment to operationalising university policies and green 
building practices, such as PV deployment during new construction/refurbishment 
projects, is a major factor which influences PV deployment rate at CUT (P1, P3, 
P4). In providing insight on this institution-related barrier, respondent P3 opined by 
stating:

The barrier is commitment as far as I am concerned. The university does have sustainable 
development policy and it’s got a commitment. So the commitment [has to go] beyond 
paper. The major barrier is operationalising your commitment. Because by operationalising 
you need to commit resources, financial resources (P3).

In overcoming the commitment barrier, it was suggested there should be a system in 
place which in a way ‘forces’ the university to ensure that new buildings incorporate 
PV systems at the time of construction or make provision for easy installation at a 
later time. Refurbishment of existing buildings was also suggested to be executed 
with similar principles to afford the same opportunities (P1, P3, P4).

 Limited Knowledge or Appreciation of Benefits from Existing Projects

There is a general consensus among scholars that people or organisations adopt 
innovations because of the perceived benefits (Balcombe et al., 2014; Davis, 1989; 
Iacovou et al., 1995). However, it has also been recognised that, when people per-
ceive that the benefits are too small, it could trigger non-adoption. For example, 
Balcombe et  al. (2014) found that some people would reject PV because of the 
perception that the environmental benefits are too small. In like manner, a respon-
dent postulated that, although the university is planning to upscale, the motivation 
is very low and the university has not attained the level it could have in terms of 
deployment because there is limited buy-in from stakeholders. According to this 
respondent, there is limited buy-in because the benefits accrued from existing proj-
ects may not be satisfactory or acknowledged enough to motivate a speedy upscal-
ing of the institution’s PV portfolio (P1). Reiterating the importance of knowing the 
benefits of existing projects in order to engender further deployment, interviewee 
P1 stated that:

Before you go in to say you want to undertake a bigger one, a large scale one, what is the 
impact this one has made now on the balance sheet of the university, on occupant comfort 
in the building … do we see light from the solar being used during load-shedding? … so 
limited knowledge concerning the impact of what we have now, or the phase one we have 
now can serve as a barrier because you can’t secure buy ins (P1).
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The main evidence from the data points out that better communication of the impact 
of existing projects is very essential in motivating and securing maximum support 
from decision-makers for scaling up. It was also suggested there is the need to com-
pute the life cycle cost of projects and showcase the benefits that are accruable 
across the whole of PV lifecycle.

 Lack of Sustainability Office

Evidence from the literature alludes that sustainability offices (SOs) are very key in 
strengthening collaboration among stakeholders and an effective tool in driving and 
supporting the implementation of sustainable initiatives within universities 
(Adomßent et  al., 2019; Filho et  al., 2019). SOs can also be useful in fostering 
awareness among students and staff on matters relating to sustainable development 
(ibid). In congruence with the literature, another factor pointed out by some inter-
viewees was the lack of sustainability office (SO) in CUT. According to some inter-
viewees, there used to be a SO in CUT, but it was shut down for unknown reasons 
(P2, P3).

Although the lack of SO in CUT is not a direct barrier to deployment of PV, the 
lack of it indirectly creates an impact due to the vacuum it creates in terms of advo-
cacy roles. The findings therefore suggest that perhaps the presence of SO could 
further enhance implementation of sustainable initiatives at CUT, including deploy-
ment of PV systems.

 Lack of Schemes Which Support Photovoltaic Development

The scores allocated to energy in green building rating systems are very substantial. 
Score are awarded for energy efficiency as well as for renewable energy generation. 
Green certification of university buildings can therefore trigger the adoption of PVs 
as a green energy generation instrument in buildings. According to P1, green build-
ing rating can be a subtle way of encouraging universities to adopt PVs. Similarly, 
self-reporting frameworks, for example, Sustainability Tracking, Assessment and 
Rating System (STARS), can encourage universities to implement sustainable ini-
tiatives and report their sustainability performance. Therefore, the absence of such 
schemes could diminish sustainability drive on campus. The lack of green-rated 
buildings and the lack of campus sustainability self-reporting framework were 
affirmed by interviewees as factors which may have diminished the drive to upscale 
PV in CUT (P1, P3, P5). Interviewee P5 articulated this view by saying:

So if you look at all these public institutions in South Africa and you ask which ones have 
any kind of certification, there is nothing, simply because that is not a requirement and the 
second nobody is demanding that. So again, if you certify it is a luxury, it is you who want 
to pursue that one (P5).
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Although universities are not mandated to certify their building, the interviewees 
were in agreement that it would be impactful if universities are encouraged to con-
struct green buildings and have it certified. Also, according to P5, the adoption of a 
campus sustainability self-reporting framework can boost PV deployment, and it 
was confirmed by the same respondent that the university is in the process of filling 
this gap.

 Lack of External Motivation and Incentives

The lack of incentives to universities also emerged as a relevant factor which lessens 
the determination for PV deployment at CUT. Other scholars, such as Kasai and 
Jabbour (2014) and Richardson and Lynes (2007), also found incentives to be an 
essential driver for construction of green buildings in universities. Furthermore, the 
absence of demand for solar electricity and pressure from institution stakeholders, 
such as students and staff, were cited as factors that indirectly influence PV deploy-
ment decisions. A comment from an interviewee was:

Because we are educating people for sustainability and they always know that using solar 
is more sustainable … so now if there is pressure from users that we want more of solar 
electricity … that pressure group will make the university dedicate more funding for it (P5).

The literature affirms that government legislations and policy are very instrumental 
in renewable energy development (Mah et al., 2018; Shah et al., 2019). This study 
identified that there is a belief that the lack of appropriate legislation which pro-
motes renewable energy development in universities affects PV deployment deci-
sions at CUT (P1). In addition, it was acknowledged that Department of Higher 
Education and Training (DHET) which is the financier of most university buildings 
does not make construction of green buildings (by extension PV adoption) manda-
tory (P5). It is therefore the view of some interviewees that incentives, legislation, 
end-user demand and DHET ‘motivation’ could help in installing more PVs 
on campus.

10.5  Conclusion

Universities can partly succeed in the transition to green campus by adopting sus-
tainable building practices such as the installation of PV systems. Understanding 
the dynamics of PV deployment on campuses is important to make the transition 
happen effectively. By adopting a qualitative case study research design, this study 
examined the views of university staff at a SAU and contributed to the existing body 
of knowledge in two key ways. First, it provided insight into seven factors that could 
negatively impact the upscaling of solar PV.  This includes funding challenges, 
installation space challenges, limited commitment to operationalising policies and 
good building practices, limited knowledge regarding benefits, lack of sustainability 
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office, lack of schemes which support PV development and lack of external motiva-
tion and incentives. Second, it produced valuable insight from the experts on pro-
posed measures to enhance diffusion of PVs. The findings of the study are limited 
to the case study and do not offer generalisation of the results across public universi-
ties in South Africa. Also, the findings are solely based on the perception of the 
informants, and although the participants were purposefully selected due to their 
role and expertise, the authors acknowledge the possibility that the views of the 
participants may not be absolute interpretation of the phenomenon on campus.

Given the scope of the study, the findings are expected to be useful to relevant 
university stakeholders in devising strategies to strengthen the institution’s capacity 
to transform the built environment to serve better as a model in society. Furthermore, 
valuable insight is provided into strategic areas that government agencies, espe-
cially those in charge of infrastructure development, could look into to further sup-
port universities to transform into sustainable campuses.
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Chapter 11
Is It Possible to Develop Lamella and Airey 
Properties Ecologically?

Elliott Young

11.1  Introduction

This research paper investigates and draws conclusions about the most eco-friendly 
way in which to redevelop “non-traditional” properties to suit current building regu-
lations. The term “non-traditional” generally refers to prefabricated building sys-
tems where frames and construction methods are significantly different from those 
used for more traditional masonry construction. “1970 was the peak of the non- 
traditional housing phase with over 55,000 homes built and by 1975 around 420,000 
had been erected by local authorities in England and Wales alone” (Williams, n.d.). 
The two different types of non-traditional dwellings this paper has focused on are 
Airey, a common PRC frame structure, and Lamella, a timber-framed structure. 
These have been chosen from the wide selection of different dwellings, in order to 
provide a manageable research focus, based on a comparative approach leading to 
an appropriate common conclusion.

Consideration has been taken of other factors, such as cost, which might hinder 
the development of these dwellings. However, as public concern for global warming 
increases, can we afford not to update these uninsulated dwellings if we are to hit 
our government’s proposal that the UK will be the “first major economy to pass new 
laws to reduce emissions to net zero by 2050” (GOV.UK, 2019). “If you really think 
that the environment is less important than the economy, try holding your breath 
while you count your money” (McPherson, 2019).
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11.2  Literature Review

There is currently very limited impartial literature on non-traditional dwellings. 
Due to this, the main background information on this topic comes from the 
BRE. This is supplemented throughout using private lucrative companies’ informa-
tion; however, this may be biased, so less academically robust. Sources include:

11.2.1  BRE

The BRE have outlined the building structures and their inherent defects, with over 
400 non-traditional dwelling types in their publication, Non-traditional Houses: 
Identifying Non-traditional Houses in the UK 1918–75. They provide a more in- 
depth analysis into Airey properties in their “Airey houses: technical information 
and guidance” publication. These publications have been used as a base point from 
which to find out possible development options.

11.2.2  Structherm

This company has done extensive research into the solution for developing Airey 
properties with structural external wall insulation. Their work in this field has been 
considered as part of this research paper to rectify the inherent defects of Airey 
properties.

11.2.3  Mapei

Mapei is a company that has researched into the structural strengthening of concrete 
structures, and from this, it has designed products to strengthen and repair a wide 
range of concrete structure failures. Its research has also been considered to derive 
a method of rectifying the Airey concrete structure defects.

11.3  Research Review and Methodology

The design of the methodology for the research used qualitative and quantitative 
mixed methods (Creswell & Creswell, 2017). This rationalised the triangular rela-
tionship between philosophical worldviews, appropriate research designs and 
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research methods and how each of these can be used to help format and structure 
this paper. The research review considered the following:

11.3.1  Philosophical Worldview

Of the four main philosophical worldviews, Post-positivism, Constructivism, 
Transformative Paradigm and Pragmatism, the best matches for this topic of 
research were considered to be Constructivism and Pragmatism, because 
Constructivism is the act of “relying as much as possible on the participants’ views 
of the situation being studied. The questions become broad and general so that par-
ticipants can construct the meaning of a situation, typically forged in discussions or 
interactions with other persons” (Creswell & Creswell, 2017). The justification for 
using this philosophy as a basis for this research is the need to construct a general 
view from expert practitioners. Similarly, Pragmatism is where “researchers empha-
size the research problem and question and use all approaches available to under-
stand the problem” (Creswell & Creswell, 2017). This philosophy was therefore 
considered appropriate to use to identify the current defects within the two property 
types and the ways in which to rectify them.

11.3.2  Research Designs

The three main research designs for this type of research are quantitative, qualitative 
and mixed methods. Due to the nature of this topic, the research process has adopted 
a mixed method design, because of the need for exploratory sequential procedures 
of review and data comparison. For example, “the researcher first begins with a 
qualitative research phase and explores the views of participants. The data is then 
analysed, and the information used to build into a second, quantitative phase” 
(Creswell & Creswell, 2017). It was considered that this research design would help 
to extrapolate the participants’ data into usable information and see if it matches up 
with existing literature.

11.3.3  Research Methods

In order to conduct the research, the process incorporated comparative analysis of 
the reported current defects with the Lamella and Airey house types using existing 
literature and data from a structured questionnaire undertaken with senior architec-
tural technologists, who specialise in the field under research. This comparison 
helped to identify and clarify where explanations were incomplete or unavailable. 
Questions included the analysis of the consistency or peculiarity of these defects 
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across the construction and performance of these house types; for example: are the 
defects common to both types or peculiar to each?

11.3.4  Research Aims

This research attempted to identify the most eco-friendly way of redeveloping both 
Lamella and Airey properties.

The research questions are therefore:
What are the current defects within both property types?
What are the possible ways of rectifying these defects?
The ultimate question of this research asks:
Is it more practicable to redevelop or to demolish and rebuild in terms of impact 

on the carbon footprint?

11.4  Research Results

11.4.1  Questionnaire Survey

One of the main data inputs of this research paper is a questionnaire that was sent 
out to industry and to fellow academics within Leeds Beckett University, School of 
the Built Environment, Engineering and Computing. The questionnaire acquired 16 
responses, a response rate of 25%. The question format and responses were as 
follows:

Question 1—Have you ever heard of post-war non-traditional buildings 
within the UK?

Results showed 25% of respondents haven’t heard about non-traditional 
buildings.

Question 2—If your previous answer was yes, how did you come across build-
ings of this sort?

Some of the interesting answers for this question are:

My current employer.1

News story relating to housing estate in Oulton.2

Question 3—Which of these post-war non-traditional dwellings do you know of? 
(Fig. 11.1).

1 Quantity Surveyor practicioner from a professional social house developer company.
2 Architectural Technologist student undergraduate degree programme Leeds Beckett University 
(2016–2019).
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Question 4—Do you know if any of these non-traditional dwellings are deemed 
to have major defects by the Building Research Establishment?

The results were similar to that of question one with 25% of respondents not 
knowing about the Building Research Establishment’s stance on non-traditional 
dwellings.

Question 5—Are you aware of the current structural and ecological issues with 
non-traditional buildings? If yes, please explain.

This question raises many different points due to the open nature of the question. 
The most useful answers were:

A number of these dwelling were built as temporary housing due to a housing shortage fol-
lowing the war. The components used to build these properties, such as concrete, can be 
defective and deteriorate over time. These properties are generally hard to heat for residents 
and cost a substantial amount of money for housing providers to maintain.3

Structurally, it depends on which non-trad building you are dealing with and if the issue is 
an inherent defect due to the construction method of the building or if the defect has 
occurred later in its life… some can have no/little defects aside from the wear and tear 
caused by 50 years of use … whereas others are more prone to structural issues (Airey/
BISF’s)…4.

Question 6—What is your current understanding of fire protection in non- traditional 
buildings within the UK? (Fig. 11.2).

Question 7—Do you think that UK building regulations impede the efficient 
development of non-traditional structures under the current legislation? (Fig. 11.3).

Question 8—Do you believe that the UK government should be encouraging the 
future development of these buildings? (Fig. 11.4).

Question 9—In addition to the previous implications, are you aware of the 
advantages and disadvantages of updating these non-traditional buildings? If so, 
please explain.

The two main themes to the answers were, e.g.:

3 Senior Architectural Technologist practicioner from a professional social house developer 
company.
4 QProject Surveyor practicioner from a professional social house developer company.

Fig. 11.1 This figure showing percent of participants that know each non-traditional property type

Lamella

Airey

Swedish Timber

Cornish Unit

BISF

Other

None (12.5%)

(37.5%)

(87.5%)

(62.5%)

(50%)

(75%)

(50%)
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Yes… In simplistic terms I would state the following 4 advantages: Reuse of existing build-
ings will have a lower carbon footprint than knocking them down and starting again. Social 
Aspects, People enjoy living in them and don’t want to move out. Local authorities don’t 
have the facilities to decant residents and move them elsewhere while their home is knocked 
down and rebuilt. Upgrading of existing buildings will have a lower lifecycle cost than 
rebuilding, especially if the repair work can extend the lifespan up to 30 years.5 

I am a firm believer that it is more economically advantageous to demolish the majority of 
non-trad housing stock and replace with new housing. Non-trads were not built with longev-
ity in mind, they were a quick fix and yes you can externally refurbish (EWI)6 and structural 
strengthen (SEWI,7 concrete repairs, bracing, etc) non-trads but the cost to do this is still 

5 QProject Surveyor practicioner from a professional social house developer company.
6 External wall Insulation.
7 Structural external wall insulation.

Fig. 11.2 This figure showing participants’ understanding of fire protection in non-traditional 
dwellings, with 0 being no understanding and 5 being professional in the field

Fig. 11.3 This figure showing participant stance on whether the UK building regulations impeded 
the development of non-traditional dwellings
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significant and could be spent on demolishing and rebuilding houses. There are other con-
siderations to this such as there is already a housing shortage, if non-trads were demolished 
and rebuilt where would the people currently residing in non-trads be temporarily housed? 
But overall I believe it is more economically advantageous to demolish and rebuild.8

Question 10—Depending on your profession, would you be interested in the future 
development of these non-traditional properties (where possible), or are there any 
restrictions and/or concerns that would prevent you from doing so?

The majority of the participants agreed to develop non-traditional properties in 
the future with two participants adding additional useful information:

I think that there are restrictions on the re use of non-trads but this is often based on a poor 
understanding of what are the solutions that can be used to resolve these issues (Senior 
Architectural Technologist, 2019).

I would be interested to see if there are more financially viable repairs that can be imple-
mented to increase the lifespan of non-trads but at the moment, I do not believe the tech-
nologies are out there to do this and as mentioned earlier on, externally refurbishing 
properties with EWI is an expensive endeavour (Project Surveyor, 2019).

11.4.2  Existing Literature Review

In relation to alternative non-traditional dwellings, there are a high volume of Airey 
properties with “26,000” (Harrison, 2012) across the UK.  Airey properties (as 
shown in Fig. 11.5) were constructed between “1945–55…” by “…W Airey & Sons 

8 Project Surveyor practicioner from a professional social house developer company.

Fig. 11.4 This figure showing questionnaire feedback on whether the UK government should be 
encouraging the development of these buildings
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Ltd R Costain Ltd” (Harrison, 2012). These dwellings have a characteristic external 
wall of exposed aggregate PRC panels throughout with upper panels oversailing 
lower panels, in a hanging tile fashion. The corners of an Airey property have 
splayed PRC corner panels, in order to cover the storey height tapered PRC col-
umns, which support the hanging panels.

Airey dwellings are illustrated in the BRE book on page 135, Non-traditional 
Houses: Identifying Non-traditional Houses in the UK 1918–1975. The BRE lists 
their three major structural defects: “Cracking of PRC columns; Water penetration 
through PRC panels; High chloride content in PRC panels” (Harrison, 2012). An 
in-depth study was carried out by BRE, “In the early 1980s, investigation of fire 
damage to an Airey house revealed cracking to the structural PRC columns caused 
by an inadequate cover to the embedded steel reinforcement and chemical changes 
to the surrounding concrete” (Harrison, 2012). For these reasons the BRE have 
labelled the building type to be designated defective.

After the questionnaire research was completed and following the responses 
from the project surveyor used in the examples above, research was undertaken into 
SEWI and concrete repairs. This review highlighted two major design possibilities 
for Airey property development. The first option for Airey properties is to use a 
SEWI option with minimal works done as possible. The steps of this are:

Fig. 11.5 Example of Airey property (Google, 2020)
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Inspecting the existing concrete frame system for structural faults and repair 
using Mapei or similar concrete strengthening methods, thus repairing PRC col-
umns and increasing the protection from fire damage.

A structural external insulation to be installed—“The panels are joined with a 
rigid mesh which is mechanically clipped together to form a continuous monolithic 
structural system which stops movement in the walls and ties the property together” 
(Structherm, 2019), thus increasing thermal performance and the structural integrity 
of the property.

The second development option for Airey properties is to completely demolish 
and rebuild anew.

Lamella properties (as shown in Fig. 11.6) were built between “1946–1948” by 
“F Hills & Sons Ltd” (Harrison, 2012). Lamella properties have a “Distinctively 
shaped Lamella gable roof covered with tiles or metal sheeting, with projecting flat 
topped dormer windows” (Harrison, 2012). The vaulted roof is made up of criss- 
crossing parallel timber short battens. These are hinged together and bolted to form 
an interlocking diamond structure. This is then covered with sarking felt, battens 
and plain tiles. From the ground to the underside of the projecting eaves on the first 
floor, the construction is relatively commonplace, i.e. a no-fines concrete slab with 
300-mm-thick masonry wall construction.

Fig. 11.6 Example of Lamella property (Google, 2020)
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This building type is illustrated in the BRE book, Non-traditional Houses: 
Identifying Non-traditional Houses in the UK 1918–75, on page 579. Due to the 
construction, the major issues are deficiencies in fire stopping at eaves height and 
above, little or no thermal insulation above the ground floor masonry cavity wall 
structure and the current structural instability of the supporting timber framework 
due to moisture ingress from poor water tightness.

11.4.3  Professional Experience

During the first author’s career, he worked alongside a senior architectural technolo-
gist, mentioned above in the questionnaire, in a practice near Huddersfield. During 
his time at this company, notes were taken in his reflective practice work diary, 
which was under review by supervisors in the company. This section will extrapo-
late data from this work diary, focusing on three methods of development for 
Lamella properties.

The first option for Lamella properties is a redevelopment option with minimal 
work done as possible. The steps for this are:

Removal of the existing roof finish.
Galvanised straps fixed back into the existing Lamella roof structure. Straps to be 

built back into the gable wall.
Repair of the existing roof timber structure with like-for-like members.
Fire stopping to be installed at the party wall to provide a form of fire compart-

mentalisation between the two properties.
Insulation to be installed between the Lamella grid systems providing 100-mm- 

thick insulation across the roof structure.
Cover the Lamella timber frame with a breather membrane roofing felt; then 

counter batten using treated roof battens over the felt; and finally reinstall the tiled 
roof finish.

The second option requires more demolition. The steps for this option are:
Existing timber Lamella roof structure to be removed to wall plate level located 

at the first floor level.
Steel purlins to be installed to span from gable wall to party wall to support the 

roof structure.
Timber stud frame walls to be constructed to the first floor level to construct the 

lower mansard roof section.
Roof to be formed from loose rafters. Roof to be strapped back to the gable and 

fire stopping to be fitted at the party wall line similar to option one.
Completed wall and roof construction to be insulated and clad in a breather 

membrane and then to receive a roof tile finish similar to the existing construction 
on treated timber battens.

The third and final option is to completely demolish and rebuild anew.
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11.5  Discussion

11.5.1  Questionnaire

In the review of the questionnaire, one of the key factors that stood out is how little 
is known about these property types amongst the non-specialists, with 25% stating 
that they never knew they existed. This shows that there is a research and educa-
tional gap between the specialist and non-specialist parties. This can be backed up 
by the senior architectural technologist’s quote, “I think that there are restrictions on 
the re-use of non-trads but this is often based on a poor understanding of what the 
solutions are that can be used to resolve these issues”. This research paper high-
lights this gap and aims to increase the knowledge base of the industry.

The second key difference spotted in the questionnaire is the current clash of 
mind-set between the specialists. On the one hand, the majority of the parties 
involved with developing non-traditional dwellings regard cost as a main factor, and 
because of this they believe “it is more economically advantageous to demolish the 
majority of non-trad housing stock and replace it with new housing”1. On the other 
hand, the other party, normally the principal designer, thinks more about the envi-
ronmental factors and other key factors of the development and has the standpoint 
of “Reuse of existing buildings will have a lower carbon footprint than knocking 
them down and starting again. Also, in terms of the social aspects, people enjoy liv-
ing in them and don’t want to move out. Local authorities don’t have the facilities to 
decant residents and move them elsewhere while their home is knocked down and 
rebuilt. Upgrading of existing buildings will have a lower life cycle cost than 
rebuilding, especially if the repair work can extend the lifespan up to 30 years”3.

11.5.2  Airey

There are both positives and negatives to both options of development. The major 
ones are listed below:

Option 1—Redevelop the existing building envelope

Advantages Disadvantages

Existing Airey concrete frame is retained, which will 
reduce the carbon footprint of sourcing a new 
structure. It also makes the project shorter and more 
cost-effective

Proposed works may be impossible due 
to existing PRC columns being too 
eroded to be able to structurally 
strengthen them

Proposed works will rectify the structural issues by 
the use of the concrete structural strengthening

No upgrade of internal elements or party 
wall

Fire issues will be resolved by the coating of a 
concrete column with strengthening mortars and 
meshes
Thermal efficiency will be increased due to the new 
thermal element wrap
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Advantages Disadvantages

The aesthetic upgrade of the Airey property is 
transformational
A more cost-efficient method of development
No need to decant tenants due to the majority of the 
works being external

Option 2—Demolish and rebuild

Advantages Disadvantages

New building could be built to a Passivhaus 
standard

Greatly increased carbon footprint on 
construction compared to option 1

Could make use of renewable energy sources Increased construction cost and time for 
development when compared to option 1

New buildings’ lifespan could greatly outlive the 
30-year lifetime warranty on SEWI systems

11.5.3  Lamella

Looking over the possible options for developing Lamella properties, the key advan-
tages and disadvantages of each method are:

Option 1—Redevelop the existing building envelope

Advantages Disadvantages

Existing lamella frame is retained, which 
will reduce the carbon footprint of sourcing 
a new structure. It also makes the project 
shorter and more cost-effective

Proposed works may raise more structural issues 
due to unknown characteristics of the timber 
lamella frame

Existing key aesthetical bell-shaped gable 
retained

The proposed repairs to the roof space by reusing 
the existing structure may not enable all cold 
bridging issues to be resolved

Proposed works will rectify the structural 
issues by the use of the galvanised straps

All thermal improvement works are based on the 
amount of insulation that can be fitted within the 
existing timber roof structure, so they could 
struggle to achieve required U-values

Fire stopping at party wall lines will be 
resolved
Thermal efficiency will be increased within 
the lamella timber structure
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Option 2—Partial demolish with redevelopment

Advantages Disadvantages

The existing ground floor element is left untouched, thus 
reducing the carbon footprint compared to full demolition

Increased carbon footprint from 
sourcing the new roof structure

Existing non-traditional element of the roof structure is 
removed, furthering the lifespan of the property

Increased construction cost and 
time for development when 
compared to option 1

Structural issues and fire stopping at party wall lines will be 
resolved. This work would also be easier to undertake due to 
the ease of access when the existing roof structure is removed

Proposed works lose the 
characteristic bell-shaped gable 
of the house type

Thermal efficiency of the existing roof will be increased and 
could achieve greater thermal efficiency compared to option 1 
as insulation thicknesses could be increased within the 
proposed roof structure
Cold bridging could be eliminated as the works will allow a 
holistic approach to improving the properties

Option 3—Complete demolition and rebuild

Advantages Disadvantages

New building could be built to a 
Passivhaus standard

Greatly increased carbon footprint in construction 
compared to options 1 and 2

Could make use of renewable 
energy sources

Increased construction cost and time for development 
when compared to options 1 and 2
Proposed works lose the characteristic bell-shaped gable 
of the house type

11.6  Conclusion

This paper considers relevant academic, professional and trade literature and inter-
views concerning post-war non-traditional dwellings. These dwellings account for 
roughly 2% of the total UK domestic housing stock [using “25 million homes in the 
UK” (News.bbc.co.uk, 2019)]. The majority of these dwellings have poor thermal 
properties due to the method of construction; therefore, it is of utmost importance to 
rectify and redevelop these outdated properties if we are to hit our target of “emis-
sions to net zero by 2050” (GOV.UK, 2019). The paper highlights this disparity and 
helps to identify the most eco-friendly way of redeveloping both Lamella and Airey 
properties as a way of promoting this issue of research and development for the 
industry. The benefits and disadvantages of updating both these types of properties 
have been compared in order to propose a tentative solution for the most ecologi-
cally viable way for their development.
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11.6.1  Airey

The solution is tentative because of the uncertainty of ascertaining PRC’s chloride 
content, which leads to structural damage. However, in an ideal situation if the con-
crete columns are in a sound condition to repair and reinforce, then redeveloping the 
property using SEWI is the best option for an eco-friendly method of development.

11.6.2  Lamella

When developing the Lamella properties, longevity does need to be considered as 
option 1 (redevelop existing building envelope) is the most eco-friendly option. 
However, this does not increase the longevity of the dwelling due to the fact that the 
existing timber structure is retained, for which little or no structural test may have 
been completed. This draws us to the conclusion that the best option for Lamella 
properties is to re-roof with a mansard roof construction method, thus ensuring the 
longevity of the property with no deficiencies to the insulation provided at roof 
level. However, it loses the characteristic bell-shaped gable of the house type.

11.6.3  Research Review

The initial aims of the research paper have been met but not with sufficient evidence 
to definitely say what is the most eco-friendly way of redeveloping both Lamella 
and Airey properties, due to the limitations of time and resources. These limitations 
render the research as a first pass on possibilities for redeveloping and solving the 
existing UK housing crisis for non-traditional dwellings. This paper does, however, 
point out the current constraints and limitations for a more thorough feasibility 
study in the future.

References

Creswell, J., & Creswell, J. (2017). Research design qualitative quantitative and mixed 
methods 5th edition. [online] Slideshare.net. https://www.slideshare.net/dangledat12/
research- design- qualitative- quantitative- and- mixed- methods- 5th- edition

Google. (2020). Google maps. [online] https://www.google.com/maps/@53.6013988,- 1.794290
4,3a,75y,50.33h,86.45t/data=!3m7!1e1!3m5!1sBhnO9ct6d1ImWBqrfN84uw!2e0!6s%2F%2F
geo2.ggpht.com%2Fcbk%3Fpanoid%3DBhnO9ct6d1ImWBqrfN84uw%26output%3Dthumb
nail%26cb_client%3Dmaps_sv.tactile.gps%26thumb%3D2%26w%3D203%26h%3D100%26
yaw%3D292.8007%26pitch%3D0%26thumbfov%3D100!7i13312!8i6656

GOV.UK. (2019). UK becomes first major economy to pass net zero emissions law. [online] https://www.
gov.uk/government/news/uk- becomes- first- major- economy- to- pass- net- zero- emissions- law

E. Young

http://slideshare.net
https://www.slideshare.net/dangledat12/research-design-qualitative-quantitative-and-mixed-methods-5th-edition
https://www.slideshare.net/dangledat12/research-design-qualitative-quantitative-and-mixed-methods-5th-edition
https://www.google.com/maps/@53.6013988,-1.7942904,3a,75y,50.33h,86.45t/data=!3m7!1e1!3m5!1sBhnO9ct6d1ImWBqrfN84uw!2e0!6s//geo2.ggpht.com/cbk?panoid=BhnO9ct6d1ImWBqrfN84uw&output=thumbnail&cb_client=maps_sv.tactile.gps&thumb=2&w=203&h=100&yaw=292.8007&pitch=0&thumbfov=100!7i13312!8i6656
https://www.google.com/maps/@53.6013988,-1.7942904,3a,75y,50.33h,86.45t/data=!3m7!1e1!3m5!1sBhnO9ct6d1ImWBqrfN84uw!2e0!6s//geo2.ggpht.com/cbk?panoid=BhnO9ct6d1ImWBqrfN84uw&output=thumbnail&cb_client=maps_sv.tactile.gps&thumb=2&w=203&h=100&yaw=292.8007&pitch=0&thumbfov=100!7i13312!8i6656
https://www.google.com/maps/@53.6013988,-1.7942904,3a,75y,50.33h,86.45t/data=!3m7!1e1!3m5!1sBhnO9ct6d1ImWBqrfN84uw!2e0!6s//geo2.ggpht.com/cbk?panoid=BhnO9ct6d1ImWBqrfN84uw&output=thumbnail&cb_client=maps_sv.tactile.gps&thumb=2&w=203&h=100&yaw=292.8007&pitch=0&thumbfov=100!7i13312!8i6656
https://www.google.com/maps/@53.6013988,-1.7942904,3a,75y,50.33h,86.45t/data=!3m7!1e1!3m5!1sBhnO9ct6d1ImWBqrfN84uw!2e0!6s//geo2.ggpht.com/cbk?panoid=BhnO9ct6d1ImWBqrfN84uw&output=thumbnail&cb_client=maps_sv.tactile.gps&thumb=2&w=203&h=100&yaw=292.8007&pitch=0&thumbfov=100!7i13312!8i6656
https://www.google.com/maps/@53.6013988,-1.7942904,3a,75y,50.33h,86.45t/data=!3m7!1e1!3m5!1sBhnO9ct6d1ImWBqrfN84uw!2e0!6s//geo2.ggpht.com/cbk?panoid=BhnO9ct6d1ImWBqrfN84uw&output=thumbnail&cb_client=maps_sv.tactile.gps&thumb=2&w=203&h=100&yaw=292.8007&pitch=0&thumbfov=100!7i13312!8i6656
https://www.gov.uk/government/news/uk-becomes-first-major-economy-to-pass-net-zero-emissions-law
https://www.gov.uk/government/news/uk-becomes-first-major-economy-to-pass-net-zero-emissions-law


135

Harrison, H. (2012). Non-traditional houses. IHS BRE Press.
McPherson, G. (2019). 54 inspirational and shocking quotes on climate change. [online] Green 

Coast. https://greencoast.org/quotes- on- climate- change/
News.bbc.co.uk. (2019). BBC news. In Depth. [online] http://news.bbc.co.uk/1/shared/spl/hi/

guides/456900/456991/html/default.stm
Structherm. (2019). Wrexham aireys. [ebook] Structherm Ltd. https://www.structherm.co.uk/wp- 

content/uploads/2019/07/Wrexham- Westdale- 10513- 2019.pdf
Williams, P. (n.d.). Non-traditional houses; identifying non-traditional houses in the UK 1918-1975. 

Housing Studies, 21(3), 441–442.

11 Is It Possible to Develop Lamella and Airey Properties Ecologically?

https://greencoast.org/quotes-on-climate-change/
http://news.bbc.co.uk/1/shared/spl/hi/guides/456900/456991/html/default.stm
http://news.bbc.co.uk/1/shared/spl/hi/guides/456900/456991/html/default.stm
https://www.structherm.co.uk/wp-content/uploads/2019/07/Wrexham-Westdale-10513-2019.pdf
https://www.structherm.co.uk/wp-content/uploads/2019/07/Wrexham-Westdale-10513-2019.pdf


137© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. Gorse et al. (eds.), Climate Emergency – Managing, Building, and Delivering  
the Sustainable Development Goals, https://doi.org/10.1007/978-3-030-79450-7_12

Chapter 12
Implications of a Natural Ventilation 
Retrofit of an Office Building

Ashvin Manga and Christopher Allen

12.1  Introduction

Learn to look after your staff first and the rest will follow. Richard Branson

The relationship between the physical office environment and employee satisfaction 
has received global attention as a critical aspect contributing to business success 
(Budie et al., 2018). Raising satisfaction with the physical work environment has 
become a major corporate real estate strategy (Budie et al., 2018). Work environ-
ment satisfaction is the extent to which the physical work environment meets the 
needs of office users (Kim & de Dear, 2013). However, business parks are often 
poorly designed in terms of energy efficiency, indoor air quality and occupant ther-
mal comfort (Khatami, 2014). In addition, the affordability of mechanical ventila-
tion systems resulted in a decline of vernacular and passive design strategies used in 
office buildings; this has resulted in the increase of worldwide installed capacity of 
air-conditioning systems from below 4000 GW in 1990 to over 11,000 GW in 2016 
(Asfour, 2017). Energy consumption for indoor space cooling is anticipated to triple 
until 2050 (Braungardt et al., 2019), whilst the built environment sector contributes 
up to 30% of global annual greenhouse gas emissions and consumes up to 40% of 
all energy (Zhai & Helman, 2019; Geng et al., 2019).

Natural ventilation has been recognised as one of the most promising sustainable 
strategies to reduce building energy consumption, improve thermal comfort and 
maintain a healthy indoor environment (Tong et al., 2016; Wang, 2017). However, 
many local modern office buildings were constructed in the absence of passive 
design principles when research shows that most people favour natural ventilation 
and openable windows (Carrilho & Linden, 2016). In addition, they tend to show 
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increased thermal tolerance when occupying naturally ventilated buildings. Natural 
ventilation retrofits provide a possible solution. However, the perceived negative 
aspects to natural ventilation, namely, external ambient air pollution and increased 
internal particulate matter counts, need to be carefully considered in the decision- 
making process (Tong et al., 2016). However, data to inform this decision-making 
is limited, and therefore the aim of this research is to explore the impact a natural 
ventilation retrofit has on indoor air quality, occupant thermal comfort and ventila-
tion in a commercial office building located in Port Elizabeth, South Africa.

12.2  Indoor Air Quality

‘Indoor air quality or IAQ’ is what we experience as the temperature, humidity, 
ventilation and chemical or biological contaminants of the air inside our buildings 
(Brown, 2019). Many people spend 90% of their day indoors where air pollution 
can be two to five times more polluted than levels outside (Marta et  al., 2017). 
Furthermore, building environments are exposed to all kinds of textiles, equipment, 
paper, cleaning products and maintenance activities producing contaminants that 
leave indoor air very different from ‘fresh outside air’ (Brown, 2019). The health 
risks from exposure to indoor air pollution may therefore be higher than those 
related to outdoor pollution (Cincinelli & Martellini, 2017). In particular, poor 
indoor air quality can be dangerous to vulnerable groups such as children, young 
adults, the elderly or those suffering chronic respiratory and/or cardiovascular dis-
eases (Cincinelli & Martellini, 2017), the same groups that have been most impacted 
by the COVID-19 pandemic (NCIRD, 2020). IAQ has thus received increasing 
attention from the international scientific community, political institutions and envi-
ronmental governance as a means for improving the comfort, health and well-being 
of building occupants (Abouleish, 2020).

12.3  Indoor Carbon Dioxide

Carbon dioxide (CO2) is a colourless, tasteless, odourless and non-flammable gas 
that is heavier than air and may accumulate at lower spaces, causing a deficiency of 
oxygen (Azuma et al., 2018). The normal outdoor CO2 concentrations are approxi-
mately 380 ppm, although in urban areas these have been reported to be as high as 
500 ppm because of the increased human activity (Azuma et al., 2018). The main 
source of CO2 in the non-industrial indoor environment is human metabolism (Park 
et  al., 2019). The indoor CO2 concentration is an indicator of indoor air quality 
acceptability, air flow exchange suitability and whether there is enough fresh air 
within indoor spaces (Park et  al., 2019). The average indoor CO2 concentration 
ranges from 800 to 1000 ppm, with an upper limit of 1000 ppm for CO2 concentra-
tions in commercial buildings (Park et al., 2019). Ventilation with ambient air is 
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often used for reducing indoor CO2 concentration. Research has also indicated that 
for every 100 ppm decrease in the differential between indoor and outdoor carbon 
dioxide concentration (dCO2), office workers experienced fewer SBS symptoms, 
including 60% fewer reports of sore throat and 70% fewer reports of symptoms of 
wheezing (Park et al., 2019). They further report that CO2 affects decision-making 
at thresholds of 600 ppm, which is below the normally accepted comfort range of 
1000 ppm (Park et al., 2019). A study in human subjects stated that inhalation expo-
sure to 1000  ppm CO2 for a short term caused marked variations in respiratory 
movement amplitude, peripheral blood flow increases and the cerebral cortex func-
tional state (Azuma et al., 2018).

12.4  Sick Building Syndrome (SBS)

Sick building syndrome presents symptomatically as the complex spectrum of ill 
health complaints, such as mucous membrane irritation (rhinorrhoea, nasal conges-
tion, sore throat, eye irritation), asthma symptoms (chest tightness, wheezing), neu-
rotoxic effects (a headache, fatigue, irritability), gastrointestinal disturbance, skin 
dryness and sensitivity to odours (Nag, 2019). These symptoms may present among 
occupants in office buildings, schools, public buildings, hospitals and recreational 
facilities (Nag, 2019). Building-related sicknesses have been observed as being per-
vasive in modern high-rise buildings (Nag, 2019). These buildings are designed to 
be airtight for energy-saving. Subsequently, the windows remain sealed, depriving 
the building of natural ventilation and daylighting, and HVAC systems recirculate 
the air in the building, with minimal replacement of fresh air (Nag, 2019). Concerns 
about human health due to deteriorating indoor environmental quality are gradually 
increasing with a public outcry among the building occupants as well as challenging 
lawsuits (Nag, 2019). Typically, maintaining allowable IAQ in office buildings 
depends on effective ventilation systems in operation. Ineffective or inadequate ven-
tilation systems result in inefficient removal of pollutants from indoor air and dis-
play of SBS signs among the occupants (Nag, 2019).

12.5  Natural Ventilation

Natural ventilation essentially describes the air movement created by naturally 
occurring pressure differences; this pressure difference can be created either by 
wind or by temperature differences (Alatala, 2016). Proper utilisation of natural 
ventilation can provide large ventilation rates without the consumption of energy 
(Wang & Zhai, 2018). As natural ventilation is driven by wind or buoyancy, the 
naturally ventilated building form includes wind-driven ventilation form, buoyancy- 
driven ventilation form and the combination of these two. When wind hits a build-
ing, positive pressure is created on the windward side and negative pressure on the 
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leeward side of the building (Alatala, 2016), forcing air into the building from the 
windward side and out from the leeward side, creating cross-ventilation through the 
building. Natural ventilation is an increasingly popular green-building technology 
that has proven to be an effective solution to lower building cooling energy and to 
improve indoor air quality in various climates and types of buildings (Chen 
et al., 2019).

12.6  Hybrid Ventilation Systems

Ventilation has been shown to play a critical role in improving indoor environ-
ments (Meng et al., 2019). Hybrid ventilation is an effective means of minimising 
ventilation energy and improving indoor climate. It has been found that air-condi-
tioners are often operated for 6–12 h per day, consuming electricity at a rate of 
40–45 kWh/m2 (Weerasuriya et  al., 2019). In buildings with hybrid ventilation 
systems, transition spaces such as corridors, with motorised inlets, have more 
flexible thermal comfort limits than office spaces and can thus be used to bring in 
cooler outdoor air increasing cooling energy savings (Yuan et al., 2018). In addi-
tion to providing thermal comfort, natural ventilation has the advantage of improv-
ing indoor air quality, reducing energy consumption in buildings and eliminating 
what is known as the ‘sick building syndrome’. From an economics perspective, 
natural ventilation can reduce a building’s capital cost by about 10–50%, com-
pared to an air-conditioned building of similar dimensions (Weerasuriya et  al., 
2019). A building’s potential for natural ventilation not only depends on its dimen-
sions and architectural features but also relates to climatic (e.g. wind speed, direc-
tion, outdoor temperature, solar radiation) characteristics of the neighbourhood 
(e.g. geometry and orientation of buildings) and the behaviours of residents 
(Weerasuriya et al., 2019).

12.7  Research Methodology

Two quantitative research designs were used in this research project. First, an exper-
imental design was used to determine the change in indoor air quality before and 
after the building’s existing non-openable windows were retrofitted into openable 
windows. Indoor air quality was measured using a medical-grade indoor air quality 
device, the AirVisual Node by IQAir. Second, a survey design was used to conduct 
a pre- and post-survey of sick building syndrome symptoms experienced by employ-
ees. The survey was conducted before and after the natural ventilation retrofit. The 
experimental and survey design allowed this research to correlate the impact 
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openable windows had on indoor air quality and subsequently the impact the change 
in indoor air quality had on occupant satisfaction and well-being.

12.8  Building Type and Location

The building selected for this research represents typical modern open-planned 
office buildings in Port Elizabeth, South Africa. The office building selected is cur-
rently and has been occupied by an engineering consulting firm since 2009. The 
building is located along a main road (Fig. 12.1) and had 22 office users during the 
research period. The office space before the natural ventilation retrofit was mechan-
ically ventilated only. The maintenance of the mechanical ventilation was subcon-
tracted to a specialist firm and to the knowledge of the researcher was maintained 
regularly. The indoor levels of particulate matter reflect a maintained mechanical 
ventilation system as office particulate concentrations during the mechanically ven-
tilated office period reached a maximum of 13 μ/m3.

Figure 12.2 illustrates a street view of the office building. The windows depicted 
are non-openable. Figures 12.3 and 12.4 illustrate the before and after the existing 
windows were retrofitted. The existing non-openable aluminium casement window 
was retrofitted into an openable window. The retrofit took 1 day; ten windows were 
retrofitted at a cost of R20,000.00 (£950.00). The air quality device was located at a 
height of 1.6 m and was placed centrally within the office. The manufacture of the 
air quality monitor states valid measurements for an indoor space of up to 100 m2, 
and the research area was 80 m2 (Chloe, 2020).

Fig. 12.1 Selected office building
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12.9  Research Method

The indoor air quality device was first placed in the office on the 18th of June 2019. 
From 18 June to 14 August 2019 (8 weeks), the device captured air quality data for 
the period prior to the natural ventilation retrofit. During this time, the pre-SBS 
survey was circulated among office users. The existing windows were retrofitted on 
the 15th of August, and indoor air quality data for the post-natural ventilation retro-
fit period commenced. The indoor air quality device captured data for 5 weeks after 

Fig. 12.2 Street view

Fig. 12.3 Before retrofit
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the retrofit, during which the employees had complete control over the openable 
windows. At the end of the 5-week post-retrofit period, the post-SBS survey was 
circulated among the office users.

12.10  Research Results: Indoor Air Quality

Table 12.1 is a summary of the indoor air quality metrics recorded by the IAQ 
device. The mean score for each IAQ parameter was calculated for both mechanical 
and hybrid ventilation. The improvement in IAQ metrics is displayed by the change 
percentage column. The most notable improvements are reflected by the 23% reduc-
tion in PM2.5, the 18% reduction in PM10 and the 6% reduction in carbon dioxide 
concentrations.

Fig. 12.4 After retrofit

Table 12.1 Overview of indoor air quality metrics

Indoor air quality results
Mechanical ventilation Hybrid ventilation

Change %IAQ metric Mean IAQ metric Mean

PM2.5 (μg/m3) 2.89 PM2.5 (μg/m3) 2.23 −23
PM10 (μg/m3) 4.03 PM10 (μg/m3) 3.31 −18
Carbon dioxide (ppm) 685.31 Carbon dioxide (ppm) 643.51 −6
Temperature (Celsius) 22.0 Temperature (Celsius) 22.2 +1
Humidity (RH%) 51.22 Humidity (RH%) 51.16 −0.1
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12.11  Research Results: Carbon Dioxide

The analysis of the 14-week real-time data showed in Table 12.2 revealed that the 
pre-operable window period had 12 incidents in which office carbon dioxide levels 
exceeded 1000 ppm. The office carbon dioxide level exceeded 1000 ppm for a total 
of 36 h. On average, office carbon dioxide levels would exceed 1000 ppm twice to 
three times a week.

Once the operable windows were in use, the office carbon dioxide level did not 
exceed 1000 ppm for the remainder of the experiment. Operable windows, con-
trolled by employees, effectively reduced >1000 ppm carbon dioxide incidents to 0.

12.12  Research Results: SBS Survey

The sick building syndrome (SBS) survey was conducted using a 5-point Likert 
scale design. A mean score was calculated for each symptom. The symptoms were 
then ranked, and the pre- and post-survey results were tabled and compared.

The pre-openable window sick building syndrome questionnaire indicated that 
the top three symptoms experienced by employees are tiredness, difficulty/poor 
concentration and nasal congestion. The pre-openable window SBS survey results 
formed the benchmark to which the post-openable SBS survey was compared 
against. The impact openable windows had on SBS symptoms experienced by 
employees is highlighted by the following reduction in the mean scores of the top 
three SBS symptoms identified by the pre-openable window SBS survey:

Tiredness—18.25% improvement
Difficulty/poor concentration—20.80% improvement
Blocked or stuffy nose—25.82% improvement
Table 12.3 provides an overview of the mean score for SBS symptoms experi-

enced by employees before and after the natural ventilation retrofit. There was a 
reduction in mean score across almost all the SBS symptoms experience by employ-
ees. Notable findings include a reduction in ‘dry throat’ by 35%, ‘runny nose’ by 
28% and watery eyes by 29%.

Table 12.2 Carbon dioxide

Office hours in which CO2 level is >1000 pm

Before operable windows 36 office hours
After operable windows 0 office hours
Comment CO2 levels exceeded 1000 ppm for 8% of total measured office hours
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12.13  Discussion

The US Environmental Protection Agency stated that indoor PM10 concentrations 
should not exceed 150 (μg/m3) and PM2.5 should not exceed 35 (μg/m3). The office 
PM2.5 and PM10 concentrations are significantly lower than the regulations pro-
vided by the EPA. However, the natural ventilation retrofit notably contributed to a 
further reduction of office PM2.5 and PM10 concentrations. The increased ventila-
tion provided by the natural ventilation retrofit contributed significantly to improved 
indoor office air quality by improving ventilation and introducing clean outdoor air. 
According to Zhai et al. (2019), it has been found that sick building syndrome (SBS) 
symptoms are substantially reduced in office buildings with natural ventilation 
compared to buildings with air-conditioning. This research concurred with those 
results and indicated that indoor PM2.5 concentrations improved by 22.8% and 
PM10 concentrations by 17.9% after retrofitting with openable windows. Nasal 
congestion ranked as the third most experienced SBS symptom. The post-SBS sur-
vey indicated a 25.8% improvement reducing the mean score response for ‘blocked 
or stuffy nose’ from a mean score of 3.06 to 2.27.

At first glance the office carbon dioxide concentration appears to have been 
insignificantly improved by the natural ventilation retrofit. However, the significant 
research findings are indicated by analysis of the real-time carbon dioxide levels. 
Prior to the installation and use of openable windows, the office space experienced 
12 incidents in which office carbon dioxide levels exceeded 1000 ppm. The office 
space carbon dioxide level exceeded 1000 ppm for a total of 36 h (8% of total mea-
sured office use). During the 5-week post-openable window installation period, the 
office carbon dioxide level did not once exceed 1000  ppm. The reduction of 

Table 12.3 SBS survey results

SBS pre- and post-survey results

No. SBS symptoms
Mean

Change %Pre Post

1 Tiredness 3.89 3.18 −18
2 Difficulty/poor concentration 3.22 2.55 −21
3 Blocked or stuffy nose 3.06 2.27 −26
4 Watery eyes 3.05 2.18 −29
5 Sensitivity to odours 2.95 2.18 −26
6 Sneezing 2.78 2.64 −5
7 Runny nose 2.78 2 −28
8 Dry throat 2.78 1.82 −35
9 Headache 2.68 2.36 −12
10 Coughing 2.67 2.18 −18
11 Dryness and irritation of the skin 2.65 2 −25
12 Dizziness 1.84 1.9 3
13 A sensation of difficulty in breathing 1.78 1.45 −19
14 Tightness of the chest 1.78 1.55 −13
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>1000 ppm incidents was notable in that the carbon dioxide level was measured at 
3-s intervals. The reduction in >1000 ppm carbon dioxide levels reflects in the sur-
vey findings with the top two pre-openable window SBS complaints being tiredness 
and difficulty/poor concentration. The openable windows contributed to 18.3% 
reduction in tiredness experienced by employees and 20.1% in difficulty/poor con-
centration. Both these symptoms have a major impact on productivity in offices, so 
nearly one in five improvements would have massive return on investment as 
employees make up the majority of business costs.

The review of the literature and the research findings correlate strongly indicat-
ing that natural ventilation can significantly improve office environments and 
employee satisfaction. Natural ventilation is a significant sustainable solution for 
decreasing the energy usage in buildings, improving thermal comfort and maintain-
ing a healthy indoor environment (Tong et al., 2016).

12.14  Conclusion

This research quantified the impact a natural ventilation retrofit had on improving 
the indoor air quality of a previously mechanically only ventilated office building. 
Furthermore, the IAQ findings were correlated with a sick building syndrome sur-
vey that was circulated before and after the office building was retrofitted. The rela-
tionship between improved indoor air quality and employee well-being is clear with 
quantified reduction in SBS symptoms experienced by employees. The effective-
ness of the natural ventilation solution was also demonstrated with accurate IAQ 
data indicating significant improvements to IAQ metrics.

A notable observation when analysing the real-time carbon dioxide data, after 
the openable windows were in use by employees, is that the carbon dioxide levels 
would reach 850–950 ppm and steadily lower to 650–750 ppm. The data indicates 
that office users could sense when office carbon dioxide levels where above 800 ppm 
and instinctively opened the windows. Prior to the openable windows, the carbon 
dioxide level would continue to rise until after office hours.

The importance of measurement is made clear by this research in that until 
indoor air quality is measured by organisations the quality of the indoor air breathed 
by employees is unknown. Furthermore, the possible health implications and medi-
cal costs remain unknown. The cost of the retrofit was a once-off capital expenditure 
of R20 000 with savings immediately in terms of reduced air-conditioning running 
time. Since the openable windows are controlled by the employees, there is no oper-
ational expenditure for the benefits derived from the natural ventilation retrofit, 
whilst the improvement in tiredness and concentration levels would markedly 
improve productivity, providing a major return on investment.

In climates such as in Port Elizabeth, South Africa, hybrid ventilation systems 
provide a true solution to sustainable ventilation within buildings. The sealed office 
building design with mechanical ventilation is an inappropriate design for warm and 
temperate climates. Warm and temperate climates can exploit passive design 
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principles for a large portion of the year relying on mechanical ventilation occasion-
ally. In conclusion, natural ventilation should be considered during the design phase 
of any new construction. However, natural ventilation retrofits can be effective in 
improving indoor air quality of existing buildings without increasing operational 
costs over the long term.
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Chapter 13
Developing a Sustainable Urban 
Environment Through Teaching Asset 
Management at a Postgraduate Level

David Thorpe and Nasim Aghili

13.1  Introduction

The Population Division of the Department of Economic and Social Affairs of the 
United Nations has estimated that globally, more people live in urban areas than in 
rural areas, with 55 per cent of the world’s population residing in urban areas in 
2018. This proportion is projected to be 68% by 2050 (United Nations, 2019). It has 
been estimated that cities are responsible for 75 percent of global carbon dioxide 
(CO2) and other greenhouse gas (GHG) emissions. Key aspects of urban life, such 
as transportation and buildings, are considered to be major sources of these emis-
sions (United Nations Environment Programme, 2020).

While producing significant percentages of GHG emissions, cities and other 
urban areas also have the potential to be affected by climate change and its conse-
quences like global warming, which in turn is associated with rising sea levels and 
extreme weather events, and the potential to facilitate the incidence of tropical dis-
eases, all of which have the potential to significantly impact on the urban living 
environment, including services, housing, infrastructure, work conditions, living 
conditions, safety, security and health. Thus it is important that cities, including the 
key building and construction sector, undertake initiatives to minimise the impact of 
climate change and improve their resilience to the effects of this impact. It is been 
stated that such success is likely to be possible only through a coordinated approach 
to fight climate change, an approach that is being taken by many cities through ini-
tiatives like using renewable energy sources, cleaner production and limiting indus-
trial emissions (United Nations Environment Programme, 2020).
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One process for achieving a sustainable urban environment is to use a strategi-
cally focused life cycle asset management approach, based on theoretical and prac-
tical principles, in conjunction with good project and risk management to the 
ongoing planning, development and management of the city’s transportation, build-
ing, infrastructure and other assets that are significant sources of the operational and 
embodied energy that produce GHG emissions in the city. The objective of the dis-
cussion in this paper is to discuss an approach to achieving this goal, using the fol-
lowing process, which is further developed and illustrated in Fig. 13.1:

Review the issues in urban sustainability management.
Discuss the role of asset management in facilitating urban sustainability.
Using the example of existing study courses, discuss how this role can be facili-

tated by postgraduate education in sustainable asset management, supported by 
other courses.

Discuss the effectiveness of these courses in facilitating urban sustainability and 
develop conclusions.

13.2  Issues in Urban Sustainability Management

The issues in urban sustainability are underscored by a study of 79 cities, under-
taken by the C40 Cities Climate Leadership Group in conjunction with the University 
of Leeds, the University of New South Wales (Australia) and Arup, which found 
that over 70% of greenhouse gas (GHG) emissions come from utilities and housing, 
capital, transportation, food supply and government services. These emissions 
included the supply of goods and services outside city boundaries (such as power, 

Fig. 13.1 Conceptual framework of paper
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externally manufactured goods and water supplies), which while originating outside 
cities form a significant component of their requirements (C40 Cities, 2018).

These issues occur throughout the asset life cycle, which can be divided into the 
phases of planning, design, construction, operation (including maintenance) and 
retirement. Planning and design are important, as decisions made in them impact on 
the subsequent phases of the life cycle. Managing the carbon footprint of the city 
will also require addressing the 17 sustainable development goals of the United 
Nations, which from an urban point of view include social aspects (e.g., poverty, 
hunger, health, education, safe and secure cities), resources (e.g., water, energy, 
sustainable consumption and production), resilience, climate change and sustain-
able ecosystems (United Nations, 2015). It will also require coordinated activities 
by professional engineers, asset managers and other built environment profession-
als. For example, while professional engineers are responsible for planning, design-
ing, delivering and maintaining significant public and private works, they are also 
expected to undertake sustainable engineering practices and adhere to sustainable 
management principles (Engineers Australia, 2014), a requirement that is reinforced 
in the Engineers Australia Code of Ethics and Guidelines on Professional Conduct 
(2019). Such requirements would be expected to guide the actions of engineers and 
other professionals in minimising the impact of urban development and manage-
ment on the world’s carbon footprint.

The asset life cycle components in which emissions occur are primarily con-
struction and operation, including asset retirement. As an example, construction is a 
significant contributor to the carbon footprint of cities. It has been estimated that 
building construction and operations (including the manufacture of materials and 
products for building construction, such as steel, cement and glass) accounted for 
36% of global final energy use and nearly 40% of energy-related carbon dioxide 
(CO2) emissions in 2017 (International Energy Agency and the United Nations 
Environment Programme, 2018). The World Green Building Council has similarly 
stated that buildings account for 39% of energy-related global CO2 emissions, of 
which 28% comes from operational carbon and 11% arises from the energy used to 
produce building and construction materials, which is usually referred to as embod-
ied carbon (World Green Building Council, 2019). A further perspective on the 
energy produced by the construction sector is an Australian study that used a two- 
region globally closed model of Australia and the Rest of the World which found 
that from 2009 to 2013 the embodied energy component of the construction sector 
was a total of 20% of Australia’s carbon footprint, consisting of 1.9% of direct GHG 
emissions and 18.1% of embodied energy, which was mainly attributed to electric-
ity, gas and water; materials; and construction services (Yu et al., 2017).

These examples show that it is important to achieve a sustainable urban environ-
ment that minimises the percentage of greenhouse gas emissions and its impacts on 
the carbon footprint. At the moment, this percentage is high, both in cities as a 
whole and in the development and management of their buildings and infrastruc-
ture, which are activities in which engineers and other built environment profession-
als have a significant role. While the process of achieving a sustainable urban 
environment has commenced, there is much to be achieved. Doing so requires 
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sustainability focused, life cycle-oriented built environment management that spans 
all life cycle activities, such as planning, design, construction, operation, mainte-
nance and retirement. This process will require sustainable management of the 
design, construction and operation of the built environment and include activities 
like recycling materials, strategic use of information systems and the minimisation 
of waste in the construction and operation of assets. Through good planning and 
ongoing management, this approach assists city government and other parties to 
maximise sustainable management of the urban built environment, such as power 
generation, roads and transportation, water and sewerage management and greening 
of the urban environment itself. As engineering and other built environment profes-
sionals would be expected to have a leading role in developing a sustainable urban 
environment, their education in its development and implementation is expected to 
be a significant component of this process.

Therefore, there are two questions required to be addressed. They are:

RQ1: Can a strategic approach to asset management facilitate the development 
and management of urban sustainability?

RQ2: How can postgraduate education in sustainable asset management and 
related study courses support the achievement of a sustainable urban environment?

13.3  The Role of Asset Management in Facilitating 
Urban Sustainability

13.3.1  The Sustainable Asset Management Process

In order to address the first question (RQ1), the first step is to consider the manage-
ment of environmental factors in the urban environment. Addressing this step 
requires an understanding of the terms “asset” and “asset management,” followed 
by consideration of the life cycle of urban assets and whether using a sustainable 
asset management approach is a suitable process for managing these factors.

While there are a number of definitions of assets, a good definition is that from 
the International Asset management—Overview, Principles and Terminology 
Standard (ISO5500:2014), in which an asset can be defined as an “item, thing or 
entity that has potential or actual value to an organisation.” In turn, the term “asset 
management” can be defined as a “coordinated activity of an organisation to realise 
value from assets” (International Organization for Standardization, 2014a). These 
definitions indicate that assets and their management have an economic value. They 
also demonstrate that such management of assets requires to be undertaken in a way 
that maximises their life cycle performance.

From a strategic point of view, effective asset management requires the recogni-
tion of a range of stakeholders – owners, managers, users and external stakehold-
ers—who may be impacted by the asset although they may not use it. From a 
management point of view, assets should achieve a number of outcome-oriented 
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goals in areas like provision of adequate level of service at the required level of 
demand, meeting serviceability and life cycle performance goals, having optimum 
service lives and achieving maximum life cycle benefit and lowest life cycle cost 
subject to other requirements (University of Southern Queensland, 2020a).

Managing the emissions produced by the construction phase, for example, 
requires the use of sustainable construction processes. One approach is to consider 
the use of alternative materials in the construction process that are energy efficient 
to develop and install and that where possible are recyclable. For example, advanced 
materials like fibre composites, green cement and concrete, use of recycled materi-
als in road surfacing and other innovations are improving the sustainability of the 
construction process from the material aspect. Other issues in managing construc-
tion phase emissions include managing energy usage and the negative impact on 
environmental pollution from the component activities of construction and refur-
bishment. Low et  al. (cited in Medineckiene et  al., 2010) identified five aspects 
(energy efficiency, water efficiency, environmental protection, indoor environmen-
tal quality and other green features that focus on the adoption of green practices and 
new technologies with potential environmental benefit) as areas of environmental 
impact of the construction process. Managing these issues requires assessing the 
combination of variables affecting matters like building (or infrastructure) produc-
tion impact on the environment, and financial and social conditions, through using 
approaches like multicriteria analysis (Medineckiene et al., 2010). Sustainable man-
agement of the other phases of the asset like cycle will similarly require consider-
ation of their component activities.

13.3.2  Systems Approach to Sustainable Asset Management

To facilitate the delivery of sustainable asset management, assets are best managed 
by an asset management system, which can be considered a set of interrelated and 
interacting elements of an organisation, with the function of establishing the organ-
isational asset management policy and objectives, and the processes needed to 
achieve them (International Organization for Standardization, 2014a), accompanied 
by a strategic asset management plan. Such an asset management system would 
normally have the components of leadership, planning, support (of the system), 
operation, performance evaluation and improvement (International Organization for 
Standardization, 2014b).

An asset management system would be expected to be underpinned by an asset 
management information system, supported by an asset register (or inventory), and 
contain a number of sub-systems, such as financial management, maintenance man-
agement, operations management and decision support. Information technology 
tools like building information modelling (BIM), geographic information systems 
(GIS), and tools like the use of radio frequency identification (RFID) for identifica-
tion and tracking, along with managing big data, can further aid sustainable life 
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cycle management through facilitating construction and demolition waste manage-
ment (Kabirifar et al., 2020).

As an example of these technologies, BIM initially commenced as a three- 
dimensional (3D) model, which can express visually and in other ways the three 
primary spatial dimensions of width, height and depth. It has subsequently added 
additional dimensions of 4D (planning) and 5D (costing) and has further developed 
additional dimensions, including sustainability and facilities management (Charef 
et al., 2018). These last two dimensions make BIM of particular interest with respect 
to sustainable asset management, as it is not only able to record detailed information 
in digital form about buildings and infrastructure components and their functional 
parts (Xu et al., 2014) but has the potential to be a useful tool to optimize the envi-
ronmental performance of building elements and buildings (Habibi, 2017). Chong 
et al. (2017) noted that the research trend of BIM for sustainability was apparent in 
the design, construction, use of products and materials and energy efficiency. Zhang 
et al. (2016) suggested that the use of BIM in the architectural, engineering and 
construction industry is helpful for environmental sustainability monitoring and 
management over a building’s full life cycle and could be used at the conceptual 
design stage to build sustainability into the design solution and allow sustainability 
to become a key component of the design, construction and delivery of a building.

At the same time, the use of BIM in its current form has limitations. Charef et al. 
(2018) undertook a systematic review and online survey of architectural, engineer-
ing and construction stakeholders across Europe. They found that while there was 
agreement about the first five dimensions (up to cost) of the BIM model, there was 
some confusion among the practitioners using the sixth and seventh dimensions (6D 
and 7D) of BIM (sustainability and facilities management). Lu et al. (2017) reviewed 
the use of BIM for green buildings. However, the use of BIM for facility manage-
ment (FM) during the operation phase is still limited and found that there was weak 
interoperability among various green BIM applications, limited capability of BIM 
applications supporting the construction and operation phases of projects, lack of 
industry standards, low industrial acceptance of green BIM applications, low accu-
racy of BIM-based prediction models and a lack of appropriate project delivery 
methods. Thus, while technologies like BIM have considerable potential for appli-
cation to the sustainable development and management of urban buildings and 
infrastructure, there are a number of issues that need to be resolved before they can 
be fully used by practitioners.

In summary, a strategic approach to asset management, using a well-structured 
and managed life cycle approach supported by good systems, is able to strongly 
facilitate and contribute to the development and management of urban sustainabil-
ity. This contribution is achieved through planning and design that consider sustain-
ability, a sustainable approach to construction, use of sustainable and recyclable 
materials, use of good processes underpinned by an asset management system 
aligned with corporate objectives and supported by good information systems, a 
focus on minimising the use of energy and an understanding and consideration of 
sustainable management goals.
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13.4  Postgraduate Education in Sustainable 
Asset Management

A strong understanding of sustainability-focused asset management principles by 
engineers and other professionals practising in this field is essential for effective 
sustainable outcomes to the asset management principles. Therefore, to address the 
second question (RQ2) on how postgraduate education in sustainable asset manage-
ment and related study courses can support the achievement of a sustainable urban 
environment, it is necessary to consider how such education develops the knowl-
edge and skills required by professionals in engineering and the built environment 
in asset management.

One course offered in this field is the postgraduate course Asset Management in 
an Engineering Environment (University of Southern Queensland, 2020a), which is 
part of the Master of Engineering Science and other engineering and built environ-
ment postgraduate coursework programs offered by the University of Southern 
Queensland. This course, which utilises the principles of good teaching principles 
like student-centred learning (Biggs, 1999) and authentic assessment (Gulikers 
et al., 2004), adopts a strategic life cycle approach to managing engineering assets 
and has a strong sustainability emphasis. Following an introduction to asset man-
agement, this course initially discusses the strategic asset management principles of 
the strategic asset management framework, the asset life cycle and asset manage-
ment economics, before focusing on the application of these principles to asset 
management operations and maintenance, integrated asset management and asset 
management systems. It concludes with a discussion of current and emerging issues 
in asset management. The course has a strong stakeholder-oriented sustainable asset 
management focus, which is illustrated in Fig. 13.2.

Figure 13.2 emphasises the interaction between physical infrastructure assets, 
which are founded on the natural environment and are linked with the economic and 
social environments, and the various communities of stakeholders in the assets 
(owners and managers, the community of asset users and the external community, 
which are people or organisations served indirectly by the asset or are affected by 
the asset). Balancing these requirements results in the asset being required to meet 
the three environmental, economic and social components of sustainability. This 
sustainable asset management theme is maintained throughout the course.

This course, which was first offered in 2004 as an online course only, is taught in 
a blended learning mode and is studied both at the Toowoomba (Queensland, 
Australia) campus of the University and online. It is normally assessed by a single 
assignment worth 50% of marks and an examination worth 50% of marks. In 2020, 
67 learners were enrolled in this course, of which 44 studied online and the remain-
ing 23 studied on campus. The main question in the assignment asks learners to 
assume the role of an asset manager who has been tasked to manage a middle-level 
engineering asset that has several issues and is required to develop a plan to rectify 
this position. The other questions are normally in asset depreciation and the use of 
engineering economics principles. The examination asks learners to apply 
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principles learnt in the whole course to example engineering applications nomi-
nated by them.

While generally learner feedback at the end of the course has been quite positive, 
there have also been some less positive comments, including about relevance of the 
course to particular engineering and built environment disciplines such as survey-
ing, and concerns from time to time about the currency of some of the material 
taught in the course. A possible weakness of the course is that, being strategic in 
nature, it does not deal with asset operations and maintenance in the detail required 
by practitioners. To address these concerns, the course is regularly reviewed and 
updated to include current professional issues and advances in asset management, 
including information systems. Recent initiatives have included strengthening the 
use of asset management standards and incorporating sections on BIM and 
GIS. These sections are expected to be expanded over time. In particular, it has been 
stated that there is a growing need for universities to provide their graduates with 
appropriate BIM-related skills in architecture, civil engineering, building construc-
tion and construction project management programs, including both teaching and 
practising the collaboration and integration required for successful implementation 
(Forsythe et al., 2013). Future expected developments of this course include a stron-
ger emphasis on sustainable and recyclable materials and on energy management. 
Other initiatives have included making the course relevant to a wide range of engi-
neering and built environment initiatives, such as including an example relating to 
an electricity power distribution network.

The focus of this course on sustainable engineering and built environment has 
been strengthened by the development and delivery of companion courses. One of 
these courses is Management of Technological Risk (University of Southern 

Fig. 13.2 Interaction of communities and their environments – asset management in an engineer-
ing environment. Source: University of Southern Queensland (2020a)
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Queensland, 2020b), which teaches risk management in accordance with the ISO 
31000:2018 Risk Management Guidelines (International Organization for 
Standardization, 2018) and then applies the principles taught to the management of 
project risk and process risk. This course assists asset managers and other engineer-
ing and built environment practitioners to understand and manage the risks associ-
ated with good asset management principles. A further course, Advanced 
Engineering Project Management (University of Southern Queensland, 2020c), 
which includes a specific section dealing with sustainability in project management, 
teaches the management of engineering projects at a project and program level, 
which is a valuable skill for implementing sustainable asset management principles, 
including the sustainable management of construction activities.

The above discussion has answered the second question with respect to how 
postgraduate education in sustainable asset management and related study courses 
can support a sustainable urban environment. Such support can be provided through 
a strategically focused postgraduate asset management course with a strong sustain-
ability orientation that is supported by companion courses in related areas like risk 
management, project management and other related areas, all of which are regularly 
updated.

13.5  Discussion and Conclusion

Urban facilities consume significant natural resources, are significant emitters of 
greenhouse gases and have other impacts on the natural environment. The built 
environment, and in particular its construction and operational life cycle phases, is 
a major source of these emissions as well as contributing to other negative impacts 
on the environment such as waste and pollution. Addressing these issues from a 
sustainable urban environment point of view will require the achievement of rele-
vant global sustainable development goals for the assets that comprise the buildings 
and infrastructure of cities, using a strategic asset management approach. It would 
also require coordinated activities by engineers, asset managers and other built envi-
ronment professionals responsible for their management. These professionals, 
many of whom are required by their professional organisations to practice sustain-
ability, would be expected to have the knowledge and skills to effectively achieve 
the objectives of sustainable urban development and management. Two questions, 
one on whether a strategic approach to asset management can facilitate the develop-
ment and management of urban sustainability (RQ1) and the other on how post-
graduate education in sustainable asset management and related courses can support 
the achievement of a sustainable urban environment (RQ2), have been accordingly 
proposed to provide a framework for addressing the development of the necessary 
skills to achieve this goal.

The first question (RQ1) has been addressed through developing an understand-
ing of the strategic asset management process, the standards that support it, stake-
holder management and its requirements, including construction and the use of 
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advanced asset management systems. While it is recognised that further develop-
ment of the strategic asset management process is required, the role of strategic and 
forward thinking asset management in developing a sustainable approach to asset 
management has been confirmed. This process is contingent on ensuring that this 
process is current and addresses key issues. For example, the uncertainty about what 
the sixth and seventh dimensions of BIM (sustainability and asset management) 
represent requires resolution, as both dimensions are significant for sustainable 
asset management.

To address the second question (RQ2), a postgraduate course in asset manage-
ment in an engineering environment, along with supporting courses in risk manage-
ment and project management, has been reviewed from the point of view of how 
well it deals with sustainable whole of life asset management. While enhancements 
to this course in areas like application to a wider range of engineering disciplines 
and the further development of course material on information systems like BIM 
and GIS are required, it is concluded that a strategically focused postgraduate engi-
neering asset management course with a strong sustainability focus can, with the 
support of suitable companion courses, provide the necessary theoretical underpin-
ning to enable engineers and other built environment professionals to effectively 
develop and manage a safe and sustainable urban environment. Complementing this 
course and its companion courses in the future with a broader sustainable engineer-
ing and management course that addresses global sustainable development goals 
would further enhance its contribution to a sustainable and liveable urban 
environment.

In conclusion, the development, maintenance and ongoing management of a sus-
tainable urban environment, with a view to reducing its carbon footprint, minimis-
ing its waste and increasing its liveability, are essential. Strategic, whole of life asset 
management of this environment, along with development of engineers and other 
built environment professionals through postgraduate education in sustainable asset 
management, complemented by appropriate companion courses, are considered key 
components of this process. Ongoing enhancement of these courses and the future 
addition of a broader sustainable engineering and management course would be 
expected to further enhance the education and development of professionals charged 
with the development and management of a sustainable urban environment.
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Chapter 14
The Impact of Department of Construction 
Management Facebook 
Environment- Related Posts

John Smallwood

14.1  Introduction

The construction industry has become one of the major contributors to adverse 
impacts on the natural environment as projects are often associated with negative 
environmental impacts, which result in the degradation of the natural environment, 
which is a product of soil pollution, water pollution, air pollution, deforestation, 
destruction of wildlife, and land degradation. Furthermore, construction activities 
generate waste, noise, ground vibration, dust, hazardous emissions, disturbance of 
natural features, and the destruction of archaeological artefacts during the construc-
tion process and its activities, in which cumulative impacts result in environmental 
degradation (Chen & Li, 2006). This has resulted in increased awareness of the 
natural environment and the desire for a more sustainable approach by all stake-
holders. Hence, it is imperative for all contractors to consider implementing appro-
priate environmental management practices to reduce the impact of the construction 
process and its activities on the natural environment and society as a whole, instead 
of only focusing on time, cost, and quality within a project as traditionally practiced.

Interviews conducted by Carpenter et  al. (2016) among sustainability officers 
and student leaders at 21 leading sustainable universities in the USA revealed that 
the top American sustainable universities rely on social media to reach large audi-
ences. Generally, their target audiences are students, staff, faculty members, local 
community residents, campus administration leaders, news media professionals, 
and alumni. Furthermore, sustainability officers primarily rely on Facebook to 
encourage interaction with their posted content.
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Narula et al. (2019) maintain the media is playing a role in shaping attitudes of 
responsibility in the general population. Social media is a mode of communication, 
sharing feelings and sharing information with each other; however, it can also 
enhance the knowledge of the general population. They emphasise that there are a 
range of topical environmental issues, which include, inter alia, worsening environ-
mental conditions, climate change, the problem of waste disposal, and increasing 
pollution. Therefore, development of environmental awareness and the promotion 
of sustainable development have become goals or policies of not only governments, 
and non-government organisations (NGOs), but other stakeholders.

Black (1993) defines public relations practice as “The art and science of achiev-
ing harmony with the environment through mutual understanding based on truth 
and full information.” He states that there are two distinct branches of practice, 
namely, the reactive and proactive sectors. Reactive includes reacting to problems, 
dealing with crises, and managing change, and the proactive includes planned pro-
grammes that serve both the organisation and the public’s interest.

Wright and Hinson (2009) state that social media deliver web-based information 
created by people with the intention of facilitating communication, which now rep-
resents one of the world’s major sources of social interaction as people share stories 
and experiences with each other. However, their fourth study conducted among pub-
lic relations practitioners globally indicates that public relations practitioners should 
measure the amount of communication that is being disseminated with respect to 
their organisations, or client organisations, through blogs and other social media 
(4.2/5.0), and/or analyse the content of what is being communicated with respect to 
their organisations, or their clients, in blogs and other social media (4.4/5.0). The 
mean scores presented in parentheses range between 1.00 and 5.00, 1.00 represent-
ing the lowest point and 5.00 the highest point.

Given the state of the planet, the impact of the built environment in terms of 
sustainability, the importance of public relations, and that the department under-
takes environment-related posts, a study was conducted to determine the impact of 
‘environment-related’ posts on the Department of Construction Management 
Facebook page during a calendar year to determine which attracted the most interest.

14.2  Review of the Literature

14.2.1  Public Relations

Black (1993) describes the role of public relations by presenting the hexagon model, 
the six sides representing the several factors which influence the role and scope of 
public relations: the publics of concern; issues of concern; media; the nature of the 
organisation; situational timing factors, and resources. However, this paper focuses 
on one specific issue of concern, namely, the environment, and in terms of the media 
‘side’, social media in the form of Facebook. The nature of the ‘organisation’, 
namely, a Department of Construction Management within a university, implies that 
the built environment should be the focus of such environment-related posts. 
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Situational timing factors in turn imply that ‘current’ issues at the time of the post 
inform, to an extent, the topic of the post.

14.2.2  The Impact of Social Media

The study conducted by Wright and Hinson (2009), cited in the ‘Introduction’, 
determined the following: social media have enhanced the practice of public rela-
tions (4.0/5.0); blogs have enhanced the practice of public relations (3.8/5.0), and 
social media offer organisations a low-cost way to develop relationships with mem-
bers of various strategic publics (4.0/5.0). These findings are notable, as they are 
2009 vintage – 11 years old. Narula et al. (2019) maintain social media is playing 
an important role in sharing a range of environmental issues, suitable solutions 
thereto, updating the audience regarding the different types of disaster, and precau-
tionary measures.

Can social media make a difference? Porter et al. (2007 in Carpenter et al., 2016) 
state that communicators who use social media perceive that they have more power 
in creating change than those who do not use social media to reach publics.

14.2.3  Current Reality

Before the advent of the Internet, audiences had to endure listening to or seeing 
advertisements repeatedly, and the advertisements were in control of the media that 
people listened to or watched (Evans, 2011). However, the Internet evolved in the 
1990s, and audiences no longer had to endure commercials, as they could fast for-
ward through commercials and ignore the ‘noise’ of marketing. Social media pro-
vides the forum for people to acquire information in a natural and more honest way 
than being subjected to marketing messages. Target audiences can be reached 
through user-generated content sites and social media communities. The reality is 
that the users and community members are now in ‘control’ and do not want to be 
‘drilled’ with marketing messages.

14.3  Research

14.3.1  Research Method and Sample Stratum

The research method can best be described as experimental in that posts pertaining 
to different issues were undertaken periodically by the author, the page administra-
tor. The impact of environment-related posts was compared to the impact of non- 
environment related posts, and then the impact of four categories of 
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environment-related posts, namely, URL referral, photo, video, and media release, 
was compared.

Posts were constrained to the built environment, and construction, COVID-19 
upon the onset thereof, particularly construction health and safety (CH&S), and in 
addition, tertiary construction management education and related issues such as 
seminars. In terms of the review of the degree of interest, the review spanned a 
period of a year from 15 June 2019 to 14 June 2020 and addressed issues such as 
‘reach’, ‘clicks’, and ‘reactions, comments, and shares’. Reach is the number of 
people who saw any of the page posts. Reach can be broken down into people who 
saw the posts with or without advertising (paid or organic posts). All posts were 
without advertising.

14.3.2  Research Results

Table 14.1 indicates that a total of 210 posts were made during the period, 50 
(23.8%) of which were environment-related. The 50 environment-related posts 
resulted in a reach of 4902, 248 clicks and 93 reactions, comments, and shares. The 
totals equate to a mean reach of 98.0, 4.96 clicks and 1.86 reactions, comments, and 
shares. In terms of comparisons, non-environmental posts realised a mean reach of 
124.4 per post, compared to environmental posts’ 98.0. In terms of clicks, non- 
environmental posts realised a mean reach of 13.52 per post, compared to environ-
mental posts’ 4.96. In terms of reactions, comments, and shares, non-environmental 
posts realised a mean reach of 2.41 per post, compared to environmental posts’ 1.86.

Table 14.2 provides an analysis of the Department of Construction Management’s 
environment-related Facebook posts in terms of type of post. The single (2.0%) 
media release realised a mean reach of 239.0, followed by video (145.0), photo 
(141.4), and URL referral (87.29), the mean for all four types being 98.04. However, 
in terms of clicks, photo realised a mean of 15.20, followed by media release 
(13.00), video (11.00), and URL referral (3.26), the mean for all four being 4.96. In 
terms of reactions, comments, and shares, photo realised a mean of 5.20, followed 
by media release (4.00), video (1.50), and URL referral (1.43), the mean for all four 
being 1.86.

Table 14.1 Summary of the Department of Construction Management’s Facebook posts for the 
period 15 June 2019 to 14 June 2020

Category

Total Reach Click R/C/S

No. % No. %
No./
post No. %

No./
post No. %

no./
post

Environment 50 23.8 4902 19.8 98.0 248 10.3 4.96 93 19.5 1.86
Non- 
environment

160 76.2 19900 80.2 124.4 2164 89.7 13.52 385 80.5 2.41

Total 210 100.0 24802 100.0 118.0 2412 100.0 11.49 478 100.0 2.28
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Table 14.3 presents the Department of Construction Management environment- 
related Facebook posts for the period 15 June 2019 to 14 June 2020. The first col-
umn presents the date of the post, followed to the right by the post description, the 
type of post, reach, clicks, and then reactions, comments, and shares (R/C/S) in the 
extreme right-hand column.

A total of 210 posts were made during the period, 50 (23.8%) of which were 
environment related. The 50 posts resulted in a reach of 4902, 248 clicks and 93 
reactions, comments, and shares. The totals equate to an average reach of 98.04, 
4.96 clicks, and 1.86 reactions, comments, and shares. Furthermore, the top ten 
posts (20.0%) accounted for 35.1% of the reach, 44.4% of the clicks, and 46.2% of 
reactions, comments, and shares.

The top ten environment-related posts in terms of reach are ‘ACHASM 
Contribution to “Covid-19” “Construction Return to Work” Documentation’ media 
release on 28/05/20 (239); ‘SEEDS 2019 Conference Dinner, Ipswich, United 
Kingdom on 11 September  - we received two awards’ photo on 03/10/19 (220); 
‘Mitigating the spread of the Coronavirus’ video on 03/03/20 (179); ‘WATER 
MOST IN Belgium!!!’ (Elevated canal) photo on 28/09/19 (170); ‘Morocco to com-
mence construction of world largest sea water desalination plant in 2021’ URL 
referral on 22/06/19 (169); ‘We are delighted to highlight X’s second place in the 
Greenovate Property Awards 2019 Competition for his submission titled 
“Implications of a natural ventilation retrofit of an office building” supervised by Y’ 
photo on 11/12/19 (161); ‘A bridge made of grass’ URL referral on 18/06/19 (157); 
‘Asbestos-containing materials exist in many of our buildings and structures!’ URL 
referral on (145); ‘R1.2 billion solar farm approved for the Garden Route’ on 
07/02/20 (143); and ‘Former Bricklayer Turns Stones Into Works of Art’ URL refer-
ral on 10/01/20 (139).

The ‘ACHASM Contribution to “Covid-19” “Construction Return to Work” 
Documentation’ media release on 28/05/20 (239) addressed the contribution of a 
group of Candidate and Professional Construction Health and Safety Agents 
(CHSAs) to the development of the construction industry’s COVID-19 regulations 
and guidelines under the leadership of the Executive Director, ACHASM, who is 
also a research associate in the Department of Construction Management. This con-
stituted a major intervention on the part of construction H&S practitioners.

Table 14.2 Analysis of the Department of Construction Management’s environment-related 
Facebook posts for the period 15 June 2019 to 14 June 2020 in terms of type of post

Category
Total Reach Click R/C/S
No. % No. % No./post No. % No./post No. % No./post

URL referral 42 84.0 3666 74.8 87.29 137 55.2 3.26 60 64.5 1.43
Photo 5 10.0 707 14.4 141.4 76 30.7 15.20 26 28.0 5.20
Video 2 4.0 290 5.9 145.0 22 8.9 11.00 3 3.2 1.50
Media release 1 2.0 239 4.9 239.0 13 5.2 13.00 4 4.3 4.00
Total 50 100.0 4902 100.0 98.04 248 100.0 4.96 93 100.0 1.86
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Table 14.3 Analysis of the Department of Construction Management’s environment-related 
Facebook posts for the period 15 June 2019 to 14 June 2020

Date Post description Type
Reach

Clicks R/C/SNo. %

28/05/20 ACHASM Contribution to ‘Covid-19’ 
‘Construction Return to Work’ Documentation

Media 
release

239 4.88 13 4

03/10/19 SEEDS 2019 Conference Dinner, Ipswich, 
UK, 11 September - we received two awards

Photo 220 4.49 33 18

03/03/20 Mitigating the spread of the Coronavirus Video 179 3.65 9 1
28/09/19 WATER MOST IN Belgium!!! (Elevated 

canal)
Photo 170 3.47 14 4

22/06/19 Morocco to commence construction of world 
largest sea water desalination plant in 2021

URL 
referral

169 3.45 7 2

11/12/19 X’s second place in the Greenovate Property 
Awards 2019 Competition for his submission 
titled ‘Implications of a natural ventilation 
retrofit of an office building’ supervised by Y

Photos 161 3.28 15 3

18/06/19 A bridge made of grass URL 
referral

157 3.20 3 0

15/07/19 Asbestos-containing materials exist in many of 
our buildings and structures!

URL 
referral

145 2.96 10 3

07/02/20 R1.2 billion solar farm approved for the 
Garden Route

URL 
referral

143 2.92 2 2

10/01/20 Former bricklayer turns stones into works of 
art

URL 
referral

139 2.84 4 6

29/12/19 An Eye for Renewal | Carte Blanche | M-Net URL 
referral

136 2.77 4 4

10/09/19 Johannesburg unveils the completed S-bend 
wall mural project:

URL 
referral

122 2.49 0 2

22/10/19 ‘There is ingenuity in Africa’: The architect 
who builds with trash

URL 
referral

113 2.31 5 7

06/04/20 The National Institute for Occupational Health 
(NIOH) has arranged a PPE USE and 
COVID-19 Training Session

URL 
referral

111 2.26 9 2

05/10/19 Automated ‘decking’ swimming pool cover Video 111 2.26 13 2
20/12/19 Prefab homes on stilts include solar panels, 

water collection systems and organic gardens
URL 
referral

109 2.22 2 1

30/04/20 Covid-19 occupational health and safety 
measures in workplaces Covid-19 (C19 OHS)

URL 
referral

108 2.20 18 1

14/05/20 South Africa’s COVID-19 strategy needs 
updating: here’s why and how

URL 
referral

104 2.12 3 0

17/04/20 Site operating procedures protecting your 
workforce during coronavirus (Covid-19)

URL 
referral

103 2.10 6 2

08/01/20 Transparent solar panels will turn windows 
into green energy collectors

URL 
referral

103 2.10 4 8

24/04/20 Housebuilders begin ‘controlled’ restart of 
sites

URL 
referral

99 2.02 9 1

(continued)
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Table 14.3 (continued)

Date Post description Type
Reach

Clicks R/C/SNo. %

26/09/19 Astronauts make concrete in space for the first 
time

URL 
referral

98 2.00 0 1

30/04/20 Presentations to the ‘virtual’ first Asia Pacific 
SDEWES conference on sustainable 
development of energy, water and environment 
systems

Photo 92 1.88 11 1

11/10/19 Plastic brick invention to launch in Cape Town URL 
referral

91 1.86 6 0

09/03/20 Hemp wood, the ‘new’ oak. 20% stronger and 
grows 100 times faster!

URL 
referral

86 1.75 4 2

27/03/20 Australian university develops ‘pandemic 
drone’ to spot Covid-19 in crowds

URL 
referral

84 1.71 1 0

03/01/20 New York City passes law for bird-friendly 
exterior requirement for buildings

URL 
referral

83 1.69 2 0

21/04/20 Call for the designation of construction sector 
as essential services

URL 
referral

82 1.67 2 1

13/04/20 Commercial real estate must do more than 
merely adapt to coronavirus

URL 
referral

82 1.67 1 1

07/03/20 How Taiwan used big data, transparency and a 
central command to protect its people from 
coronavirus

URL 
referral

81 1.65 2 0

09/03/20 Ten coronavirus questions for construction 
firms

URL 
referral

80 1.63 2 2

09/01/20 House inside a rock URL 
referral

75 1.53 3 3

28/04/20 Learning during COVID-19 URL 
referral

73 1.49 5 3

20/12/19 Tesla’s new solar roof cheaper than A regular 
roof with solar panels

URL 
referral

73 1.49 2 0

29/02/20 Water theft: Thirty years of looting URL 
referral

71 1.45 2 0

27/02/20 Sevierville company first in the world to 
produce hemp hardwood flooring

URL 
referral

68 1.39 0 2

14/05/20 Crushing coronavirus uncertainty: The big 
‘unlock’ for our economies

URL 
referral

65 1.33 3 0

12/12/19 December 1998: White Paper on the Energy 
Policy of the Republic of South Africa

Photos 64 1.31 3 0

08/06/20 ‘What are the responsibilities of employers 
during COVID-19’

URL 
referral

62 1.26 4 0

11/03/20 Construction Health & Safety New Zealand 
(CHASNZ) has released a succinct resource 
that provides an overview of COVID-19 
toolbox and outlines some easy steps to take to 
mitigate the risk of catching the virus

URL 
referral

62 1.26 0 0

(continued)
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The ‘SEEDS 2019 Conference Dinner, Ipswich, United Kingdom on 11 
September - we received two awards’ photo on 03/10/19 (220) featured Professor X 
(Sustainability Retrofit Award) and Professor Y (Health and Safety Award), a 
research associate and a professor in the Department of Construction Management. 
Previous ‘Impact of Facebook posts’ research determined that posts relating to staff 
and students realised high reaches.

‘Mitigating the spread of the Coronavirus’ video on 03/03/20 (179) featured the 
Singaporean Minister for Health addressing their parliament with respect to the 
nature of COVID-19.

The ‘WATER MOST IN Belgium!!!’ (Elevated canal) photo on 28/09/19 (170) 
presented a notable photo of innovative engineering in terms of a canal negotiating 
local topography.

The ‘Morocco to commence construction of world largest sea water desalination 
plant in 2021’ URL referral on 22/06/19 (169) is relevant to the metropole in which 
the Department of Construction Management’s university is located in that the 
metropole has had water restrictions in place for years, and the City of Cape Town 
has three operational desalinisation plants, i.e. the issue is ‘close to home’.

‘X’s second place in the Greenovate Property Awards 2019 Competition for his 
submission titled “Implications of a natural ventilation retrofit of an office building” 
supervised by Y’ photo on 11/12/19 (161) featured a member of staff and a student 

Table 14.3 (continued)

Date Post description Type
Reach

Clicks R/C/SNo. %

20/12/19 UK renewables generate more electricity than 
fossil fuels for first time

URL 
referral

62 1.26 0 0

08/06/20 Covid-19: The folly of correcting mistakes 
when heading the wrong way

URL 
referral

61 1.24 0 0

18/01/20 This new building material has cement-like 
strength—and it’s alive

URL 
referral

57 1.16 1 0

11/06/20 Research group predicts severe recession due 
to ‘flawed, self-inflicted’ hard lockdown

URL 
referral

53 1.08 2 0

08/03/20 Coronavirus: Get over it! URL 
referral

49 1.00 5 0

19/03/20 Crane working at remote Antarctic site URL 
referral

48 0.98 1 0

05/06/20 Free content for World Environment Day URL 
referral

46 0.94 0 0

06/04/20 The power of good design URL 
referral

40 0.82 3 4

28/01/20 Foresight Africa: Top priorities for the 
continent 2020–2030

URL 
referral

37 0.75 0 0

11/06/20 Spain: Taking sustainable energy to the next 
level

URL 
referral

36 0.73 0 0

Total 50 4902 248 93
Mean 98.04 4.96 1.86
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in the Department of Construction Management. A stated above, previous ‘Impact 
of Facebook posts’ research determined that posts relating to staff and students 
realised high reaches (Smallwood, 2018).

‘A bridge made of grass’ URL referral on 18/06/19 (157) featured a bridge cour-
tesy of BBC News. Every year the last remaining Inca rope bridge still in use is cast 
down, and a new one erected across the Apurimac river in the Cusco region of Peru. 
The Q’eswachaka bridge is woven by hand and has been in place for at least 
600 years. Once part of the network that linked the most important cities and towns 
of the Inca empire, it was declared a World Heritage Site by UNESCO in 2013. No 
modern materials, tools or machines are used in the whole process of building the 
bridge – only grass and human power (Busque, 2019). Figure 14.1 provides a view 
of the bridge under re-construction.

‘Asbestos-containing materials exist in many of our buildings and structures!’ 
URL referral on 15/07/19 (145) is a post by SGS, Geneva, Switzerland, announcing 
the launch of its all-new Asbestos e-learning training course. Asbestos-containing 
materials are still an issue in South Africa, and the South African Asbestos 
Regulations 2001 were gazetted on 10 February 2002. These resulted in, inter alia, 
the substitution of asbestos fibre with synthetic fibre.

Fig. 14.1 Q’eswachaka bridge spanning the Apurimac river in the Cusco region of Peru 
(Busque, 2019)
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The ‘R1.2 billion solar farm approved for the Garden Route’ on 07/02/20 (143) 
featured a topical issue in South Africa, namely, electricity supply. The reason being 
the challenges courtesy of coal-fired power stations in the form of blackouts/power 
outages and the emissions from the power stations. Solar energy being a form of 
sustainable energy, in addition to the value of such construction projects, means that 
such posts are likely to attract interest.

‘Former Bricklayer Turns Stones Into Works of Art’ URL referral on 10/01/20 
(139) features Johnny Clasper from Yorkshire, UK, who evolved from a bricklayer to 
a stonemason. He is cited as turning stones and rocks into anything ranging from 
patios to innovative sculptures and captivating mosaics (Televičiūtė, 2016) (Fig. 14.2).

The bottom ten environment-related posts in terms of reach are as follows: 
11/06/20 ‘Spain: taking sustainable energy to the next level’ URL referral on 
11/06/20 (36); ‘Foresight Africa: Top priorities for the continent 2020–2030’ URL 
referral on 28/01/20 (37); ‘The power of good design’ URL referral on 06/04/20 
(40); ‘Free content for World Environment Day’ URL referral on 05/06/20 (46); 
‘Crane working at remote Antarctic site’ URL referral on 19/03/20 (48); 
‘CoronaVirus: Get over it!’ URL referral on 08/03/20 (49); ‘Research group pre-
dicts severe recession due to ‘flawed, self-inflicted’ hard lockdown’ URL referral on 
11/06/20 (53); ‘This new building material has cement-like strength—and it’s alive’ 
URL referral on 18/01/20 (57); ‘Covid-19: The folly of correcting mistakes when 
heading the wrong way’ URL referral on 08/06/20 (61), and ‘UK renewables gener-
ate more electricity than fossil fuels for first time’ URL referral on 20/12/19 (62).

14.4  Conclusions

Given the reach, clicks, and reactions, comments, and shares, overall, the Department 
of Construction Management’s Facebook page is relevant.

Given the respective reaches, clicks, and reactions, comments, and shares, non- 
environmental posts can be deemed to have had a greater impact than 

Fig. 14.2 Wall section (Televičiūtė, 2016)
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environment- related posts. However, the reaction to environment-related posts indi-
cates that such posts are of interest and relevant.

Although the non-environment-related posts were not presented and analysed in 
the paper, it should be noted that five of the top ten posts overall in terms of reach 
were student/staff/industry personalia-related, which prior research has identified as 
having the greatest impact in terms of the Department of Construction Management’s 
Facebook posts (Smallwood, 2018).

Based upon the findings, it can be concluded that certain environment-related 
posts are of greater interest than others. Those that are of greater interest include 
topical issues, personalia linked to the Department, and unique issues. Topical 
issues include COVID-19, access to water due to the local drought, solar energy, 
and asbestos-containing materials. Personalia linked to the Department include the 
receipt of awards by staff and students. Unique issues include ‘WATER MOST IN 
Belgium!!! (Elevated canal)’, ‘A bridge made of grass’, and ‘Former Bricklayer 
Turns Stones Into Works of Art’.

The two personalia linked to the Department posts constituted 4.0% of the posts, 
and although they accounted for 7.7% of the reach, they accounted for 19.4% of the 
clicks and 22.6% of the reactions, comments, and shares. This further underscores 
the finding of prior research, namely, that personalia-related posts were identified as 
having the greatest impact in terms of the Department of Construction Management’s 
Facebook posts (Smallwood, 2018). Furthermore, it leads to the conclusion that 
clicks and reactions, comments, and shares are important indicators and are ulti-
mately the ‘measure of impact’.

Furthermore, it can be concluded that Facebook plays an important role in shar-
ing a range of environmental issues and suitable solutions thereto as contended by 
Narula et al. (2019).

14.5  Recommendations

It is recommended that Facebook page statistics be regularly reviewed to determine 
the impact and relevance of posts. Attention should be focused on clicks and reac-
tions, comments, and shares.

Facebook page administrators should evolve a ‘cocktail’ of posts in terms of an 
ideal mix to optimise interest in, to inform, and to raise the level of environmental 
awareness and the impact of their pages. However, personalia linked to the depart-
ment or organisation should feature prominently in posts. Doing so is likely to pro-
mote interest in a page, the issues addressed, and the ‘owner’.

14 The Impact of Department of Construction Management Facebook…
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Chapter 15
‘The Breakfast Room Game’: A Case 
of an Innovative Construction Project 
Management Simulation for Year 6 
Children

Ian C. Stewart

15.1  Introduction

The following is the case of an academic/practitioner partnership that created an 
innovative Lego-based construction project management game/simulation for use in 
primary schools with year 6 pupils. The paper will show how the professionals 
involved (academic, construction project manager, headteacher) engaged with each 
other, the pedagogic design and operation of the game with some reflections on 
what was learned about the conditions for professional outreach of this type. The 
author runs a unit on the MSc Management of Projects at the University of 
Manchester which involves the use of live case studies of a range of different project 
types in the North West, donated by local companies. There is a certain degree of 
annual turnover in these cases so there is always a search for new ones. A project 
manager from local construction firm Beaumont Morgan offered his apartment 
complex construction as a case, in return for help with Corporate Social 
Responsibility (CSR) obligations attached to his project. He was charged with cre-
ating ‘social value’ for the community around his project, particularly for the pri-
mary school. This situation is becoming very common in construction projects 
being implemented in areas of social need, especially when the local councils are 
involved in the site acquisition.

In discussions with the headteacher of the primary school, the ideas of somehow 
bringing in construction practices, STEM, sustainability and life skills were drawn 
together. The headteacher asked whether actual construction materials could be 
brought to the school for the children to use, which of course would be a health and 
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safety problem and so an obvious ‘no’. However, this led to thinking of the possi-
bilities of other construction media and from this came the idea of using Lego to 
simulate some kind of construction activity. From this came the question of the 
kinds of learning outcome that the headteacher wanted.

The discussion on how such an activity could be performed and controlled led 
naturally to the need for project management and the opportunity for teaching the 
children construction project management techniques simultaneously with actually 
using them. Findings of studies reveal that using simulation in project management 
education can improve students’ knowledge level and develop their soft skills that 
are required in managing projects (Geithner and Menzel, 2016; Savelsbergh et al., 
2016; Konstantinou, 2015). Starting with Posner (1987), studies of project manage-
ment (PM) skills and competencies required by employers reveal these to be leader-
ship, communication, dealing with ambiguity, cultural awareness, relationship 
management, team working, time management, self-efficacy, planning, conflict 
resolution, problem-solving and dealing with complexity. These are also the kinds 
of things considered to be ‘life skills’. Therefore, PM could be an ideal means for 
children to experience and develop these life skills. If a construction project were to 
be simulated, what kind of structure would be relevant to the children? The idea of 
a purpose-built free-standing ‘Breakfast Room’ was proposed, as these are becom-
ing a common part of primary schools in deprived areas. They are also fairly simple 
structures, so well within a child’s imagination.

One typical trait of a profession is the transmission of practices and esoteric 
knowledge from experienced to neophyte. This is common in graduate employ-
ment, where graduates are taken beyond their university courses and introduced to 
the esoteric practices of the cadre. However, as will be shown, there is potential for 
such transmission regarding construction project work to begin far earlier. It is pos-
sible that outreach can achieve more than simply telling children about construction 
project work, but actually creating a realistic experience of the work, that is acces-
sible at their scale. This is more likely to have memorable impact on them. This kind 
of activity would be important for developing young people who are familiar with 
project work and see it as a first career. Though there is a little academic research in 
STEM outreach generally (i.e. Landry et al., 2019; Warner, 2019), there is virtually 
nothing on the experience of practitioners as they get involved in this. This paper 
will show that through partnership with an academic with interests in PM pedagogy, 
it is possible for construction project management practitioners to convert their 
knowledge and experience into compelling teaching and learning experiences that 
will be desirable to schools. Thus, they could satisfy CSR obligations with greater 
ease, creating benefit for the profession, for schools and for children, and even enjoy 
doing it. For construction PMs with CSR requirements, this paper will answer two 
questions of interest:

What are the interactions around the game between the principal stakeholders; 
academic practitioner; and teacher and child?

Which construction project management practices can actually be conveyed to 
children and used in one lesson?

I. C. Stewart
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15.2  A Pedagogy of Lego-Based Simulation 
and the ‘Intermediate Impossible’

When the serious use of Lego in teaching and learning is discussed, often the con-
cept of ‘serious play’ is thought of. However, this work must be distanced from the 
‘Lego serious play’ concept. Lego serious play is a branded facilitation methodol-
ogy using Lego to represent business or organisational matters, to encourage cre-
ativity, participation and ownership of problems (see Hayes & Graham, 2019; 
Hadida, 2013; Burgi et al., 2004). The work described here is different to that. The 
model constructed is not a symbol or a metaphor; although it might be a simplifica-
tion of something larger and more complex, it is actually the thing to be built and 
success in construction of the model that represent success in the learning activity.

To learn project management, a person has to actually manage a project. Learning 
by experience is essential, especially if the learner has no actual prior experience to 
reflect on. The Lego-based simulations created by the author are building with spe-
cific intent, to create model experiences with some degree of connection to the real 
world while participating in the activity of building model objects. In both playing 
with and using Lego ‘seriously’ in such a simulation, many interesting problems 
(designed-in and emergent) are met and solved. Progress is visible and easily mea-
sured, feedback is instant and errors are forgivable and easily corrected. The end, 
completion of the model, the material instantiation of the learning, is satisfying but 
also so should be the process.

Although not ‘serious play’, the sensation of ‘play’ is something to be aspired to 
in that the activity should feel effortless: the participant should feel in control and 
maybe even have a smile on their face as they do it. According to Race (2015), 
learners need to invest their emotions into a learning activity in order to feel ‘belong-
ing’. Emotional engagement is fundamental to effective learning, especially when 
designing simulations, to develop a sense of ‘commitment to the exercise…a sense 
of personal accomplishment or failure for results obtained… conflict, time- pressure 
or whatever in order to place the participant in as close to a real life situation as pos-
sible’ (Denholm et al., 2012).

Race (2005) in his book Making Learning Happen asserted the importance of 
knowing what factors make learning effective. His theory begins with knowing why 
individuals want to learn. At the ‘front’ end when designing a Lego-based learning 
experience, the intended learning outcomes have to be known. The most powerful 
question is ‘What should the learner be able to do by the end of this?’ As Race 
(2015) says ‘…it’s not knowledge till we do things with it…’. These outcomes then 
have to have valence to the ‘Why?’. Keys and Wolfe (1990) define a simulation as 
‘…a simplified and contrived situation that contains enough verisimilitude or illu-
sion of reality (or sufficient correspondence to the phenomena it purports to repre-
sent)’. Such illusions try to create or introduce some semblance of reality or 
authenticity into a learning environment to deliver higher-order learning outcomes 
involving synthesis, creation and action while simultaneously delivering soft-skill 
development. The rules or process for whatever activity is being simulated also have 
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to be known as these are what will structure the use of the knowledge or skill being 
taught through the simulation.

The following learning outcomes for the game were developed:
Discuss realistic construction project choices—structure, site, functionality, aes-

thetics, cost, budget and fitness for purpose (quality).
Identify the consequence of decisions in the difference between what the client 

wanted and what the team delivered.
Practice life skills such as knowing how to/when to ask for help, interacting with 

unknown adults, following instructions, improvising, negotiation, information han-
dling, teamwork and leadership.

Complete a piece of teamwork under realistic constraints of cost and time.
After the intended learning outcomes for the simulation were set, what followed 

with building a Lego-based simulation are the same considerations for producing 
any kind of simulation for learning. The next important question is, ‘how real’ 
should the simulation be? As Thavikulwat and Pillutla (2010) identify, decisions 
have to be made as to how much of the ‘real’ is to be represented: ‘…extraneous 
details, hazards, cost and inconveniences must be stripped away…producing an 
accelerated frame of action so that they can be more efficient than real world operat-
ing environments’. How much of the project management could actually be taught 
and then usefully experienced in a couple of hours? How much experience and life 
skill opportunity could be packed into the activity? Of course, it must be remem-
bered that the intended participants are children, so a softening of the illusory real 
is needed. Would they have resilience to cope when things went wrong as they 
might? Failure should not be so emotionally crushing as to block off learning, but 
the possibility has to be real enough to spur vigorous performance. Of course, when 
designing learning activities for children, the play element can be more explicit; 
however there is little need to design it in—the children are quite capable of finding 
it by themselves.

The problem driving the learning has to be real and the scenario created has to 
have sufficient realism for learners to enter into it and see a connection between 
what they are doing and actual project work. Like building with Lego, PM is about 
putting something new into the world, solving problems and battling constraints. 
The learners are likely to experience some very real emotions during the activity 
and hopefully obtain experiences that are directly related to project work. At the 
‘back’ end when it is finished, with careful debriefing, it must be ensured that they 
make sense of that experience and its relation to reality of project work. The partici-
pant’s learning is real.

In between the front and back end ‘realities’ is the ‘intermediate impossible’, to 
slightly warp the concept of de Bono (de Bono, 1986). Intermediate impossibles are 
described by Roffe (1999) as ‘…impractical, or even ridiculous, ideas [which] trig-
ger the imagination of a group and stimulate them’. Here is where the Lego comes 
in. Following the rules of the activity leads to the creation of objects that might be 
impossible or even ridiculous in the real world, but via completion of those objects 
comes completion of the learning; the impossible is an intermediate stage on the 
way to the learning outcomes. The need for learning construction PM techniques is 
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real; the need for a breakfast room and the constraints it is being procured under is 
real. However, the resulting room cannot actually be used to eat breakfast in. The 
rooftop garden available as an environmental extra has no stairs going up to it, and 
it features a hibachi grill which would never be allowed in a school. It is fun, but 
impossible. The completion of the impossible structure is an intermediate stage 
between the motivating problem and the satisfaction of the learning outcomes. The 
Lego model is a representation of their learning experience, without which the 
learning would be more difficult, perhaps impossible. It is a physical indicator of 
their progress in managing their project.

The main design issues and choices are presented in Table 15.1.
In parallel with the simulation design decisions are the considerations of how the 

work will function as a learning activity. For this, the Race model (Race, 2015) is 

Table 15.1 Key simulation design considerations

Simulation design 
consideration Response

Verisimilitude—The question 
of how much reality is 
‘enough’ to function in a 
realistic way but still allow for 
learning to play as well as 
playing to learn

The construction has to be realistic—a free-standing ‘breakfast 
room’ building with a slab floor, four walls, a roof, seating and 
tables for 30 children, glazing, doors
Children will be split into three teams—a PM team to design, 
cost and schedule and control the works, a construction team to 
transport and build and a supplier team to fabricate, hold and 
release construction components
Time pressure will be created by a sped-up clock running at 
1 min = 1 day, 30 days for construction. Cost and quality 
pressure will be created by a set budget but also by some 
conflicting client demands in the brief
PM tools—MoSCoW analysis of client brief, scheduling with 
visual tools such as Gantt chart, and project costing. Children 
would be familiarised with tools/theories before actually using 
them, via an interactive teaching session before the simulation
Realistic prices and nomenclature for the construction elements

Extraneous details—The 
question of where to draw the 
boundary between the real and 
the simulated experience

Decision was made not to include any risk management or risk 
events

Acceleration/timing—The 
question of how to sequence 
the actions in the simulation, 
how forgiving the simulation 
should be of children falling 
behind

There are 2 h available. Sense of urgency is created through the 
use of a sped-up clock
Expected sequence of actions—PM team does MoSCoW 
analysis of brief, design sketching and costing of design, check 
against budget, develop schedule and generate purchase orders. 
Supplier team puts their stock in order, receives purchase 
orders and releases stock at the correct time to the construction 
team. Construction team checks for quality, receives products, 
transports to site and assembles
The adults should be able to monitor the game clock and give 
help where needed if children as seen to fall behind or stall on a 
particular task

(continued)
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Table 15.1 (continued)

Simulation design 
consideration Response

Efficiency/actions—The 
question of what actions 
students are to take in 
coordination with the events in 
the simulation, how forgiving 
the simulated reality should be 
of the wrong actions

The project management team make setup decisions based on 
analysis of client brief and costing of design ideas (the supplier 
team holds the cost data, PM team will have to collaborate with 
them over designs). This will involve some calculation. These 
drive the scheduling; thereafter the schedule triggers 
procurement and construction activity. The remaining actions 
are transferring purchase orders and monitoring progress 
against the schedule
All relevant decisions will be made before construction; it is 
unlikely once the purchase orders have been placed, for 
anything to go wrong except perhaps delay in physical 
construction of the model

Material realisation/operating 
environment—Resources 
needed to operate or create the 
work of the simulation and its 
outcomes

A sufficient amount of Lego is required to create the 
prefabricated wall panels to speed up construction and make 
sorting, storage and handling easier
A set of PM documentation is required to control the project; 
Gantt chart with pre-made duration bars featuring lead time and 
fitting time to speed up assembly of the schedule for placing 
procurement orders. Price list for the supplier team, list of 
available construction elements for PM team design work, 
purchase orders and delivery notes. Instruction lists for the 
three teams should not go over one page
Three tables will be needed, one for each team with enough 
area to do the work as a team and a room with sufficient 
circulation space and a PC with projector for the PM lecture

Personal commitment—The 
question of how to create 
commitment to the illusion 
that we create such that the 
penalties and rewards created 
through it are felt as 
motivating

It is a ‘game’ but there is no internal competition between the 
teams. The teams collaborate to compete against the clock to 
deliver on time, cost and quality
There is a certificate of achievement for each child on 
successful completion
There should be positive peer pressure effects from being in 
teams and excitement from the novelty of this form of learning 
activity

Application of learning—The 
question of what an individual 
is supposed to know 
beforehand, what has to be 
learned in the process of the 
simulation

It is unlikely that the children will have any PM or construction 
knowledge before the simulation
Teaching around construction project management is provided 
at the start. An interactive lecture is presented such that as a 
theory is introduced, the students participate in examples of it 
in application. The teaching is as short as possible to allow 
them to apply the learning as soon as possible
Good performance has to be achieved quickly in order to keep 
up with the movement of time

Personal and group 
consequences—The question 
of how far the performance of 
an individual should affect the 
group and vice versa

PM team has to make decisions, whereas the construction and 
supplier teams are more reactive, driven by schedule and 
purchase orders. PM team will affect the performance of the 
other two teams; therefore they will need the most help
The teams are small enough that one not pulling their weight 
would affect the performance of the group in the simulation. 
Careful selection of the participants will prevent this
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used. Unlike the perpetual cycle of Kolb, the Race model for experiential learning 
has a definite start point—the want/need that sets the rest of the process in motion. 
Table 15.2 shows the Race categories and the matching pedagogic design points.

Verbalising and assessing stages are essential to drive the learning home, to 
ensure that the children are aware that they were not simply having fun with Lego; 
the Lego was just an intermediate stage on the way to completing the learning out-
comes. Children will be directed to compare the final model to the original brief, 
budget and schedule—to determine if the work has been brought in on time, cost 
and quality—the very soul of PM. Central to this stage is the ‘lessons learned’ activ-
ity, allowing the children to make judgements of the competences that they have 
gained or demonstrated and to discuss how the game could be improved.

15.3  Observations from Operation of the Game

Table 15.3 shows how the teaching session was organised.
A short lecture introducing PM theory was given, with fun examples to engage 

the children, Barnes triangle, then Gantt charts, with the idea of having problems 
getting to school on time. Suggested innovations like getting dressed before 

Table 15.2 Race model categories and matching design points

Race model 
category Design point

Want/need Children need to have fun and have curiosity stimulated in order to learn, they 
want something to tell other children about or their parents, they want to 
display competence, they want to be able to work with friends in a team, they 
want to be able to win, achievement has to seem possible from the start

Doing Production of model room; application of PM to control project; completion of 
project management documentation; making decisions which are realistic in 
terms of PM; collaboration between PM, construction and supplier teams; 
reasonably fast transition from planning to building with Lego, achievable 
within 2 h

Making sense Seeing how documentation allows for control of project, applying PM theories 
to decisions, seeing Lego construction take shape and being completed, 
realising how to make a contribution to the team, lessons learned/debrief, 
questions for the practitioner or academic

Feedback Identifying effect of contribution to team, successful completion of tasks, 
identifying effect of project control techniques, visual confirmation through the 
Lego structure, responses from team mates and other project groups, coaching 
and feedback from adults in process and at end, certificate of achievement

Verbalising Use of speech in communicating within team and between teams, describing 
problems to adults, giving instructions, giving encouragement and directions, 
providing lessons learned, hearing each other’s lessons learned

Assessing Comparing finished artefact to the initial client brief, self-judgement of 
competence based on contribution to the team
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washing or eating breakfast before we wake up kept laughs coming. Bottom-up vs. 
top- down costing was introduced via planning a pizza party and MoSCoW analysis 
using the wishlist of the client. Interestingly, most of the children already knew 
what a project and project management were, through their parent’s work. After 
this, the game was introduced. The children (a group of nine, five girls, four boys), 
were divided into three teams on three separate tables: PM, supplier and construc-
tion/logistics.

The PM team dealt with incomplete information to produce a design based on 
the client scope and budget. Then they developed a fully costed schedule and wrote 
purchase orders for prefabricated components (mostly panels of blank wall, glazing 
or doors to be fixed together) to suit their interpretation of the brief. There was a 
concern that the paperwork would be too boring for them to deal with, but they 
enjoyed playing with the ready-made blocks on the Gantt chart (composed of lead 
time and fitting time) and debating the order of tasks and deliveries. One boy was 
thrilled to do all cost calculations by hand and got annoyed at offers of a calculator. 
They naturally de-prioritised fancy fittings and extensive glazing through MoSCoW 
analysis, the client wanted a lot of natural light—a ‘should have’—but glass panels 
were the most expensive type of wall panel. They did this to make room for environ-
mental features like the rooftop garden and aerogenerators, but staying within budget.

The supplier team had a price list based on realistic construction costs, which 
were set by a quantity surveyor from Beaumont Morgan. Only the supplier team 
knew these costs, so they had to be consulted on implications of the design choices. 
They prefabricated the main structural components and then ‘sold’ them to the PM 
team as they became available. With a pile of Lego in the room, the principal chal-
lenge of the supplier team was to keep everyone’s hands off it until it was time to 
build, but the girls fiercely asserted that nothing left their premises without a signed 

Table 15.3 How the simulation sits in the teaching session

30 mins 30 mins 30 mins 30 mins
Teaching session Project preparation Construction Debrief

The children receive 
the business case and 
the brief
The children are 
introduced to some 
basic PM concepts in 
scheduling/costs
The children are put 
into teams and get 
familiar with their 
information and ask 
questions

The clock 
begins—1 min = 1 day—
deadline is day 60
The teams collectively 
interpret the brief, 
collaborate over a possible 
design and schedule, 
checking decisions against 
brief and impact on 
schedule/budget
Procurement orders are 
created

PM team places 
procurement 
orders and 
monitors progress 
against schedule
Supplier team 
receives orders and 
dispatches 
components
Construction teams 
obtain components 
from suppliers, 
assemble the 
chosen design

What went well, 
what did not—what 
did you learn about 
project 
management?
What advice would 
you give future 
project managers?
This can also be 
project over-run 
time if needed
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purchase order. They had the component lead time information, so they calculated 
when these would be completed and so made them available on time.

A construction and logistics team placed orders according to the PM team sched-
ule, checked the goods ex-works, rejected anything that did not pass their quality 
tests and then had responsibility to transport them from the supplier to the site and 
assemble them. They probably had the most fun as only they were allowed to build. 
The PM team drifted over to stand behind them, helpfully shouting encouragement, 
brandishing the Gantt chart and reminding them what day it was on the schedule. 
There was no competition as such in the game, but the teams were competing 
against the sped-up clock. The PM team felt this very keenly and made sure con-
struction team knew about it.

They successfully completed construction of their breakfast room 5 days ahead 
of schedule and under budget, as in Fig. 15.1. The ‘lessons learned’/debrief was 
based on two questions. In response to ‘What did you learn about project manage-
ment?’, the children said that PM was stressful, there was a lot of shouting and ‘lots 
of paper and information which gets out of control easily’; suppliers seem to be able 
to ‘lie back and wait for the money to flow in.’ In response to ‘What advice would 
you give project managers following your experience?’, the advice of the children 
was that PMs should try to stay calm, do things ahead of schedule and should ‘pro-
vide snacks for project workers when there are delays’. They exited the classroom 
very proud of their achievement certificate, holding it high.

15.4  How Skills Are Developed

It is impossible to claim that entirely new skills are developed after just 2 h of expo-
sure to experiential construction project management education. However, certain 
behaviours could be observed, and it can be argued that the practice of these led to 

Fig. 15.1 The completed 
breakfast room
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successful completion of the task. To that extent then, certain skills were evidently 
practiced. Also, some activities, such as use of Gantt charts, were entirely new to the 
children. Completion was dependent on scheduling, so successful completion meant 
that this technical skill was successfully acquired to some extent. Table 15.4 shows 
the skills and competencies experienced and what activities in the game supported 
this learning.

15.5  The Interactions and Exchanges in Production 
of the Game

The practitioner, headteacher and academic together designed the learning outcomes.

• The headteacher
• Set the requirements for value of the activity
• Chose the children to participate—these were clearly hand-chosen children, 

bright, inquisitive, continually asking questions
• Provided a suitable room, furniture and a teacher in attendance

• The practitioner
• Reached out to the school
• Requested the help of the academic
• Advised on construction processes
• Provided the construction terminologies and costings
• Paid for the required Lego pieces
• Wrote and presented a brief presentation on what it was like to be in charge of 

making a building
• Gave encouragement to the children, especially when designing the wall panels

Table 15.4 Skills or competencies acquired in the game

Skills and 
competencies 
experienced How

Science Observing the effects of project management
Technology Use of PM techniques, i.e. Gantt charts, to control the project, use of 

appropriate nomenclature, awareness of prefabrication
Engineering Making design choices from scope to realisation, organisation of 

production, organisation of supply chain, prefabrication
Mathematics Calculation of costs, quantities and procurement, cost modelling of 

different designs, budgetary control, impact of lead times
Sustainability Decision making around environmental construction options
Soft skills Teamwork, communication, information management, decision-making, 

dealing with incomplete information, collaboration, responsibility, 
giving/receiving instructions, interacting with unknown adults, working 
under time pressure, resilience
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• The academic
• Created the game architecture
• Made decisions on the operation and the project management theories/documen-

tation required
• Wrote and delivered the theory lecture and activities
• Purchased the Lego
• Provided some MSc student labour to help
• Gave support and advice to the practitioner in writing their presentation and 

ensuring its suitability for the audience

The role of the academic in the room was as per any other teaching context, to 
create a teaching experience and then to ensure effective participation in learning. 
There are differences between working with children rather than adults; there were 
more enthusiasm and spontaneous questioning. It was notable how the children 
encouraged each other and took pride in their role in their team.

The role of the practitioner in this kind of situation is under-researched. From 
direct observation in the class, it could be seen that the practitioner acted as a model 
of construction professional behaviour. There was a rapt audience for their anec-
dotes. The practitioner’s story of controlling his apartment complex project was of 
interest; the children were aware of constructions in their neighbourhoods. They 
seemed to enjoy facts about size, scale complexity, decisions and difficult situations 
and talking about what they would do in those situations. There are positive ego and 
esteem factors for practitioners through sharing accounts of their successes and tri-
umphs over adversity. The children responded to encouragement from practitioner, 
especially when the PM team was struggling to make design decisions/compro-
mises. Through engagement in this activity, the practitioner also obtained evidence 
for CSR, outreach and claims in support of professional chartership. The practitio-
ner now wants to be able to run the game themselves, to use it in subsequent out-
reach activities and so will need training in it from the academic. Interaction with 
the academic also gave the practitioner opportunity to reflect on their own practice 
and to observe interaction between education professionals from two different types 
of institution, getting a better sense of the concerns of headteachers which will 
enable him to speak their ‘language’ when making offers to other schools.

15.6  Future Developments

The game was made quite forgiving, due to concerns over resilience of the year 6 
pupils. However, there are some options for making it more challenging:

• Inclusion of risk events—through a deck of cards, roll of the dice, or spin 
of a wheel

• Play with competing suppliers
• Play with competing projects, limited supply
• Lower budgets requiring more value engineering and client negotiation
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The expanding role of ‘social value’ in construction projects means that major 
contractors are looking for ways to deliver £millions of benefit to the communities 
in which their construction projects are situated. Manchester City Council 
Construction Skills Network invited the author to present the game to the major 
construction companies in the area. From this meeting, Liang O’Rourke approached 
the author to build a version of this game for their corporate social responsibility 
department.

15.7  Conclusion

Throughout the design work the author was concerned, as the children had grown 
up digitally, would they still know how Lego ‘worked’? There was no need for con-
cern. Between the lines of the children’s comments in the lessons learned/debrief, it 
was clear they had an experience which reflected actual practice. PM was a valid 
means of teaching and practicing life skills for children as per the APM strategy to 
have ‘project management as a life skill for all’. It was notable that children appeared 
to have an awareness of PM through parental work and an intrinsic appreciation of 
deadlines and costs. They naturally prioritised sustainability considerations, finding 
ways to integrate aerogenerators and rooftop garden into the design and ensuring 
the budget would cover it. It was clearly possible to communicate the basic theory 
and techniques necessary to control a project. These included Barnes triangle, Gantt 
charts, top-down and bottom-up costing and MoSCoW analysis. Theories can be 
accepted if they are quickly demonstrated through practice.

Developing construction games and simulations is an excellent means to bring 
together practitioner and academic. Construction project managers charged with 
creating social value and academics looking for outreach activities have much to 
offer each other and together can create enriching innovative teaching and learning 
activities to engage future project managers and satisfy the CSR requirements 
placed on project organisations. The interactions identified in this paper show that 
each contributes unique value, the synergistic effect of which gets children excited 
about construction project management and hopefully creates lasting positive 
memories.

In terms of academic research in this area, although this paper is a case rather 
than a piece of research, it does raise questions worthy of future research. As regards 
the game, there are the classic questions that are asked of all teaching innovations—
Does it actually lead to learning gain? Do the children retain the learning and PM 
skills after a week, a year? A further question is how this might be fair beyond bright 
hand-picked children—reaching out to groups that may not have considered a man-
agerial role in the construction industry. To answer these would require post-test 
work and more lengthy interactions with primary schools. As regards the stakehold-
ers, particularly the practitioners, what are their real motivations for participating in 
these kinds of activity, what is their subjective experience of working with an aca-
demic and what do they feel they gain by participating in this kind of outreach? The 
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outreach experience from the point of view of the construction professional is 
under-researched. As regards this game/simulation as a type of outreach, has it 
changed any attitude towards the construction industry in the children? Answers to 
this question are the ultimate indicator of whether these kinds of activity succeed in 
stimulating a new generation of capable construction professionals.
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Chapter 16
Underground Utility Services on Irish 
Construction Projects: Current Work 
Practices and the Effectiveness 
of the Health and Safety Authority (HSA) 
Code of Practice

Shane Carmody, Michael Curran, and John P. Spillane

16.1  Introduction

Underground utility services are an inherent feature in the formation of any infra-
structure project, and nearly all urban utilities are buried underground (Canto- 
Perello & Curiel-Esparza, 2013). Some basic functioning utilities include gas, 
electricity and telecommunications (Healey, 1995), and their demand is increasing 
dramatically in response to rapid urban growth and development of new communi-
cation technologies such as broadband (Jaw & Hashim, 2013). These services are 
crucial to the surrounding environment and everyday life, for example, providing 
the removal of waste through sewage ducts, communication through fibre-optic 
cables, provision of drinking water and supplying gas to enable heating and cooking 
in homes. Jaw et al. (2018) assert that these essential services have fostered the need 
for holistic, data-driven planning of underground spaces for the sustainable devel-
opment of a city along with rapid urbanisation. Furthermore, Lester and Leonard 
(2007) note that this growing demand for utility services has resulted in much con-
struction of new utility installations, maintenance and repair systems. However, 
Metje et  al. (2015) argue that services can be extremely dangerous if the wrong 
methods and tools are incorrectly used, coupled with operative inexperience. 
Talmaki (2012) agrees that excavator operators undertaking tasks in the presence of 
underground utilities have the ever-present risk of striking buried utilities. A utility 
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strike occurs when any element of the utility network infrastructure is hit, leading to 
damage during excavation (USAG, 2016).

In Ireland, the dangers of working with underground utility services have been 
acknowledged by its governmental statutory organisations. The Electricity Supply 
Board (ESB) (2013) has published guidance on ‘Avoidance of Electrical Hazards 
when Digging/Drilling’ and states that the possibility of serious injury or death is a 
very realistic factor when working near or with services. Also, the Health and Safety 
Authority (HSA) (2016) has issued a ‘Code of Practice for Avoiding Danger from 
Underground Services’. However, on review, previous research acknowledging and 
highlighting the effectiveness of these guidelines is scant. Therefore, it is necessary 
to identify and evaluate why utility strikes are still occurring and causing disruption, 
if these guidelines are being utilised effectively. To address these issues and to fulfil 
a relatively new topic in the research area, it is paramount to acknowledge and gen-
erate results based on actual events that emerge, when considering these inherently 
complex environments. Thus, concentrating on this relevant facet of research, the 
aim of this study is to evaluate current work practices within the Irish underground 
utility service industry. Specifically, it aims to analyse services that are regulated 
and implemented by the HSA’s Code of Practice and to determine if these practices 
impact safety on utility projects from a positive or negative perspective. This is 
achieved by undertaking a sequential mixed-method approach, incorporating a 
combination of qualitative techniques for analysis, including a literature review and 
semi-structured interviews and manually assessing the resultant data using coding 
techniques. The literature primarily focuses on the HSA’s Code of Practice in 
Ireland whilst comparing its effectiveness in conjunction with similar guidelines in 
the United Kingdom (UK) and Australia. In addressing this aim, it is anticipated that 
this study will assist and aid on-site management and operative teams in identifying 
the risks when working with underground utility services and improving the safety 
of all stakeholders concerned on such projects in Ireland.

16.2  Underground Utility Services in Ireland, UK 
and Australia

Underground utilities are difficult to assess from the ground surface (Hao et  al., 
2012), and reliable and accurate information of underground utilities is crucial for 
planners and developers for underground spaces development (Jaw et  al., 2018). 
Talmaki and Kamat (2014) argue that the problem of underground utility lines being 
struck by excavating equipment is long-standing and significant. As underground 
utilities cannot be physically seen, they are much more dangerous and susceptible 
to being struck or damaged compared to overhead services. However, there are a 
range of systems and methods to preventing these strikes from occurring. The fol-
lowing provides an extensive review of the HSA’s Code of Practice in Ireland while 
comparing with similar guidelines in the UK and Australia.
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16.2.1  Client Duties

In Ireland, the HSA’s Code of Practice (2016) outlines strict guidelines based on 
construction regulations for the client to abide by when working with underground 
services. The Code of Practice states that the client has a legal duty to only employ 
competent designers and contractors and highlights that the client plays a very 
important role when it comes to safety and health on construction projects. However, 
in the UK, the Health and Safety Executive (HSE) (2014) place no such requirement 
on the client in their equivalent guidelines. Furthermore, the Australian Constructor’s 
Association (ACA, 2014) lacks detail regarding the client. Thus, compared to these 
other jurisdictions, the Irish Code of Practice ensures much more involvement from 
the client and recognises their role and duty of care. Moreover, Metje et al. (2015) 
support that it is the duty of the client to record the occurrence of utility strike inci-
dents in a variety of different ways as part of their health and safety reporting 
procedures.

16.2.2  Designer Duties

Comparing the Irish, UK, and Australian guidelines, the duties of the designer are 
very similar, where they are requested to always mitigate the dangers of under-
ground services by methods of designing the risk out of the project or task. The 
HSA (2016) enforces strict guidelines requesting designers to formulate a prelimi-
nary health and safety plan if a particular risk is highlighted within a project (i.e. 
underground service), as defined in the Safety, Health and Welfare at Work 
(Construction) Regulations 2013 (HSA, 2013). The HSA also requires a designer to 
ensure that the most up-to-date as-built drawings are obtained and passed onto the 
contractor to notify them of any risks that may remain. Both the HSE (2014) and 
ACA (2014) require that the designer should only identify service risks and high-
light the potential safety and constructability impact that will arise from these ser-
vices. However, Metje et al. (2015) argue that a lack of care around services and 
lack of information are reasons why utility strikes continue to occur. Nevertheless, 
Whittaker (2019) believes that it is very easy to adjust the constructability of a proj-
ect around dangers when they are highlighted.

16.2.3  Contractor Duties

The requirements of the contractor in Ireland are vague in comparison to that in the 
UK and Australia. The HSA (2016) guidelines request the contractor to ensure that 
risk assessments are completed and that the team members receive ‘adequate train-
ing’. However, in the UK the contractor must ensure a safe system of work is in 
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place, including clear information on the type of services that are in the area and the 
status of the services (HSE, 2014). The contractor must also state the method of 
work to be used to mitigate the risk of damaging the utility lines. A publication for 
working underground in New South Wales (2007) indicates that the principal con-
tractor must prepare a health and safety management plan that is site specific whilst 
ensuring that site-specific risk assessments are completed on a continuous basis. 
Furthermore, the ACA (2014) requires the contractor to liaise with designers to 
complete any risk assessments that highlight potential work practices that may 
cause a strike.

16.2.4  Using as-Built Drawings

The implementation of relevant as-built drawings is advocated for in all codes of 
practice and safety guidelines across Ireland, the UK and Australia. Cazzanigaa 
et al. (2013) notes that the ability to gain knowledge on the whereabouts and the 
status of a service is extremely useful; however, Talmaki et al. (2013) argue that 
utility strikes are caused by incomplete, out-of- date and inaccurate data. For exam-
ple, Shevlin (2011) supports that in the USA, many cities have underground utility 
lines that are over half a century old. HSE (2014) guidelines are extremely useful as 
they visually illustrate what a utility map may look like and how to interpret it. 
Conversely, the ACA (2014) guidelines lack any basic information regarding the 
interpretation of maps and drawings. Similarly, the HSA’s (2016) Code of Practice 
includes no such diagrams of explanation of maps; however, it clearly highlights all 
the limitations of maps, which is an extremely important aspect to have included in 
safety guidelines. Talmaki and Kamat (2014) argue that the accuracy of as-built 
drawings for the location and depth of utility lines cannot be considered reliable, 
causing marking techniques to be approximate and inaccurate in nature 
(Bernold, 2005).

16.2.5  Excavation Techniques

Many failed excavation cases are reported worldwide every year (Jaw & Hashim, 
2013), causing many serious accidents (Rogers et al., 2012). McMahon et al. (2005) 
state that more than four million holes are excavated in the UK every year, with 
approximately 60,000 utility strikes occurring (ICE, 2017). Furthermore, 500,000 
utility strikes occur annually in the USA (Talmaki & Kamat, 2014). In Ireland and 
the UK, excavators are one of the most common methods of striking services (HSE, 
2014; HSA, 2016), and Metje et al. (2015) claim that hand tools are also a very com-
mon cause of accidents if they are not used correctly. The ACA (2014) advises the 
best method to use is air lancing; however, this method is rarely used in Ireland or 
the UK. As a result, most utility strikes in Ireland happen as a result of plant items 
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such as excavators and drilling machines, due to the lack of fine control and visibil-
ity that the operator has (Barhale, 2006). Makana et al. (2018) further argue that 
excavation techniques including no trial holes or slip trenches dug to confirm utili-
ties, and the inappropriate and inadequate tools made available are also causal fac-
tors of utility strikes.

16.3  Research Method

This study is part of a primary investigation which aims to contribute to both indus-
try and academia. Taking into consideration the theoretical stance and reasoning 
that this research is founded on, a critical realism approach is adopted. Also, as the 
nature of the study mainly concerns the opinions of human participants, the onto-
logical approach is that of a subjectivist. On completion of an informative literature 
review, the research method adopted consists of six exploratory semi-structured 
interviews with six construction professionals, based within three Irish companies 
who specialise in extensive underground utility service works. All three companies 
operate mainly with earthworks and underground excavating for the installation of 
utility services. Guest et al. (2006) argue that data saturation can be achieved with 
six interviews, and these participants are selected based on criterion and conve-
nience sampling strategies: firstly, by identifying their credentials and experiences 
with underground utility services and, secondly, by arranging interviews depending 
on the participant availability at a suitable time convenient to them. A semi- 
structured interview approach is chosen as it provides a conversational nature which 
allows a more flexible response from the interviewees (Lingard et al., 2008). Also, 
this method allows questions to lead from one to another, enabling the interviewee 
to provide as much information as possible (Curran et al., 2018).

The identities of the interviewees involved remain anonymous, and confidential 
information (such as company names, addresses, client details, etc.) is not be dis-
closed. To ensure non- bias within the study, the job title of each interviewee is 
uniform throughout the three companies (i.e. groundsmen, engineer or director) 
whenever possible. Consideration for ethical issues is also acknowledged, and each 
participant is informed of the nature of the research, its overall purpose and what the 
resultant data is used for. Experience within the underground utility service industry 
is a key factor when choosing potential participants and also a knowledge and 
awareness of the HSA’s Code of Practice. The literature provides a range of key 
themes which in turn provides the basis of the questions for the interviews. All six 
interviews are recorded in handwritten note format, and the interviews took place on 
each site, where health and safety guidelines are adhered to, including the use of 
appropriate personal protective equipment (PPE).
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16.4  Results and Analysis

The interviews commenced by gaining general background information about each 
participant and their respective project, followed by extensively discussing service 
industry issues and how safety can be maximised on work areas surrounding ser-
vices. The semi- structured interview process allowed the operatives to voice their 
opinions about the industry and the problems that surround safe working practices. 
It should also be noted that all the participants (named Operatives 1 to 6) were 
highly involved in dealing with utility services and had witnessed a strike on a ser-
vice during their industry careers. A range of operatives were interviewed, including 
groundsmen, engineers and directors. Table 16.1 illustrates the various factors that 
influence strikes.

The most common issues identified are ‘No scanning’, ‘No as-built drawings’, 
‘Key indicators not studied’, ‘Poor plant operator’ and ‘Poor communication’. 
Nevertheless, Table 16.2 illustrates a concise list of strategies on how to improve 
safety around services. The most common strategies include ‘scan the full works 
area’, ‘accurate and on time as-builts’ and ‘communication between staff before 
work takes place’.

The final part of the interviews centred around their evaluation of the current 
HSA’s Code of Practice and whether they felt that it is an effective guideline to 
prevent strikes from occurring on-site. All interviewees stated that they were famil-
iar with the Code of Practice, and five of the six operatives believed that the Code is 
effective. It is worth documenting that the findings from the individual interviews 
are specific to this research, thus not a generalised view. Nevertheless, this study 
provides a foundation to advance and expand further, supporting continuous 
research into the HSA guidelines and safe working practices in the underground 
utility services industry in Ireland.

Table 16.1 Various factors that influence service strikes

(O = Operative)
Case A Case B Case C
O1 O2 O3 O4 O5 O6

Poor plant operator x x x
Lack of warning tape x x
No blinding material x
Cable not in location prescribed x x
No scanning x x x x x
No as-built drawings x x x x
Key indicators not studied x x x
Services not installed as per spec x
Poor communication x x x
Lack of relevant experience x x
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16.5  Discussion

16.5.1  Various Factors that Influence Service Strikes

Collectively, ten fundamental issues and problems were identified and discussed 
throughout the six interviews. The analysis undertaken identifies ‘No scanning’, 
‘No as-built drawings’ and ‘Key indicators not studied’ as the most common factors 
that influence strikes. These were recurring themes across all six interviews, and 
many of the respondents shared almost identical views, even though they were 
based on different projects and employed by different companies. The HSA (2016) 
clearly states that it is the duty of the designer to provide up-to-date as-built draw-
ings before any project commences. Thus, it is interesting to note why these are not 
being implemented by companies prior to a project commencing. Sărăcin (2017) 
supports that the precise knowledge of the positioning and routes of services has 
become a necessity in the service industry, which leaves no excuse for companies 
not to have access to as-built drawings.

Furthermore, the HSA (2016) advises the use of utility scanners on projects 
before any work commences. The Code provides further detail on each scanner and 
the limitations and benefits of each, as do the HSE (2014) and ACA (2014) guide-
lines. It is difficult to comprehend why issues such as no scanning and as-built 
drawings are huge contributors towards strikes on projects, particularly when a 
statutory code exists. The Code clearly states why and how scanners and maps 
should be used, yet this information appears to be ignored. Nevertheless, Makana 
et al. (2018) support that a common cause of utility strikes is not using appropriate 
geophysical methods to scan an underground area.

Another recurring theme was ‘Key indicators not being studied’. Three of the 
operatives felt that this area needs to be explored further. The HSA guidelines only 
have an extremely brief section on what these key indicators might be and do not 
provide any significant information to the reader. However, the client’s duty is 
clearly outlined, and it is stated that competent and experienced designers and 

Table 16.2 How to improve safety around services

(O = Operative)
Case A Case B Case C
O1 O2 O3 O4 O5 O6

Hand dig around service x x
More civil inspector’s present on site x x
Liability lies with installer x
Scan the full works area x x x x x x
Communication between staff before work takes place x x
Service to be installed as per spec x x
Accurate and on time as-builts x x x
Key indicators to be studied before work takes place x
Spotter to be in place at all times x
All services to be surveyed after changes take place x
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contractors should be employed where applicable (HSA, 2016). One of the respon-
dents stated that most issues can be minimised and eradicated by hiring experienced 
and competent contractors and designers; however, there is always a risk of human 
error. Nevertheless, another respondent remarked that if the Code is observed prop-
erly by operatives, then there should be minimal strikes occurring on-site.

16.5.2  How to Improve Safety around Services

Ten improvements and strategies can be implemented to increase safety around 
underground utility services. All six operatives declared that ‘Scanning the full 
works area’ is paramount to improve safety. The HSE (2014) and HSA (2016) 
actively encourage the use of scanners to locate services within the work area. 
‘Accurate and on time as-built drawings’ was another important strategy identified 
by the respondents, as Costello et al. (2007) note that the accuracy of as-builts can 
be very misleading at times. Also, the time it takes to access certain types of as-built 
drawings was a concern for some of the interviewees, as this has the potential to 
stop work from commencing. Fibre-optic cable as-built drawings can take nearly a 
whole month before the operative receives them on-site. HSA (2016) guidelines 
state that it is up to the service providers’ discretion to do everything that is reason-
ably practical to ensure such information is made available to whoever requires it.

The operatives argued that this is a grey area for utility companies as the Code of 
Practice suggests that it is the designer’s duty to ensure that the most up-to-date as- 
built drawings are passed onto the contractor. While this duty should be fulfilled, it 
still does not address the issue of the length of time to access as-built drawings. It is 
interesting to note that in an emergency situation, companies are advised to under-
take work assuming services are in the area. Furthermore, if as-built drawings can-
not be obtained, the HSA (2016) advises that the utility company requests a 
representative on-site to help locate services. Two operatives believed that ‘More 
civil inspectors present on site’ would maximise the safety around services as proj-
ects commence. The role of the inspector helps to identify the service when excava-
tion takes place and its approximate location before excavating. The civil inspector 
would also sign off on any work done to the service, which in turn increases the 
chances of the ‘Service being installed as per specification’. These factors should 
dramatically increase the safety around services and thus reduce strike rates. It is not 
a requirement to have civil inspectors on site when work is undertaken; however, 
one of the directors interviewed argued that it would be in the best interests of the 
company to request that an inspector is present on-site when work is taking place. 
Makana et al. (2016) discuss the development of PAS 128 (BSI, 2014), a new stan-
dard specification for underground utility detection, verification and location, which 
aims to address some of these shortcomings identified.
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16.5.3  The HSA Code of Practice

The interviews concluded with a discussion on the HSA’s Code of Practice for 
Avoiding Danger from Underground Services. All six interviewees were familiar 
with the Code, and five of them understood its purpose to aid potential users within 
the industry. Two of the respondents believed it could be improved in certain ways. 
One of the main improvements suggested is the inclusion of a section based on key 
indicators and how they can be clearly identified. Experienced and competent con-
tractors should understand what key indicators are and how they can be utilised to 
prevent strikes from occurring; however, some guidance is still necessary. One 
respondent suggested that it would take an inexperienced operative far less time to 
understand what key indicators are from using a guidance document, rather than 
weeks or months of on-site experience. Nevertheless, there is no doubt that on-site 
experience and guidance from more experienced operatives are vital to young oper-
atives, but it still takes considerable time to provide the education and training.

Another theme conveyed during the interviews was that the Code of Practice is 
struggling to keep up with new trenchless technologies that now currently exist. 
Based on the literature research, the HSA’s Code of Practice (2016) has no guidance 
on trenchless technologies which creates a potentially serious issue for utility com-
panies. Although these practices are uncommon in Ireland at present, it is more than 
likely that companies will implement new and improved methods in the not too 
distant future. The main excavation techniques currently being utilised are via exca-
vators or hand tools, but one respondent acknowledged that if trenchless technolo-
gies are to advance in Ireland, then the current HSA guidelines should be updated 
and streamlined to include information on these technological advancements.

16.6  Conclusion and Recommendations

Essentially, this exploratory study focuses on the impact that the HSA’s Code of 
Practice for Avoiding Danger from Underground Services in Ireland has on projects 
which are undertaken within the underground utility service industry in Ireland. 
Underground utility services are an inherent feature in the formation of any infra-
structure project, and these services are crucial to the surrounding environment and 
everyday life. Therefore, site operatives and management teams are tasked with 
ensuring that groundworks are conducted safely, and the threat of underground 
strikes is minimised through the early identification of issues and adoption of resul-
tant strategies to counteract the issues identified. Considering the results captured 
from the six interviews and data analysis, various issues within the underground 
utility service industry which contribute to strikes occurring in Ireland include ‘No 
scanning’, ‘No as-built drawings’, ‘Key indicators not studied’ and ‘Poor commu-
nication between operators’. Some of the various strategies identified to counteract 
these issues and to improve safety around services include ‘Scanning the full works 
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area’, ‘Accurate and on time as-built drawings’ and ‘More civil inspectors on site’. 
Moreover, the results indicate that the HSA’s Code of Practice is effective in pre-
venting strikes from occurring, as five out of the six operatives agreed that it was a 
helpful aid to them while working on underground utility services.

However, the findings established from the interviews and data analysis are spe-
cific to this research, and only a concise, subjective view of the topic is produced, 
not a generalised one. Nevertheless, this study provides a foundation to advance and 
expand further, supporting continuous research into HSA guidelines for under-
ground utility services in Ireland. Many of the issues that exist within the under-
ground utility service industry in Ireland are very clearly articulated and highlighted 
in the HSA guidelines; however, it is evident that they are not being followed prop-
erly, or at all in some extreme cases, by operatives on-site. Based on the research, it 
is evident that the Code does assist in the prevention of strikes, but it is not being 
utilised to its full potential. The findings in this paper can be developed further, and 
it is anticipated that a broader analytical context can be addressed in a subsequent 
journal publication, where additional theoretical points of departure and areas of 
discussion can be articulated. To gain a richer understanding of current work prac-
tices and the effectiveness of the guidelines in these inherently risky environments, 
alternative qualitative research methods can be implemented in further research 
such as action research and ethnography.

It is recommended that more individual interviews and focus group seminars are 
considered for qualitative analysis, and a sequential selection strategy is incorpo-
rated using criterion selection, such as quota and random sampling. From a quanti-
tative perspective, a questionnaire survey should be composed and distributed to a 
larger sample to further strengthen the research. There is also an opportunity to 
develop and update the current HSA’s Code of Practice and introduce compulsory 
elements such as training and educational programmes for new, inexperienced site 
operatives. Furthermore, underground utility service operatives should hold a spe-
cific safety card prior to undertaking any groundworks, similar to the Safe Pass card 
held by general construction operatives. Nevertheless, this study provides a founda-
tion for informing and confirming the validity and necessity of the research and 
ensuing investigation going forward. Overall, the key contribution of this research 
reinforces that the HSA’s Code of Practice is effective in promoting safety in the 
underground utility services industry in Ireland. However, the research also high-
lights that the Code of Practice is not being followed and utilised effectively by 
operatives in the industry and provides recommendations for appropriate imple-
mentation and use.
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Chapter 17
Health and Safety Practices 
and Performance on Public Sector 
Projects: Site Managers’ Perceptions

Nomakhwezi Mafuya and John Smallwood

17.1  Introduction

The Construction Industry Development Board (CIDB) (2009) highlights the con-
siderable number of accidents, fatalities, and other injuries that occur in the South 
African construction industry in their report ‘Construction Health & Safety Status 
& Recommendations’. The report also cited the high level of non-compliance with 
H&S legislative requirements, which the CIDB contends is indicative of a defi-
ciency of effective management and supervision of H&S on construction sites as 
well as planning from the inception/conception of projects within the context of 
project management. Furthermore, the report also cited a lack of sufficiently skilled, 
experienced, and knowledgeable persons to manage H&S on construction sites.

The Construction Regulations, which constitute the primary regulations in terms 
of managing H&S in the South African construction industry, allocate a range of 
H&S responsibilities to clients, designers, quantity surveyors, principal contractors, 
and contractors (Republic of South Africa, 2014).

Given the status of H&S in South African construction, the requirements of H&S 
legislation, the functions of SMs, and the status of H&S on ECDRPW’s projects, a 
study was conducted among ECDRPW’s projects’ contractors’ SMs, the aim being 
to assess H&S-related experiences and practices on ECDRPW’s projects. The 
objectives were to determine the:

• Frequency at which 16 H&S actions are undertaken;
• Frequency of H&S training;
• Frequency at which four ergonomics problems are encountered;
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• Extent to which ten factors contribute to exposure to hazards on construction 
sites, and

• Frequency at which 24 factors are the cause of construction accidents.

17.2  Review of the Literature

17.2.1  Health and Safety Legislation

In terms of the South African Construction Regulations (Republic of South Africa 
(RSA) (2014), clients are required to, inter alia, prepare an H&S specification based 
on their baseline risk assessment (BRA), which is then provided to designers. 
Designers in turn are required to, inter alia: consider the H&S specification; submit 
a report to the client before tender stage that includes all the relevant H&S informa-
tion with respect to the design that may affect the pricing of the work, the 
geotechnical- science aspects, and the loading that the structure is designed to with-
stand; inform the client of any known or anticipated dangers or hazards relating to 
the construction work and make available all relevant information required for the 
safe execution of the work upon being designed or when the design is changed; 
modify the design or make use of substitute materials where the design necessitates 
the use of dangerous procedures or materials hazardous to H&S; and consider haz-
ards relating to subsequent maintenance of the structure and make provision in the 
design for that work to be performed to minimise the risk. Hazard identification and 
risk assessment (HIRA) and appropriate responses in the form of amendments to 
design, details, and specification are necessary to mitigate design originated haz-
ards, which process should be structured and documented.

The H&S specification, which in theory should have been revised to include any 
relevant H&S information included in the designer report, must then be included in 
the tender documentation by clients. Thereafter, clients must, inter alia: ensure that 
potential principal contractors (PCs) have made provision for the cost of H&S in 
their tenders; ensure that the PC to be appointed has the necessary competencies and 
resources; ensure that every PC is registered for workers’ compensation insurance 
cover and in good standing; discuss and negotiate with the PC the contents of the 
PC’s H&S plan and thereafter approve it; take reasonable steps to ensure that each 
contractor’s H&S plan is implemented and maintained; ensure that periodic H&S 
audits and documentation verification are conducted at agreed intervals, but at least 
once every 30 days; ensure that the H&S file is kept and maintained by the PC, and 
appoint a competent person in writing as an agent when a construction work permit 
is required.

Key contractor-related interventions in terms of the Occupational Health and 
Safety Act (RSA, 1993) and the Construction Regulations (RSA, 2014) include 
HIRA, which has implications in terms of awareness and competencies in the form 
of knowledge and skills. Consequently, H&S information and training are critical 
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for managers, supervisors, and workers. Toolbox talks can inform and raise the level 
of awareness, H&S induction informs with respect to key H&S issues on sites such 
as hazards, daily H&S task instructions inform and caution workers with respect to 
hazards related to activities, and HIRA training empowers supervisors and workers 
to conduct HIRA. Safe work procedures (SWPs) guide supervisors and workers in 
terms of undertaking activities in a healthy and safe manner and should follow 
HIRA. Therefore, adequate supervision is necessary to ensure that SWPs are fol-
lowed and that any personal protective equipment (PPE) required is in fact worn.

17.2.2  Ergonomics Problems

Based upon previous studies conducted in South Africa, the following were identi-
fied as the top ten ergonomics problems: repetitive movements; climbing and 
descending; handling heavy materials; use of body force; exposure to noise; bend-
ing or twisting the back; reaching overhead; reaching away from the body; working 
in awkward positions; and handling heavy equipment (Smallwood, 1997, 2002; 
Smallwood et al., 2000).

17.2.3  Contributing Factors in Accidents

A hundred accidents were reviewed during a study conducted by Haslam et al. (2005).
The first category includes ‘immediate accident circumstances and shaping fac-

tors’. Problems arising from workers, which include all site-based personnel, or the 
work team, especially worker actions or behaviour and worker capabilities, were 
judged to have been involved in over 70% of the accidents. Workplace factors, most 
notably poor housekeeping and problems with the site layout and space availability, 
were considered to have contributed 49% of the accident studies. Local hazards on- 
site were a feature in many of the 100 accidents reviewed. Shortcomings with equip-
ment, including personal protective equipment (PPE), were identified in 56% of the 
incidents.

The second category are ‘originating influences’, in which case inadequacies 
with risk management were considered to have been present in 94% of the acci-
dents. In terms of ‘construction design and processes’, Haslam et al. state that the 
elimination or reduction of risks through design or alternative methods of construc-
tion is highly desirable. In terms of ‘project management’, a clear influence from 
problems with project management was identified in only a quarter of the accident 
studies, although this is likely to have been because the precise effects are difficult 
to corroborate. In terms of ‘risk management’, deficiencies related thereto were 
identified in most of the 100 accidents studied. Accidents invariably involve an 
inadequately controlled risk, which is indicative of a failing of management. In 
terms of ‘client and economic influences’, there was limited direct evidence of the 
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influence of client requirements or the economic climate on the accidents studied, 
although they undoubtedly do affect construction H&S.  The findings relative to 
‘H&S education and training’ were three-fold: H&S being overlooked in the con-
text of heavy workloads and other priorities; taking shortcuts to save effort and time, 
and inaccurate perception of risk. Underlying each of these are inadequate H&S 
knowledge, which indicates deficiencies with H&S education and training.

17.3  Research

17.3.1  Research Method and Sample Stratum

The study adopted a quantitative approach and focused on the seven school con-
struction projects underway in the Sarah Baartman District of the Eastern Cape 
province administered by the ECDRPW and included, inter alia, 40 contractors’ 
SMs that were involved with the projects. The SMs were surveyed using a self- 
administered questionnaire, which was deemed appropriate due to the geographical 
location of the school projects and the fact that respondents were SMs. The ques-
tionnaire consisted of 22 questions and 6 sub-questions, 21 of which were closed- 
ended and 7 open-ended. Six of the close-ended questions were demographic, and 
ten were Likert scale-type questions. Thirty-three responses were received and 
included in the analysis of the data, which equates to a response rate of 82.5%. The 
analysis of the data entailed the computation of descriptive statistics in the form of 
frequencies and a measure of central tendency in the form of a mean score (MS).

17.3.2  Research Results

57.6% of respondents have worked for their current employer ≤ 1 year, 33.3% for 
> 1 ≤ 5 years, and 9.1% for > 5 years. The mean length of time respondents had 
worked for their current employer is 2.3 years. 39.4% of respondents have worked 
in construction > 1 ≤ 5 years, followed by 24.2% for > 20 years, 15.2% for ≤ 1 year, 
12.1% for > 10 ≤ 20 years, and 9.1% for > 5 ≤ 10 years. The mean length of time 
respondents had worked in construction is 11.9 years. In summary, 84.8% of respon-
dents have worked in construction for >  1  year, 45.4% for >  5  years, and 
36.3% > 10 years. Therefore, the respondents can be deemed experienced, which 
contributes to the reliability of the findings.

36.4% of respondents were ≤ 30 years of age, followed by 27.3% > 30 ≤ 40, 
followed by 15.2% relative for each of >  40  ≤  50 and >  50  ≤  60, and only 
6.1%  >  60  years. In summary, 63.7% were ≤  40  years of age, and 36.5% were 
> 40 years. Per definition relative to workers, people > 40 years of age are ‘older 
workers’. The mean age was 37  years. 39.4% of respondents were female, and 
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60.6% were male. In terms of qualifications, 53.1% of the respondents have a 
National Diploma or higher qualification.

Table 17.1 presents the frequency at which 16 H&S actions are undertaken on 
ECDRPW’s projects in terms of percentage responses to a frequency range never to 
always, and MSs ranging between 1.00 and 5.00.

The relatively high level of response relative to the ‘unsure’ option in many cases 
is attributable to the respondents being SMs, and not necessarily in the position to 
respond with certainty. However, in many cases they could have deduced the status 
quo. For example, the frequency that first ranked ‘ensure that the designer takes the 
H&S specification into consideration during design stage’ is the case, which 
attracted 28.1% unsure response, could have been deduced by perusing the PC’s 
version of the H&S specification, and deliberation of the realities reflected in the 
design and details and on-site-related realities. However, it would have been more 
difficult to deduce the frequency that ‘assemble H&S expertise at design develop-
ment stage’ is the case, which attracted 40.6% unsure response, although an inquiry 
directed to the CHSA, if one was appointed, would provide an indication.

It is notable that all the actions have MSs >3.00, which indicates that in general, 
the actions can be deemed to be taken frequently, as opposed to infrequently.

It is also notable that 15/16 (93.8%) MSs are >4.20 ≤ 5.00 – between often and 
always/always. The top 5/15 (33.3%) MSs are in the upper half of the range, namely 
>4.60 ≤ 5.00 – ‘ensure that the designer takes the H&S specification into consider-
ation during design stage’, ‘assess whether the PC to be appointed has the H&S 
competencies and resources to carry out the construction work safely’, ‘provide the 
H&S specification to contractors at bidding stage’, ‘monitor the development of the 
H&S file’, and ‘ensure that the H&S specification is specific to the activities to be 
undertaken’. These are notable findings as they are requirements of the Construction 
Regulations, and indicate that the intended integration of design, procurement, con-
struction, and use phase are being realised. The first five actions in this range are 
followed by ‘BoQ include H&S items’, ‘ensure adequate provision for H&S is 
reviewed prior to awarding the project’, ‘approve the H&S plan relative to the H&S 
specification and Construction Regulations’, ‘assemble H&S expertise at design 
development stage’, ‘receive the H&S plan from the contractor prior to commenc-
ing work on site’, ‘ensure the baseline risk assessment (BRA) is provided to the 
designer(s) prior to commencement of the bidding process’, ‘monitor construction 
activities relative to design HIRAs’, ‘monitor construction activities relative to the 
H&S plan’, ‘discuss and negotiate with the PC the contents of the plan at the end of 
the review process’, and ‘ensure the design HIRA process is documented prior to 
commencement of the bidding process’. Most of these are requirements of the 
Construction Regulations and underscore that the intended integration of design, 
procurement, and construction are being realised. However, the facilitation of ade-
quate financial provision for H&S has been a contentious issue.

The last ranked action ‘revisit the process if the design changes at any point’ has 
a MS > 3.40 ≤ 4.20, which indicates it can be deemed to be taken between some-
times and often/often. However, the 4.12 MS is very close to the upper limit of 
the range.
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Table 17.1 Frequency at which 16 H&S actions are undertaken on ECDRPW’s projects

Action

Response (%)

MS RankUnsure Never Rarely
Some- 
times Often Always

Ensure that the designer takes the 
H&S specification into 
consideration during design stage

28.1 0.0 0.0 0.0 6.3 65.6 4.91 1

Assess whether the PC to be 
appointed has the H&S 
competencies & resources to 
carry out the construction work 
safely

15.6 0.0 0.0 3.1 9.4 71.9 4.81 2

Provide the H&S specification to 
contractors at bidding stage

18.2 3.0 0.0 0.0 18.2 60.6 4.63 3

Monitor the development of the 
H&S file

15.6 3.1 3.1 0.0 9.4 68.8 4.63 4

Ensure that the H&S specification 
is specific to the activities to be 
undertaken

9.4 0.0 3.1 6.3 12.5 68.8 4.62 5

BoQ include H&S items 6.5 0.0 6.5 6.5 9.7 71.0 4.55 6
Ensure adequate provision for 
H&S is reviewed prior to 
awarding the project

12.5 0.0 3.1 9.4 12.5 62.5 4.54 7

Approve the H&S plan relative to 
the H&S specification and 
construction regulations

18.2 0.0 6.1 0.0 21.2 54.5 4.52 8

Assemble H&S expertise at 
design development stage

40.6 0.0 3.1 3.1 15.6 37.5 4.47 9

Receive the H&S plan from the 
contractor prior to commencing 
work on site

9.1 6.1 3.0 3.0 9.1 69.7 4.47 10

Ensure the baseline risk 
assessment (BRA) is provided to 
the designer(s) prior to 
commencement of the bidding 
process

25.0 3.1 3.1 3.1 12.5 53.1 4.46 11

Monitor construction activities 
relative to design HIRAs

21.2 0.0 3.0 3.0 30.3 42.4 4.42 12

Monitor construction activities 
relative to the H&S plan

12.1 0.0 6.1 6.1 24.2 51.5 4.38 13

Discuss and negotiate with the 
PC the contents of the plan at the 
end of the review process

18.2 3.0 6.1 0.0 24.2 48.5 4.33 14

Ensure the design HIRA process 
is documented prior to 
commencement of the bidding 
process

21.2 3.0 6.1 6.1 15.2 48.5 4.27 15

Revisit the process if the design 
changes at any point

24.2 0.0 6.1 9.1 30.3 30.3 4.12 16
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Table 17.2 presents the frequency of H&S training in terms of percentage 
responses to a range annually to daily, and MSs ranging between 0.00 and 7.00, the 
midpoint of the range being 3.50. It is notable that all the MSs are above the mid-
point of 3.50, which indicates that in general, the respondents’ organisations can be 
deemed to present the training frequently, as opposed to infrequently.

It is notable that the MSs of Daily Safe Task Instructions (DSTIs), general H&S 
training, and ‘toolbox talks’ are > 6.13 ≤ 7.00 – between weekly and daily/daily.

The MS for hazard identification and risk assessment (HIRA) is > 4.39 ≤ 5.26, 
which indicates that it can be deemed to be conducted between monthly and fort-
nightly/fortnightly.

The MS for H&S induction is > 3.51 ≤ 4.39, which indicates it can be deemed to 
be presented between quarterly and monthly/monthly. This is not unexpected, as 
H&S induction is presented to persons previously unexposed to sites.

Table 17.3 presents the frequency at which four ergonomics problems are 
encountered on projects in terms of percentage responses to a frequency range never 
to daily, and MSs ranging between 1.00 and 5.00. It is notable that all the MSs are 
> 3.00, which indicates that in general the ergonomics problems can be deemed to 
be encountered frequently, as opposed to infrequently.

It is notable that the MS of repetitive movements is > 4.20 ≤ 5.00, which indi-
cates it can be deemed to be encountered between ‘daily to weekly’ and daily/daily.

3/4 (75.0%) of the problems’ MSs are > 3.40 ≤ 4.20, which indicates use of body 
force, handling heavy material/equipment, and climbing and descending can be 
deemed to be encountered between ‘weekly to fortnightly’ and ‘daily to 
weekly’/‘daily to weekly’.

Table 17.4 indicates the extent to which ten factors contribute to exposure to 
hazards on construction sites in terms of percentage responses to a scale of 1 (minor) 
to 5 (major), and a MS ranging between 1.00 and 5.00.

It is notable that all the MSs are above the midpoint score of 3.00, which indi-
cates that in general the respondents can be deemed to perceive all factors contribute 
to exposure to hazards on construction sites.

It is notable that no MSs are > 4.20 ≤ 5.00 – factors contribute between a near 
major to major and major extent to exposure to hazards on construction sites.

However, 6/10 (60.0%) MSs are > 3.40 ≤ 4.20, which indicates the factors con-
tribute between some extent to a near major/near major extent – inadequate H&S 
management, inadequate H&S supervision, inadequate H&S experience, inade-
quate H&S knowledge, inadequate awareness, and inadequate H&S expertise.

The remaining 4/10 (40.0%) MSs are > 2.60 ≤ 3.40, which indicates the factors 
contribute between a near minor extent and some extent/some extent – inadequate 
health promotion, inadequate H&S culture, inadequate PPE programmes, and inad-
equate training.

Table 17.5 presents the frequency at which 24 factors are the cause of construc-
tion accidents in terms of percentage responses to a frequency range never to always, 
and MSs ranging between 1.00 and 5.00.
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It is notable that only 2/24 (8.3%) factors have MSs > 3.00, which indicates that 
in general, employee negligence and inadequate worker participation can be deemed 
to be frequently the cause of construction accidents, as opposed to infrequently.

It is notable that none of the factors’ MSs are > 4.20 ≤ 5.00 – between often and 
always/always.

8/24 (33.3%) MSs are > 2.60 ≤ 3.40, which indicates the factors are rarely to 
sometimes/sometimes the cause of construction accidents – employee negligence, 
inadequate worker participation, unsafe acts, non-compliance with H&S regula-
tions, non-compliance to SWPs, unskilled workers, poor housekeeping, and non- 
compliance to SOPs.

The remaining 16/24 (66.7%) MSs are > 1.80 ≤ 2.60, which indicates the factors 
are between never and rarely/rarely the cause of construction accidents. 5/16 
(31.3%) of the MSs are in the upper half of the range, namely >2.20 ≤ 2.60 – unsafe 
conditions, inadequate H&S training, inadequate H&S supervision, inadequate 
monitoring of construction activities relative to the H&S plan, and work factors. 
The remaining 11/16 (68.7%) MSs are in the lower half of the range, namely 
> 1.80 ≤ 2.20 – inadequate construction HIRAs, inadequate risk management, poor 

Table 17.3 Frequency at which four ergonomics problems are encountered

Problem

Response (%)

MS RankUnsure Never
Fortnightly to 
monthly

Weekly to 
Fortnightly

Daily to 
weekly Daily

Repetitive 
movements

12.5 0.0 3.1 3.1 28.1 53.1 4.50 1

Use of body force 12.1 6.1 9.1 3.0 45.5 24.2 3.83 2
Handling heavy 
material/
equipment

6.1 6.1 12.1 21.2 36.4 18.2 3.52 3

Climbing and 
descending

6.1 9.1 15.2 12.1 33.3 24.2 3.52 4

Table 17.4 Extent to which ten factors contribute to exposure to hazards on construction sites

Factor

Response (%)

MS RankUnsure
Minor.....................Major

1 2 3 4 5

Inadequate H&S management 0.0 6.5 22.6 9.7 22.6 38.7 3.65 1
Inadequate H&S supervision 0.0 9.1 18.2 9.1 27.3 36.4 3.64 2
Inadequate H&S experience 0.0 12.1 12.1 18.2 21.2 36.4 3.58 3
Inadequate H&S knowledge 0.0 15.2 6.1 24.2 15.2 39.4 3.58 3
Inadequate awareness 0.0 13.3 6.7 30.0 16.7 33.3 3.50 5
Inadequate H&S expertise 0.0 9.1 21.2 15.2 21.2 33.3 3.48 6
Inadequate health promotion 0.0 15.6 12.5 15.6 31.3 25.0 3.38 7
Inadequate H&S culture 3.3 10.0 23.3 16.7 20.0 26.7 3.31 8
Inadequate PPE programmes 0.0 21.2 9.1 24.2 15.2 30.3 3.24 9
Inadequate training 0.0 12.5 28.1 18.8 25.0 15.6 3.03 10
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working platforms, inadequate baseline risk assessment, extreme temperatures, 
inadequate H&S management, inadequate monitoring of construction activities 
relative to design HIRAs, inadequate maintenance of plant and equipment, poor site 
layout, inadequate PPE, and inadequate design HIRAs.

Respondents were requested to provide comments with respect to the meaning of 
H&S. 6.1% did not, however, 93.9% made a comment or more: 1 No. (69.7%); 2 
No. (24.2%), and 3 No. (0.0%). Selected comments are as follows:

Table 17.5 Frequency at which factors are the cause of construction accidents

Factor

Response (%)

MS RankUnsure Never Rarely Sometimes Often Always

Employee negligence 9.1 6.1 12.1 42.4 18.2 12.1 3.20 1
Inadequate worker participation 3.1 9.4 18.8 31.3 34.4 3.1 3.03 2
Unsafe acts 3.2 9.7 32.3 19.4 25.8 9.7 2.93 3
Non-compliance with H&S 
regulations

9.1 12.1 33.3 12.1 21.1 12.1 2.87 4

Non-compliance to SWPs 18.2 12.1 15.2 36.4 12.1 6.1 2.81 5
Unskilled workers 6.1 18.2 21.2 24.2 24.2 6.1 2.77 6
Poor housekeeping 6.3 12.5 28.1 34.4 9.4 9.4 2.73 7
Non-compliance to SOPs 12.5 9.4 37.5 25.0 9.4 6.3 2.61 8
Unsafe conditions 3.1 18.8 37.5 21.9 12.5 6.3 2.48 9
Inadequate H&S training 9.4 25.0 21.9 25.0 15.6 3.1 2.45 10
Inadequate H&S supervision 3.0 39.4 15.2 21.2 6.1 15.2 2.41 11
Inadequate monitoring of 
construction activities relative to 
the H&S plan

10.0 30.0 26.7 16.7 10.0 6.7 2.30 12

Work factors 16.1 32.3 9.7 32.3 6.5 3.2 2.27 13
Inadequate construction HIRAs 21.9 34.4 15.6 15.6 3.1 9.4 2.20 14
Inadequate risk management (in 
general)

12.9 38.7 19.4 12.9 6.5 9.7 2.19 15

Inadequate poor working 
platforms

15.2 36.4 15.2 18.2 12.1 3.0 2.18 16

Inadequate baseline risk 
assessment

16.1 38.7 16.1 12.9 9.7 6.5 2.15 17

Extreme temperatures 13.8 27.6 27.6 24.1 6.9 0.0 2.12 18
Inadequate H&S management 9.4 43.8 15.6 18.8 6.3 6.3 2.07 19
Inadequate monitoring of 
construction activities relative to 
design HIRAs

12.1 39.4 21.2 18.2 6.1 3.0 2.00 20

Inadequate maintenance of plant 
and equipment

3.1 46.9 21.9 15.6 6.3 6.3 2.00 20

Poor site layout 12.1 42.4 18.2 21.2 3.0 3.0 1.93 22
Inadequate PPE 3.1 59.4 9.4 15.6 6.3 6.3 1.87 23
Inadequate design HIRAs 21.9 37.5 25.0 9.4 3.1 3.1 1.84 24
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• ‘Brother’s keeper.’
• ‘Must always be healthy and safe.’
• ‘H&S is No. 1.’
• ‘Life depends on it.’
• ‘H&S of persons.’
• ‘Protective and alert.’

Thereafter, regarding their views with respect to the Construction Regulations, 
15.2% did not provide a comment; however, 84.8% made a comment or more: 1 No. 
(75.8%); 2 No. (9.1%), and 3 No. (0.0%). Selected comments are as follows:

• ‘Employer/employees benefit.’
• ‘Minimise/control injuries.’
• ‘Proactive. Reduce problems. Contractors good base to work from.’
• ‘Clearer, they are in place.’
• ‘Important.’

Finally, for comments in general with respect to H&S, 42.4% did not provide a 
comment; however, 57.6% made a comment or more: 1 No. (45.5%); 2 No. (9.1%), 
and 3 No. (3.0%). Selected comments are as follows:

• ‘Lost time injury = affects production.’
• ‘Work smartly.’
• ‘Appointed supervisors have inadequate H&S knowledge.’
• ‘Challenging to follow.’

17.4  Discussion

The findings relative to the frequency at which H&S actions are undertaken by pri-
marily clients and designers on projects are corroborated to a degree by previous 
South African research (CIDB, 2009). Furthermore, the findings are courtesy of a 
different stakeholder group in the form of contractors’ SMs, which underscore their 
reliability.

The findings relative to the frequency at which ergonomics problems are encoun-
tered corroborates with prior South African research findings (Smallwood, 1997, 
2002; Smallwood et al., 2000). Furthermore, these findings indicate that ergonom-
ics problems persist, underscoring the physically demanding nature of 
construction.

The findings in terms of the extent to which factors contribute to exposure to 
hazards and the extent to which factors are the causes of accidents on construction 
sites corroborates with the findings of Haslam et al. (2005). These findings highlight 
the need for a multi-stakeholder approach to H&S on public sector projects, to 
ensure an enabling project environment exists, which promotes optimum atten-
tion to H&S.
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Limited research has been conducted relative to H&S practices on public sector 
projects in South Africa, and therefore the findings have contributed to the related 
body of knowledge. Further such research will enable the collective findings to be 
interrogated in the future.

The qualitative findings in the form of comments with respect to the meaning of 
H&S, the Construction Regulations, and H&S in general are notable, as they indi-
cate an understanding and appreciation of the reality of H&S endeavours, namely 
that they are concerned with the health and wellbeing of people, the preservation of 
people’s lives, and overall performance, as opposed to compliance. Such a culture 
constitutes an opportunity to consolidate thereon, by addressing shortcomings and 
intensifying and developing further H&S interventions.

17.5  Conclusions

Given the frequency at which 16 H&S actions are undertaken on ECDRPW’s proj-
ects, it can be concluded that clients and designers are, to a degree, complying with 
the requirements of the Construction Regulations and contributing to project H&S 
endeavours, and a multi-stakeholder approach relative to H&S is realised on 
ECDRPW’s projects.

Given the frequency of H&S training on projects, it can be concluded that train-
ing is undertaken frequently as opposed to infrequently on ECDRPW’s projects and 
that contractors are to a degree complying with the requirements of the Construction 
Regulations.

Given the frequency at which four ergonomics problems are encountered, it can 
be concluded that construction is physically demanding and daily activities entail 
exposure to ergonomics hazards.

Given the extent to which ten factors contribute to exposure to hazards on con-
struction sites, it can be concluded that hazards are primarily attributable to contrac-
tors and a range of contractor-related inadequacies contribute thereto.

Given the frequency at which 24 factors are the cause of construction accidents, 
it can be concluded that contractors are primarily the origin of the causes and that 
the management of contractors has a predominating role to play, especially in terms 
of H&S training and worker participation in H&S.

Given the respondents’ comments, it can be concluded that they have a positive 
disposition with respect to H&S-related regulations, and an understanding and 
appreciation of the intentions thereof, and the issues with respect to construc-
tion H&S.

Given that seven schools in a district administered by the ECDRPW and that 
only 33 respondents contributed to the study, it can be concluded that the findings 
are indicative, as opposed to representative. However, given the ‘research gap’ in 
terms of an assessment of H&S-related experiences and practices on public sector 
projects and, specifically, ECDRPW’s projects, the findings provide an indication of 
aspects that require attention.
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17.6  Recommendations

H&S awareness should be maintained at industry, industry sector, organisation, and 
project level among all stakeholders.

Given the frequency of ergonomics problems, the construction process and its 
activities need to be re-engineered. However, designers have a key role to play to 
facilitate such re-engineering in terms of design, details, and specifications.

Given the frequency at which employee-related factors are the cause of construc-
tion accidents, worker H&S training must be intensified, worker participation must 
be promoted, and constant H&S feedback must be provided.

Furthermore, the ECDRPW should ensure that H&S is a value on all projects, 
which implies that it is addressed from stage 1, included in the project charter, 
addressed throughout the other five stages, and addressed during all project-related 
meetings. The management of all stakeholders should be committed to H&S, be 
involved therein, and support H&S endeavours.

Planning by all stakeholders in general is important to ensure that H&S is inte-
grated into the design, procurement, and construction processes.
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Chapter 18
Understanding the Concept of Resilience 
in Construction Safety Management 
Systems

Isaac Aidoo, Frank Fugar, Emmanuel Adinyira, and Nana Benyi Ansah

18.1  Introduction

Health and safety (H&S) is an important consideration in all organisations, and it is 
of outmost importance in the construction industry because the industry is ranked 
among the topmost contributors to occupational accidents. Although a lot of success 
has been chocked in health and safety performance in other fields, the construction 
industry continues to lag. H&S management in the construction industry is rela-
tively more complicated because of the industry’s uniqueness in relation to its com-
plex environmental, organisational, and technical characteristics (Bosch Rekveldt 
et al., 2011). Traditional approaches to finding solutions to these problems tend to 
be institutionalised through policies, plans, procedures, and processes for H&S 
management. These approaches are not easily adaptable to the natural and inevita-
ble changes in the work that is conducted and the H&S risks that are encountered 
(Wachter & Yorio, 2014). Traditional H&S management does not always improve 
the results of H&S because they are centred exclusively on the technical require-
ments and on obtaining short-term results (Weinstein, 1996). Organisations only act 
when accidents or injuries happen. Traditional H&S management programmes are 
isolated and many times not integrated with the rest of the functions of an organisa-
tion. There are no predictive or anticipatory capabilities where organisations can 
anticipate future states of the system and foresee the effects of corrective actions 
(Kontogiannis et al., 2016). It is against this background that Pęciłło (2016) sug-
gests a resilience engineering approach as a prospective solution to the gaps of the 
traditional H&S management and H&S culture approaches. Resilience H&S man-
agement responds to the changing and unforeseen H&S-related issues associated 
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with the increasingly complex nature of sociotechnical systems. Hollnagel et  al. 
(2013) also support the view that resilience engineering which is a multifaceted, 
theoretical approach to designing and managing complex, dynamic-adaptive socio-
technical organisations is an appropriate option to the traditional methods of safety 
management.

This study aims to bring to the fore the understanding of the concept of resilience 
in construction health and safety management systems (H&SMS) in the construc-
tion industry. It sought to show the various concepts of resilience through defini-
tions in the various field of studies and to particularly explore the position of 
literature on the concept of resilient H&SMS. This study therefore collated a wide 
range of studies on the concept of resilience in various fields of studies to achieve 
the aim of the study. Publications from 2009 to 2019 relevant to this study were 
reviewed to support existing literature.

18.2  Background of Resilience

The term “resilience” has been used in different fields of studies over the past 
decades. In the field of engineering, it was applied to illustrate the property of tim-
ber to clarify why some types of woods are able to withstand abrupt and intense 
pressure without breaking. This was termed modulus of resilience for measuring the 
ability of material to endure severe conditions (Hollnagel, 2014). Holling (1973), in 
the study of ecology, referred to the resilience of an ecosystem as its ability to 
undergo changes and still survive. He further juxtaposed resilience with stability, 
defined as the ability of a system to return to its equilibrium state after a temporary 
disturbance, but further claimed that resilience and stability were two important 
properties of ecological systems. Alexander (2013) suggests that the resilience con-
cept was first applied by Rankine who used it to illustrate the mechanical strength 
and deformation of steel beams. However, most scholars attribute the first adoption 
of resilience to Holling (1973, 1996) who examined the stability of ecological sys-
tems to establish characteristics of rebounding by absorbing stresses (Folke, 2006). 
Resilience has assumed an important dimension and now dominates thinking of 
almost every field of studies that has to be undertaken by humankind. The concept 
is now talked about at almost every international discussions and is a major key 
concept in international, national, and local policy and development dialogues.

18.3  Resilience from Different Perspectives

The resilience concept has varied origins. Resilience is an emerging concept being 
used in several disciplines to manage safety (Thoren, 2014). The concept was first 
used by scientist in the field of engineering, ecology, and natural and physical sci-
ences; however it has soon been taken over by social scientists. The concept of 
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resilience is adopted in research from different fields such as mechanics, psychol-
ogy, social sciences, aviation, medicine, ecology, urban, education, information sys-
tem, transportation, organised crime, leadership, and economics (VanBreda, 2011; 
Hollnagel, 2013; Parker, 2020). Bhamra et al. (2011) reveal the fact that the concept 
of resilience is multidisciplinary and multifaceted. The notion of resilience is firmly 
based on ecology, and the definitions used in various studies have charted the sug-
gestions of Holling (1973), whose studies were focused on stability of the ecosys-
tem. The concept of resilience has been studied at the organisational phase. The 
resilience concept was used originally in organisations to identify the need to 
respond to variations in the business environment (McAslan, 2010). In the organisa-
tional field, resilience is analysed based on different perspectives, for example using 
an individual, sectorial, organisational, social, as well as a supply chain focus 
(Lengnick-Hall et al. 2011). Ruiz-Martin et al. (2018) suggest that there are three 
main lines in the conceptualisation of organisational resilience thus (1) resilience as 
a feature of an organisation (i.e. something that an organisation has), (2) resilience 
as an outcome of the organisation’s activities (i.e. something that an organisation 
does); and (3) resilience as a measure of the disturbances that an organisation can 
tolerate. Chewning et al. (2012) and Alvarenga et al. (2017) investigated resilience 
in the context of information systems. In economics, Caldera Sánchez et al. (2016) 
referred to it as adoption of proactive measures to avoid crises and identify relevant 
early-warning indicators. Social sciences have adopted the concept of resilience and 
has moved from the individual to the societal level (Godschalk, 2003). Resilience is 
a common concept in the context of disaster risk reduction and is obviously more 
important to be debated in the field of adaptation. The concept of resilience has been 
embraced in the policies of numerous administrations, including those of the USA 
and Canada; United Nations; European Commission; etc. (Pecillo, 2016). A recent 
study (Gowan et al., 2014) suggests that a resilient community is well-placed to 
manage hazards, to reduce their effects, and/or to recover quickly from any negative 
impacts, resulting in a similar or improved state as compared to before the hazard 
happened.

18.4  The Concept of Resilience in Safety Management

Suddaby (2010) posits that for any construct to have a clear concept, four elements 
are key. It must have a good definition, scope conditions or contextual circum-
stances, semantic relations with other concepts, and lastly coherence and logical 
consistency. ‘Concept’, when it’s used as a noun, refers to a thought or a notion, 
conceived in the mind. When used as an adjective, it refers to the organisation of an 
idea around a central theme or idea.

Conceptually, resilience H&S management is hinged on the fundamental theme 
of resilience engineering (RE) as delineated by the RE scholarly community and its 
quest to better realise and manage disruptions that may contribute to incidence and 
accidents in systems and organisations. Conceptually, the authors interpret these 
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thoughts in the context of H&SMS in construction industry based on the literature 
and other authors in the construction industry. It provides a platform upon which 
future research works on resilient H&SMS in the construction industry could be 
developed.

18.4.1  Concept Building Towards Resilience in Safety 
Management Systems

The focus on technical requirements in the practice of safety management occasion-
ally improves H&S performance with a short-term result. Often times, organisations 
only react when accidents or fatalities happened making the system a reactive one. 
The adduced positions make traditional H&S management programs isolated and 
disintegrated with the core functions of the organisations. Going forward there seem 
to be no predictive or anticipatory capabilities where organisations try to anticipate 
(proactive) future states of the system and foresee the effects of corrective actions 
(Kontogiannis et al., 2016).

The concept of resilience shows a new way of dealing with H&S and accidents 
in complex sociotechnical systems (Akselsson et  al., 2009; Shirali et  al., 2016). 
Drawing from the work of Dekker et al. (2008) and Hollnagel (2011a), the concept 
of resilience H&S management is better understood. In their work, they state that 
for a system to achieve resilience, it must have four capabilities for its functional-
ities and operations, i.e. ability to respond, ability to monitor, ability to learn, and 
ability to anticipate. This is also supported by Pecillo (2016) and Shirali et al. (2015) 
all cited by Trinh et al. (2018), stating that the basic concept underpinning resilience 
engineering is that in a domain where there are scarce resources, complex systems, 
and several conflicting goals, an organisation or a system must frequently manage 
its safety issues and build a H&S system through a resilient process that can antici-
pate (knowing what to expect), monitor (knowing what to look for), respond (know-
ing what to do), and learn (knowing what can happen). The theory of resilience 
engineering augments the concept of H&S management by offering the four resil-
ience processes for managing H&S in a system or organisation.

18.5  Research Methodology

One important knowledge resource area and a significant way to developing new 
areas of research is publishing in scientific journals (Al-Sharif & Kaka, 2004). A 
systematic review of related literature on the concept of resilience in H&S manage-
ment systems published from 2009 to 2020 was conducted adopting an approach 
used by previous researchers (Torraco, 2005; Whittemore, 2005; York, 2008; Pillay, 
2017). The study was conducted using Google Scholar, Semantic Scholar, and 
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Microsoft Academic utilising resilience concept, resilience safety, and H&S man-
agement as keywords. The Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) flow chart for search and selection of articles with guide-
lines adopted from Liberati et  al. (2009) was used. This is made up of four key 
stages, thus identification of the relevant literature, records screened at abstract 
stage, full-text reading to check for eligibility and inclusion, and excluding criteria 
as illustrated in Fig. 18.1. A total of 343 papers from 2009 to 2020 were loaded onto 
Mendeley. Duplicates were eliminated by employing Mendeley “Check for dupli-
cates” feature, and titles and abstract were also screened for required content bring-
ing the number of articles down to 307. To qualify for inclusion, articles must be 
published in the English language, peer-reviewed, and comprised of some of the 
following: area of field, concept, definitions, and classification. Two hundred 
records were excluded due to their irrelevance to the main topic. Eighty-three arti-
cles were excluded with reason that despite having the keyword ‘resilience’, they 
were not related to the topic, leaving 24 papers systematically reviewed for 

Records identified through
database searching

(n = 290)

Additional records identified
through other sources

(n = 53)

Records after duplicates removed
(n = 307)

Records screened and
accepted at abstract

(n = 307)

Full-text articles assessed
for eligibility

(n = 107)

Studies included in review
(n = 24)

Full-text articles excluded,
with reasons

(n = 83)

Records excluded due to
irrelevant to main topic

(n = 200 )

Fig. 18.1 PRISMA flow diagram for paper search and selection adapted from (Pillay, 2017; 
Liberati et al., 2009)
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eligibility and inclusion. Much as this does not cover all articles on resilience engi-
neering, they provide an illustrative view of what has been published on the topic.

18.6  Results and Discussions

This section examines the definitions and area of dimensions used to explain the 
concept of resilience. Being a novel in the area of H&S, it can be said that is a com-
munal understanding of resilience. A close examination of the literature reviewed 
suggests different ways researchers have understood resilience with many using the 
terms interchangeably as can be seen in Table 18.1.

18.6.1  Concept of Resilience

Throughout the review, resilience was generally seen as the ability of a system to 
continue to perform and meet its objectives in the face of challenges. There is a 
general agreement around the concept that resilience is achieved by an amalgama-
tion of absorbing the challenges encountered and mutating by adapting and chang-
ing to continue to succeed in the face of challenges. This is collaborated by several 
authors of the concept of resilience (Hollnagel, 2009; Shirali et al. 2012, b; Pillay 
et al., 2010; Blay, 2017). The resilience concept was generally described by adap-
tive capacity, flexibility, coping ability, persistence, adaptability abortive capability, 
and recovery capability.

In the area of resilience engineering, countless efforts in research are aimed at 
connecting resilience to some describable features. One of the most dispersed meth-
ods led to disintegrating resilience into four capabilities, recognising that a resilient 
system needs to be suitably balanced among them (Hollnagel, 2011a). A resilient 
system must be able to respond to any type of happenings, to monitor ongoing 
developments, to anticipate future threats and opportunities, and to learn from past 
event’s failures and successes. The validity of these four capabilities has been exten-
sively accepted for representing successfully how systems and people feel comfort-
able with unexpected and unforeseen events in everyday work (Rankin et al. 2014, 
b) and to encourage proactive strategies for managing daily operations and func-
tions (Praetorius & Hollnagel, 2014). The same capabilities have been used to define 
a devoted framework, which ruminates legal, institutional, organisational, and pro-
curement aspects of societal resilience (Becker et al., 2014). Thus, these capabilities 
are further looked at below:
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Table 18.1 Resilience concept definitions and dimension (author’s construct)

Research area Reference Definitions of resilience Emphasis/dimension

1 Resilience 
engineering

Shirali et al. 
(2012a, b)

‘a paradigm for safety 
management that 
concentrates on how to help 
people to create foresight, 
and to anticipate the 
different forms of risk in 
order to cope with 
complexities under pressure 
and move towards success’

Conducted a survey of RE 
using safety culture and 
management factor

2 Resilience 
engineering

Costella 
et al. (2009)

‘a paradigm of safety 
management that focuses on 
how to help people cope 
with complexity under 
pressure to achieve success’

Proposed a new method for 
assessing safety 
management systems from 
RE perspective and 
conducted a RE audit at a 
Brazilian manufacturing 
company

3 Resilience 
engineering

Pillay et al. 
(2010)

‘Developing an 
organisation’s behavioural 
and cognitive capability such 
that it is able to effectively 
adjust and continue 
performing optimally near 
its safe operating envelop in 
the presence of everyday 
threats and environmental 
stressors at all levels of the 
organisation’

Proposed a six-factor 
questionnaire based on 
managerial resilience and 
LIOH which could be used 
for assessing RE in gold 
mining; introduced realty 
gradient of safety (RGS) as 
a quantitative measure of 
RE

4 Resilience 
engineering

Han et al. 
(2010)

‘a proactive management 
approach that allows future 
risk to be anticipated and the 
safety level in an 
organisation to be 
maintained, based on 
perceptions of current and 
changing safety levels and 
recognition of acceptable 
limits’

Investigated how 
organisations perceived 
change in safety culture and 
restored it to an acceptable 
state using a RE perspective, 
proposed a model of safety 
management based on 
interactions between 
workers, managers, and 
organisation in construction

5 Resilience 
engineering

Shirali et al. 
(2012a, b)

‘Inherent capacity of a plant 
to cope with complex and 
unexpected events’

Assessed the challenges of 
developing RE and adaptive 
capacity in a chemical 
process plant

6 Resilience 
engineering

Madni and 
Jackson 
(2009)

The ability to anticipate, 
adapt, and recover from 
disruptions

Adaptation, anticipate

(continued)
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Table 18.1 (continued)

Research area Reference Definitions of resilience Emphasis/dimension

7 Resilience 
engineering

Woods 
(2015)

Resilience refers to the 
ability manage/regulate 
adaptive
Capacities of systems that 
are layered networks, and 
are also a part of larger 
layered networks, so as to 
produce sustained 
adaptability over longer 
scales

Assesses resilience and how 
to engineer it in complex 
adaptive systems—
Rebound, robustness, 
brittleness, adoptability

8 Organisational Akgün and 
Keskin 
(2014)

The ability of firms to 
develop specific responses to 
disruptions and engage in 
transformative activities

9 Organisational 
resilience

Stephenson 
et al. (2010)

‘The ability of an 
organisation to survive, and 
potentially thrive in an 
environment of change and 
uncertainty’

10 Organisational 
resilience

Haimes 
(2009)

‘The ability of a system to 
withstand a major disruption 
within an acceptable 
degradation parameters and 
to recover within an 
acceptable time and 
composite costs and risks’

11 Organisational 
resilience

Hollnagel 
(2009)

‘(a resilient system) is able 
effectively to adjust it 
functioning prior to, during, 
or following changes and 
disturbances, so that it can 
continue to perform as 
required after a disruption or 
a major mishap, and in the 
presence of continuous 
stresses’

Response, monitor, 
anticipate, and learn

12 Social- 
ecological 
resilience

Carpenter 
et al. (2001)

(1) Amount of disturbance a 
system can absorb resilience 
and remain within a domain 
of attraction; (2) capacity for 
learning and adaptation (3) 
degree to which the system 
is capable of self-organising

Adaptive capacity, learning, 
innovation

(continued)
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Table 18.1 (continued)

Research area Reference Definitions of resilience Emphasis/dimension

13 Development 
resilience

Pasteur 
(2011); 
Barrett and 
Constas 
(2014)

Capacity of a person, 
household, or other 
aggregate unit to avoid 
poverty in the face of various 
stressors and in the wake of 
myriad shocks over time

Vulnerability, robustness

14 Socioeconomic 
resilience

Mancini 
et al. (2012)

Socioeconomic resilience 
refers to the policy-induced 
ability of an economy to 
recover from or adjust to the 
negative impacts of adverse 
exogenous shocks and to 
benefit from positive shocks

Economic response capacity

15 Ecological 
resilience

Measure of the amount of 
change needed to change an 
ecosystem from one set of 
processes and structures to a 
different set of processes and 
structures

Ecology

16 Supply chain Ponomarov 
and 
Holcomb 
(2009)

The ability of the supply 
chain to prepare for 
unexpected events and adapt 
to and recover from 
disruptions

17 Supply chain Carvalho 
et al. (2012)

The ability of a system 
either to return to its original 
state or to shift to a superior 
state desirable following 
disturbance

18 Project 
management

Geambasu 
(2011)

The ability to restore 
capacity and continuously 
adapt to changes and to 
achieve its objectives in the 
face of disruptive events

19 Project 
management

Schroeder 
and Hatton 
(2012)

The capacity to evolve in 
response to risks emerging 
after the project planning 
stage

Risk management. The 
article describes the nature 
of resilience and outlines a 
number of practical 
strategies to build resilience 
into projects to respond to 
risk more effectively

20 Project 
management

Hillson 
(2014)

The capacity to maintain 
purpose and integrity under 
external or internal shocks

Explores the other types of 
risk that are usually missed 
from the typical risk process

21 Project 
management

Turner and 
Kutsch 
(2015)

The art of noticing, 
interpreting, containing, 
preparing for, and recovering 
from disruption

(continued)
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18.6.2  Ability to Respond Response: Dealing with the Actual

Responding to external and internal disorders or, more in general, to any feedback 
or indicator is a crucial need for every organisation. A system must be able to dif-
ferentiate between what is urgent and what is important and provide effective and 
on-time responses to maintain productivity and ensure safety. This differentiation is 
necessary to ensure that the real-time competencies that are required to manage 
unimagined or extreme events at the sharp end are not eroded in the continuous 
attempt to predetermine corresponding responses to all the possible events 
(Hollnagel, 2011b, c). Responding is linked to sharp-end decision-making. Defining 
the cognitive threshold over which additional resources are required is generally a 
difficult task (Cuvelier & Falzon, 2011). Various examples of prompt responding to 
system disruption can be discovered in the healthcare literature, particularly in the 
emergency departments, which call for strong responding capabilities due to the 
inevitable variability of daily practices (Wears et  al., 2006; Nemeth et  al., 2008; 
Wachs et al., 2016). In summary, the analysis of this capability should aim at pro-
viding material for understanding what capacities are required to properly respond 
to everyday situations.

18.6.3  Ability to Monitor: Dealing with the Critical

Hollnagel (2015) opines that ability to monitor is about knowing what to look for, 
i.e. how to monitor that which is or can become a threat in the near term. The moni-
toring must cover both that which happens in the environment and that which hap-
pens in the system itself, i.e. its performance. This is the ability to address the 
critical. The ability to respond is connected to the capability of understanding actual 

Table 18.1 (continued)

Research area Reference Definitions of resilience Emphasis/dimension

22 Project 
management

Giezen et al. 
(2015)

The capacity to overcome 
unexpected events

The concept of strategic 
capacity for analysing the 
decision-making process on 
mega project. It consists of 
three elements: Strategic 
ambiguity, redundancy, and 
resilience

23 Project 
management

Zhu (2016) The ability to cope with 
uncertainty

24 Project 
management

Blay (2017) The capability to respond to, 
prepare for, and reduce the 
impact of disruptions caused 
by changes in the project 
environment

Identifies challenges in 
applying the concept of 
organisational resilience to 
project organisations
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threats timely and precisely. An effective response is thus linked to an effective 
system’s status monitoring and its operational environment, i.e. acquiring signals 
related to both positive and negative situations (Valdez Banda et al., 2015; Di Gravio 
et al., 2015a, b; Wreathall, 2011). Consequently, the ability to monitor should aim 
at defining relevant indicators to gain an understanding of present-day working 
conditions.

18.6.4  Ability to Anticipate: Dealing with the Potential

Traditionally, the ability to anticipate is associated with conjecturing future happen-
ings based on historic data (Hollnagel, 2014). Granted that these signs offer an 
overall understanding of H&S levels, they may fail. The difference between antici-
pating and monitoring is generally the different time scale of observations and the 
related point of view. The ability to anticipate normally extends the focus of moni-
toring’s leading indicators to cope with long-term changes, threats, opportunities, 
and environmental potential status. Monitoring and anticipating at different organ-
isational levels might become complementary. For sharp-end operators, coping with 
near-term issues is an operational everyday activity (monitoring); at the blunt end, 
more attention is paid generally to strategic decision-making, relying on a long-term 
analysis (anticipating). The distinction is not a dichotomy because strategic deci-
sions affect and are affected by operational behaviours and vice versa (Tjørhom & 
Aase, 2011). Typical anticipating features are related to understand if, and how, 
future events like threats and opportunities are modeled (e.g. qualitatively, quantita-
tively, etc.), understanding which efforts in terms of expertise and funding are 
employed for this purpose (Wilson et al., 2009). The analysis of the ability to antici-
pate should look at detecting upcoming threats and opportunities timely and effi-
ciently and increase system’s preparedness.

18.6.5  Ability to Learn: Dealing with the Facts

The traditional H&S management systems lay emphasis only on learning on adverse 
events, i.e. accidents, incidents, and near misses. A resilient system must be able to 
learn from previous happenings. It is essential to understand what has occurred and 
be able to learn the right lessons from it. The ability to learn addresses the factual 
(Hollnagel, 2011b, c). Denning (2006) and Lundberg et al. (2014) express the same 
view that learning is, and must be, and forms the basis for any viable system. It is 
also fundamental to resilience. Any system or organisation that refuses to learn from 
its past events either positively or negatively will end up spending too many 
resources, any time it faces a similar problem. Most importantly, learning helps the 
organisation to improve its response to an issue. By gathering and reflecting upon 
the incidents, crises, and accidents, the system may improve its barriers and 
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processes for coping with an effect and re- adjust its structures to better endure 
known trepidations. From a resilience perspective, learning is perfectly a constant 
function; however, in many real situations, learning arises because of major disor-
ders, i.e. ad hoc. Learning can, therefore, be based on feedback as well as feed-for-
ward (Lundberg et  al., 2014). Thus, in effect, learning should lead to selecting 
worthy indicators and give means to anticipate potential future threats and 
opportunities.

The review suggests that resilience covers a wide range of concepts, ranging 
from abstract to existing facets, with each reflecting different solutions in terms of 
being reactive, proactive, and adaptive, not only to prevent negative outcomes but 
also to support and strengthen outcomes of processes and systems. According to 
Manyena (2006), cited by Pillay (2017), a major challenge confronting researchers 
is the variances in definition of resilience (Hollnagel, 2009; Pillay, 2017). Pillay 
(2017) further states that resilience in itself is context specific and that some organ-
isations may display different levels of resilience in their H&SMS.

18.7  Conclusion

This study aimed at understanding the concept of resilience in construction H&S 
management systems in the construction industry through a systematic literature 
review of previous works and studies. Traditional H&S management does not 
always improve the results of safety because they are centred exclusively on the 
technical requirements and on obtaining short-term results. Organisations only act 
when accidents or injuries happen. Resilience is generally seen as the ability of a 
system to continue to perform and meet its objectives in the face of challenges. 
There is a general agreement around the concept that resilience is achieved by an 
amalgamation of absorbing the challenges encountered and mutating by adapting 
and changing so as to continue to succeed in the face of challenges. It emerged from 
the review that there are four capabilities that underpin the concept of resilience in 
H&SMS, i.e. ability to respond, ability to monitor, ability to learn, and ability to 
anticipate. That the development of a comprehensive framework of resilience in 
H&SMS hinged on these capabilities is worth considering implementing if con-
struction H&S management maturity is a goal. Further findings revealed in this 
study have provided a solid foundation for further studies and analysis on resilience 
H&SMS and other safety-related concept in the construction industry. Construction 
organisations would be informed of the need to critically review H&S systems to 
make resilience an important part of their operational processes.
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Chapter 19
Optimisation of the Process 
for Generation, Delivery and Impact 
Assessment of Toolbox Talks 
on a Construction Site with Multiple 
Cultures

Máire Feely, James G. Bradley, and John Spillane

19.1  Introduction

Toolbox talks (TBT) are a traditional and potentially impactful form of safety com-
munication in construction. TBT materials are in demand and provided by notable 
construction-oriented organisations (CPWR, 2019). Adult learners have a unique 
way of learning, many in the industry being kinaesthetic learners. Current approaches 
emphasize teaching, rather than learning strategies, and appear to contradict recent 
competency-based developments in education science (Laberge et  al., 2014). If 
operatives are not taught with the consideration of the different learning styles, 
learning by doing in this case (Garavan et al., 2012), then are they getting the opti-
mum outcome from a TBT? Are they gaining enough knowledge from these TBTs 
to combat concerning risks?

The researcher while on a construction site observed the different methods of 
composition and delivery of a TBT, delivered by both internal staff and external 
consultants, and the likelihood of the impact it had on the workers. Evidence does 
indicate that TBTs are perceived to be important and may be a component of effec-
tive safety programs in construction (Olson et al., 2016). It was also observed that a 
focus on site safety compliance often results in the completion of TBTs as a neces-
sary evil or tick-box exercise so they are frequently delivered to show compliance, 
but little attention is given to ways in which the TBT should be executed for maxi-
mum impact.

The researcher observations on site showed that if TBTs are not interpreted or 
absorbed properly, then safety risks can emerge. Issues observed included 
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miscommunication of the TBT message and misunderstanding of the message. 
These occurred due to a combination of factors such as lack of information pro-
vided, language and learning barriers, poor generation of TBTs and authority of 
personnel delivering the TBTs.

Literature shows that while TBTs are valuable, there are opportunities for 
improving the frequency and quality of them. Literature explains the different learn-
ing processes, both pedagogy and andragogy, which should be considered when 
tackling the process of a TBT (Ellis & Loewen, 2007). Site safety, cleanliness and 
attitudes of workers could have huge negative implications as a result of substan-
dard delivery of safety messages. By not focusing on the best way to teach safety 
that caters for operator learner types, efficacy is already lost. If the capability of a 
TBT is limited by this, workers will unplug themselves from being alert to the risks 
addressed in the safety bulletin and put the excuse down to language or learning 
barriers. This has the potential to skew a worker’s perception of a TBT and leads 
them to view it simply as a ‘tick-box’ exercise with no thought given to the signifi-
cance it could have on their safety.

The literature also shows that the inclusion of safety anecdotes about close calls, 
injuries or fatalities is currently a rare occurrence but has the potential to have huge 
impacts on workers as they can relate to it (Varley & Boldt, 2002; Kaskutas et al., 
2016). Views from the literature have contributed to this research on determining 
how to optimise the generation, delivery and ease of implementation of a TBT and 
what methods could be introduced to gain this optimisation. The use of anecdotes, 
large text, pictures and bullet points and the manner and authority of delivery along 
with including demonstrations when designing and transmitting a TBT will be 
examined when producing a favourable outcome. The suggested solutions also 
focus on learning styles of workers, the delivery formats and impact assessment and 
tweak these to form a process for optimum impact.

19.2  Literature Review

19.2.1  Employers’ Onus

The management of health and safety at work regulations states that employers 
must make adequate information and training available for their employees. This 
regulation is very broad and does not give in-depth details to support management 
in enforcing this within their company. TBTs have the potential to have a positive, 
lasting impact on a worker’s safety. Kaskutas et al. (2016) agree that these talks 
improve communication, empower workers, reduce injuries and improve safety. 
Many articles are indicated for further study to be done in assessing the impact of a 
TBT, but no research papers were found on this, which posed the question of how 
one would go about this. Bahn and Barratt-Pugh (2012) stated the evaluation of 
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training will provide organisations with informative evidence to develop the most 
appropriate mechanism for their specific context.

Toolbox talks should be viewed as opportunities for managers to have a conver-
sation with their employees about risks on their site with special mention of past 
experiences as well as any current near misses or incidents that have occurred 
recently. Eggerth et al. (2018) agreed with this, stating the relevance of the TBT can 
be increased by contextualising it in terms that the workers can identify with. 
However, this only deals with the delivery and not necessarily the impact on work-
ers when conducting these talks. When defining a TBT, the American Society of 
Safety Professionals (ASSP.Org, 2018) defines it as a 10–15-min instructional ses-
sion on hazards and steps to take to prevent these from occurring. Similarly, 
Kaskutas et al. (2016) say TBTs are informal work-site training sessions, designed 
to improve safety and prevent work-related incidents that require minimal effort and 
resources to deliver. The Health and Safety Authority (HSA) in Ireland (2020) sim-
ply defines it as a short safety talk. No definition was presented with regard to detail-
ing what a TBT should include, how to deliver, what impact TBTs should have on 
workers and how the impact could be monitored.

With the fact that TBTs are delivered to adults, then the way adults learn needs 
to be considered. Ellis and Loewen (2007) define a learning style as the characteris-
tic way in which people orientate to solving problems. There are three main types 
of learners: visual, learning through visual presentation; auditory, through an audi-
tory manner; and kinaesthetic, learning by being ‘“hands on’. Construction employ-
ees’ work is primarily hands on, falling into the kinaesthetic category of learners. 
Little is said in the literature linking effectiveness, in other words the impact of a 
TBT, with the teaching styles tailored for kinaesthetic labourers. A lecture approach 
to a TBT seems to be time effective and effortless for employers and most popular 
format for getting safety messages complete. However, Burke et al. (2006) declared 
that these lecture-type safety talks are one of the least engaging methods of safety 
training.

The way adults learn is often overlooked in the construction industry. To learn is 
viewed by Garavan et al. (2012) as to gain knowledge or skill in a particular area. 
They look at the learning approaches, pedagogy and andragogy. The pedagogy 
learning process lies with the teacher, where the learner is inert. Examples of this 
approach include lectures, assigned reading and exams, whereas the andragogy pro-
cess builds on the learner’s experiences, group discussions, problem-solving activi-
ties and self-directed learning. Holmes and Abington-Cooper (2000) state that the 
mission of educators is to assist adults in developing their full potential and note that 
andragogy is the teaching method that is used to achieve this. Building from this, 
and the fact that construction workers are adult learners, an androgogy approach 
should be used where TBT delivery methods involve more participative methods 
using stories of past near misses and experiences of the learners, group discussions 
and learning from each other - all of which are absent from a pedagogy-based lec-
ture format.

Learners learn from what they actively do (Garavan et al., 2012) especially if 
they can relate to it. In addition, life requires us to do, more that it requires us to 
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know, in order to function as stated by Holt (2001), and this directly correlates to a 
construction site. The power of knowledge is fine, but in reality, if there is no practi-
cal competency, then construction projects would never succeed. If a worker’s day 
typically involves all practical activities, then why should a TBT be anything other 
than another practical activity?

Jannadi (1996) instructed that in order to reduce injuries on site, top management 
must be accountable and committed to safety policies. When reviewing the litera-
ture, most agreed and stated that the authority of the person delivering any safety 
talk was paramount to it having an optimum effect on workers. Jeschke et al. (2017) 
challenged this and stated that construction site supervisors are more likely to have 
a significant impact on safety, compared to top managers and safety managers. This 
suggests that experienced foremen in their given field should be giving these TBTs 
to workers of the same trade as them. Traits of a trainer should include credibility, 
perspective and the ability to connect. Boendermaker et  al. (2003) identified 37 
characteristics for a trainer, the most important including competency, being critical 
of the learning process, good at communicating and having respect for the trainee. 
While authority is important, knowledge and experience are what will grab a work-
er’s attention which could require a different person each time depending on the 
TBT topic. A TBT shouldn’t be viewed as a lecture but more as a discussion that 
requires the participants’ attention and involvement if the transfer of knowledge is 
to succeed.

Burke et al. (2006) note that health and safety training is globally recognised as 
a means of reducing the costs associated with injuries and illnesses. Costs can be 
seen in many forms, time, capital and quality being the main three. Herbert 
W. Heinrich’s law (Heinrich, 1941) states for every accident causing major injury in 
the workplace, there are 29 accidents that cause minor injury and 300 accidents 
causing no injury. A construction company should be looking in-depth at reducing 
the near misses and minor injuries, which will in turn aid in the reduction of major 
accidents. Costs must be controlled and managed on any building site, but what the 
literature fails to look at is the time and cost expense of running TBTs for a con-
struction company. Mustard and Orchard’s (Iwh.on.ca, 2020) research states that 
5% of the total cost of a project’s budget goes into health and safety. Take the exam-
ple of a London site, where salaries averaged £18 per hour and TBTs lasted 20 min. 
The HSA (2020) recommends having five to ten people present; however on bigger 
sites, this number can be significantly higher. If TBTs are delivered 5 days a week, 
it will cost a company £300 per week, £15,000 a year to deliver TBTs. This figure 
however does not account for preparation, facilities or resources. The total cost of 
workplace self-reported injuries and ill health in 2016/2017 in the UK was £15 bil-
lion. (HSA.ie, 2020). By increasing capital put into prevention, through using TBTs 
as a means of communicating health and safety issues to the workforce on site, then 
this may lead to a reduction in negative, costly accidents on site.
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19.3  Research Method

To gain information on how to optimise the structure and delivery of a TBT, qualita-
tive action research has been undertaken. Themes from the literature reviewed 
formed the baseline for interviewing construction managers and workers. The valu-
able information gathered from their experience contributed to gaining further 
knowledge into the types of learners they were and their perspectives on current 
TBT design and delivery. A focus on adult learning types was fundamental to this 
methodology. A new design of TBT was part of this study and was critiqued through 
asking participants for their impressions on possible barriers to implementation, the 
advantages, disadvantages and suggested improvements. The general operators 
were then able to give their first-hand experience of their views on a TBT and the 
effects it had on them.

Two TBTs were carried out back to back on a London construction site. The first 
one (TBT-A) simulated the current methods used on the site, that is, a lecture-style 
approach. The second one (TBT-B) focused on facilitating kinaesthetic learners 
with aspects such as participation and inclusion of real-life experiences, both 
regarded as important in the literature reviewed. A comparison of the two TBTs 
(TBT-A and TBT-B) was then completed. Constant factors applied to the study 
included the duration of 10 to 15  min, as indicated by the American Society of 
Safety Professionals (ASSP.Org, 2018); the context, which was on the safety topic 
of general fire safety; and finally, the audience, consisting of 1 contract manager, 1 
health and safety manager, 2 project managers, 1 site manager, 2 site engineers, 4 
foremen and 9 labourers. TBT-A and TBT-B were delivered back to back, and a 
feedback session took place immediately after TBT-B was delivered, to discuss and 
compare both TBTs. An easily completed form was developed and used, which 
facilitated this comparison. Immediately before the feedback session and inter-
views, the researcher delivered a short talk explaining the different learner types so 
that the participants could understand what type of learner they were.

The feedback session focused on gathering information for comparison of the 
two talks regarding the delivery methods, structure and impact TBT-A and TBT-B 
had on each participant. The delivery methods and structure were an important com-
parison to distinguish the efficacy of both TBTs. The impact each TBT had on the 
construction workers allowed for the barriers of a TBT’s effectiveness and the 
opportunities for improvement to be distinguished. The discussion at the end of the 
talks was paramount to evaluating which of the talks suited each individual better.

Post-completion of both TBTs and subsequent discussion session, interviews 
were conducted with 40 people. This was to delve deeper into the topic of learner 
types and the identification of elements of TBTs that were felt would accommodate 
for their different learning styles.

Survey questions were developed using themes uncovered in the literature review 
such as managers and workers’ perspective of the TBT, their current method of 
delivery and the efficacy of TBTs, barriers they encountered in relation to the effec-
tiveness of a TBT and what opportunities there is for improvements. The 
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semi-structured interviews were conducted, and the interviewees’ responses filled 
in on a survey form while completing the interview. The data collection involved 
using Likert scales, option and ranking lists and yes/no questions. Using these types 
of scoring forced the interviewee to think about their responses while still being 
uncomplicated to complete.

The results gathered on the construction site were then analysed with the litera-
ture review to design suggested changes to be made to current TBTs.

19.4  Research Results

Forty people, whose roles included project managers, supervisors, health and safety 
officers, engineers and general operatives, were interviewed on a construction site 
in London. Themes formulating the interviews included their perception of TBTs, 
their current and desired participation in the talks and their opinion on the delivery 
of the current format against what they saw as beneficial. The semi-structured inter-
views were carried out after two separate TBTs, TBT-A and TBT-B, were delivered 
to the participants.

Of the 40 participants interviewed, 82% either strongly agreed or agreed that 
there are huge benefits to having a TBT. Eighteen people said that one of the main 
benefits they get from a TBT is that it highlighted current topics on-site that are a 
concern. Allowing workers to ask questions on the given topic was a lower benefit 
to them. A further benefit was noted that TBTs could assess the competence of both 
the operatives, to see if they understood the material and the trainer and to check if 
the trainers were giving the correct information in the right way. While some people 
said that there were enough resources and money put into TBTs, the vast majority 
said that more resources and money was needed – no one said less were needed. The 
creation of booklets, including simple diagrams in different languages for each 
worker, was a suggestion made, should additional resources be made available to 
allow the booklets to be generated. Other suggestions involved putting more time 
into the design and method of delivery rather than rushing through the TBTs.

Despite 88% people saying that they see a TBT as being very important, the 
answers to whether people remembered the last TBT they had were very mixed. 
Nine said they did not remember any, 11 said they remembered some, and 15 said 
they remembered the content in great detail. People’s participation level and will-
ingness to partake in these talks were rated very high with 65% of respondents say-
ing that they frequently or always participate. On discussion, some felt they had no 
choice whether they participated or not. However, these answers did not correspond 
to comments from managers who gave the TBTs, who said that many workers 
would not pay attention or partake in any discussion. This may indicate that opera-
tors were giving self-protective answers and they did not want to be seen as not 
participating.

There was a mixed response around how long a TBT should last and how often 
they should be given due to inconsistency in terms of duration and frequency of 
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TBTs on site. There is inconsistency because different foremen were giving the 
talks on different topics with each TBT having different duration, and some fore-
men delivered TBTs more frequently than others. Nine believed that TBTs should 
be done once per week with 13 suggesting daily TBTs. Only three believed TBTs 
should last for 5 min or less and 14 said 10–15 min. Additional notes made were that 
TBTs should be done when new risks were identified, new issues arose from safety 
audits or as foremen deemed necessary. The general consensus was that each week 
might be different depending on what was happening on site. Management stated 
that the company usually completes two TBTs per week.

A discussion alone or a discussion paired with a demonstration was deemed the 
most beneficial delivery method for workers. Comments included that as many 
methods as possible should be used to gain optimum impact. Two foremen said that 
incorporating language translation systems would also aid understanding. One proj-
ect manager suggested that after discussion and demonstration were used, the oper-
atives should then be monitored doing the task (where applicable) and any questions 
and issues could then be addressed and further improvements made.

With regard to who should deliver TBTs, foremen, site managers and head of 
safety were regarded as being the most appropriate. Comments were made that 
perhaps the workers themselves should be giving the talks, as it directly affects their 
work and work environment. Others stated that foremen could be seen as too 
friendly to have an optimum impact and that managers should supervise TBTs being 
delivered, ensuring all points are addressed and received. External bodies and top 
managers were the least desired people to be delivering TBTs, despite them having 
the greatest authority.

Following on from this, the conversations around external TBTs were very split. 
Fifteen people thought that TBTs worked well or very well, explaining that TBTs 
can shed new light on specific issues and give an alternative perspective on safety 
and thus reduce accidents. An external body may have general experience giving 
talks but without specificity for different sites. The operatives who agreed that TBTs 
delivered by externals worked well said that they were more likely to pay attention 
to external bodies and that it increased their self-awareness. Although 35% of peo-
ple declared external TBTs worked very well, over 50% of people’s opinion were 
neutral or below on the matter. They explained that the effectiveness would depend 
on the topic and whether or not it was relevant to the site itself. Others argued that 
it undermines management and supervisors and that site should be able to carry out 
their own TBTs. Some management claimed that operatives are more likely to listen 
to someone they know and trust and that external bodies are not aware of the issues 
faced on the specific site. They also said that there can be language difficulties and 
if operatives were given a TBT from their own supervisor, they may be able to ask 
questions in their native language or find someone to translate during the day.

A total of 50% of operatives said they would change the teaching style of how 
TBTs are being delivered as this was their main concern. Allowing workers to ask 
questions on the given topic was ranked low, perhaps because their current TBT 
format does not involve a discussion. They also stated that TBTs should be more 
topical and relevant to their own work and not just the site as a whole. Language and 
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learning barriers were the ranked highest in terms of barriers blocking TBTs from 
having significant impact. When discussing this, they stated that an easy, concise 
format was a much-preferred method of delivery.

Two TBTs, TBT-A and TBT-B, were delivered to the group of people on site. 
TBT-A had all text and was delivered in a lecture style, suiting auditory and visual 
learners, while TBT-B included a discussion and demonstration and therefore 
required more involvement from workers, better suiting kinaesthetic learners. Two 
different TBTs were given to 20 people, operatives, head of safety, foremen, site 
managers and project managers on the topic of fire safety. They were then asked if 
they knew what learner type they were, visual, auditory or kinaesthetic, and which 
TBT they preferred with an explanation of why. Despite 6 operatives being unsure 
of their preferred method of learning, 60% said they were kinaesthetic learners.

Of the 20 people present, 18 preferred TBT-B. When having a post-talk discus-
sion with them, they said that they found the TBT-B easier to understand, more 
engaging and made more sense. They noted that the demonstrations and use of easy 
language made it easier to listen, engage with and learn from the TBT. The issues 
they found with TBT-A was that they did not understand every word spoken, due to 
English not being everyone’s native language. They had no visual to help with what 
was being said nor any language translation tools to aid them.

19.5  Discussion

TBTs are an opportunity for managers to have informative discussions on safety 
with their workers. However, the findings of this study indicated that the overall 
process of TBTs requires optimisation. The optimised solution needs to be imple-
mentable, provide a learning experience that is ‘sticky’ and accepted among work-
ers. From the researcher’s conversations with site workers, important themes that 
impact on the quality of the TBT were identified and include delivery style and 
trainer, consistency in terms of frequency and duration, language barriers and 
learner type issues. Changes that could be made and implemented were based on 
findings in the literature review, the researcher’s observations and from analysis of 
the interview data.

The authority of the person delivering any safety talk is paramount for optimum 
effect on workers, and Boendermaker et al. (2003) identify the main characteristics 
of a trainer as being competent, having the respect of the learners and having a criti-
cal view of the learning process. While the literature states that top managers should 
be accountable and committed to safety policies, operators said that foremen would 
be the best for delivering and the role of the managers should be to supervise these 
to ensure the delivery was up to company standard. This would then enforce a stan-
dard that could be implemented throughout a company and facilitate impact assess-
ment allowing the TBT to be tweaked and changed to get the optimum outcome. It 
also coincides with Bahn and Barratt-Pugh (2012) noting that the evaluation of 
training will provide organisations with the evidence to develop the most 
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appropriate mechanism for their specific context. Another proposal on top of man-
aging the talks would be to offer some education and training to the people giving 
TBTs on how to deliver them, i.e. train the trainer.

While participation levels were ranked high among workers, managers said from 
their observations it was actually quite low. To enhance concentration and participa-
tion, workers need to want to be involved in TBTs. The teaching style in which 
TBTs are being given was the main element that participants would change, so if the 
current format was adjusted to suit operatives, their willingness to participate would 
increase. The inclusion of relatable material based on experience and real-life 
examples or stories would also increase engagement.

The teaching style was ranked highest in terms of what needed to be improved. 
Many resources are available for the different types of TBTs that can be given, 
along with sample TBTs. However, none of them tell trainers how to adapt these to 
the learner types of the operatives. TBTs need to change to suit the predominately 
kinaesthetic learner’s style on site with an andragogy approach taken. For the 
method of delivery, an option including a demonstration and discussion had the 
highest preference among workers, while a lecture style had the lowest. This cor-
responds with Burke et al. (2006) who states that these lecture-type safety talks are 
one of the least engaging methods of safety training. By including a more engaging 
conversational style of TBT, people will begin to relate to the material, learn from 
each other and teach each other. Sharing of anecdotes among workers would leave 
a lasting effect and ensure that the safety talks are more memorable.

Consistency issues of duration and frequency of TBTs arose from site. Despite 
the surveyed managers stating two TBTs per week are completed, foremen explained 
that they decided themselves if more TBTs needed to be done depending on the 
work being completed during any given week. Furthermore, a main contractor and 
or safety officer may require an extra talk to be done on a specific topic during the 
week. This drives inconsistency in how TBTs are delivered and their impact on 
operatives and managers. An external person coming in giving a TBT would also 
add to disruption. Opinions on external TBTs sparked strong views from managers 
and supervisors, finding their authority undermined by external trainers. They also 
said that an external person would not know the specific issues faced on site and 
thus workers would not find their training insightful. Workers should know and trust 
who is going to deliver these safety talks to maximise their impact.

The American Society of Safety Professionals (ASSP.Org, 2018) recommends a 
TBT should last 10 to 15 min. The mixed response of how long the current TBTs 
last versus how long it should last was highlighted by workers stating that they did 
not know what the optimum time would be for them because of the inconsistency 
they encountered. Linking back to the literature review stating a TBT should last 
15 min, this is what should be used for a standard. If a company has a strict number 
of TBTs to be done and the duration is to be the same, this consistency facilitates a 
routine for everyone. Consistency can be achieved by having a set time allocation 
and place and same number of TBTs given per week, and this would be accommo-
dating for operatives who move around different sites.
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One of the barriers encountered was that TBTs are not being delivered to fully 
suit each learner type. This can then limit the ‘stickiness’ of TBTs on workers, i.e. 
retention of information. When asking what learner type each person was, it was 
found that a great deal of people did not understand what was being asked, even 
after the researcher had explained the differences. After further explanation, six of 
the participants were still unsure which learner type they were. During some of the 
interviews, the researcher found that some of the operatives looked for the ‘right 
answer’ and they were found to be looking into each other’s answers. It was then 
explained to them that it was not a quiz and that it was just their opinion the 
researcher needed, that there was no right or wrong. From the literature, it is clear 
that the way adults learn requires that an andragogy approach to teaching should be 
taken. 60% of workers who participated in this study said their learner type was 
kinaesthetic with just 4 workers falling into the visual and auditory categories.

A major issue seen on the site was language barriers reducing the impact of 
TBTs. The company that was involved in the pilot study was based in London; how-
ever the operatives are predominantly non-native, and English is not their first lan-
guage. All the improvements already outlined could be implemented, but the 
language barrier has the potential to negate all of the positive changes. In other 
words, any new process for TBTs will fail if the language barrier is not minimised. 
As Cocerhan and Bradley (2019) stated, a Google translate application could help 
foreign workers be more effective and productive while enhancing site safety. 
Suggestions by those interviewed also agreed that assistive technology would help 
them to fully understand the TBTs, with no important detail slipping through due to 
translation errors.

A TBT directly affects a worker’s performance and safety and is a chance for 
them to gain knowledge on tasks they will be completing on site. Increasing the 
efficacy of TBTs will have a positive impact on workers. In order to do this, supervi-
sion of the talks from managers is required to fix any issues with the current process. 
Workers should be allowed and encouraged to give feedback of the receiving talks. 
The TBT needs to be discussion, demonstration and anecdote-based, and workers 
should be encouraged to drive these discussions. Consistency is also required and 
can be achieved through allotted times for TBTs, and a standard for their duration 
and frequency agreed and implemented. Assistive technology should be used to 
combat any language barriers that arise, and the workers learner types need consid-
ering for optimal impact.

19.6  Conclusion

The basic hypothesis that this study sets out to examine was that inconsistencies 
with content, design and delivery of TBTs had a negative effect on their impact. 
Observations and interviews with experienced workers completed on a London con-
struction site provided data on the inconsistencies blocking effective TBTs that 
proved that this hypothesis was correct.
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The focal points of the interviews were people’s perception of TBTs and their 
participation levels and thoughts on the delivery method of TBTs. The results com-
plemented what was found in the literature review, and both sources were used to 
form suggested changes that would lead to improvements to the current approach.

Consideration of current barriers as described in the literature such as the deliv-
ery methods, consistency and lack of assessment, coupled with the findings from 
this research, allowed a method for optimising the overall process of a TBT to be 
proposed. Changes to bring improvements include the following: (a) More resources 
and money should be going into TBTs in terms of supporting the design and deliv-
ery so as to improve the suitability of the format to allow maximum benefit. (b) The 
style of training needs to be suitable for the adult learners in the TBT group, making 
the material accessible and, more importantly, relatable for the workers. For exam-
ple, construction workers who have the kinaesthetic learning style require training 
delivered in a way that suits them—in other words formatting the TBT to include 
demonstration and discussion to make the training more interactive. (c) Train the 
trainers and ensure that they understand the importance of matching the training 
delivery method with the needs and learning styles of the people in front of them. 
Andragogy-style teaching needs to be considered by people giving the TBT. (d) 
More resources need to go into supervising the people delivering TBTs, so that 
workers and managers get the most out of TBTs and continuous improvement can 
be facilitated. These suggestions if implemented would deliver a consistent and 
impactful TBT experience for all workers on site irrespective of level, language or 
learning style.

Possible future research in this topic would be assessing the effectiveness of the 
implementation of the changes suggested above by focusing on work habits, acci-
dents, workers’ behaviour and perceptions before and after the TBT. Monitoring the 
changes being made and the impact such changes have on workers would allow for 
further adjustments to be made if necessary. As in any improvement, there is a need 
for resources to facilitate the TBT system changes, but the return on investment 
could be significant.
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Chapter 20
Bagging a Bargain Begets Amnesia: 
Insights of Integrating Responsible 
Sourcing into Building Information 
Modelling

Sophie Ball and Colin A. Booth

20.1  Introduction

The construction sector currently accounts for 7% of UK GDP, and collective con-
cerns from the public due to increased awareness of the planet’s environmental lim-
its mean architecture, engineering and construction (AEC) organisations have 
amplified their accountability to stakeholders (Upstill-Goddard et al., 2013). The 
sectors have obvious impacts on the environment—including pollution, alteration 
of landscapes and high levels of manufacturing and waste (Zhou & Lowe, 2003). 
The industry has, therefore, become expressive when considering transparency, 
accountability and legitimacy; however, research suggests some AEC organisations 
trail behind in these traits (Glass, 2012).

The evolution of corporate social responsibility (CSR) means organisations need 
to consider smart decisions within internal processing. Amplified consciousness 
leads organisations to become positive influencers of socio-environmental activi-
ties, which address changing social orders (Finster & Hernke, 2014). One emerging 
aspect is responsible sourcing (RS). Through investment in supply chains, organisa-
tions can align with ethically sound materials and products. This addresses sustain-
ability issues, as well as having a positive impact on purchasing decisions, which 
can create stakeholder confidence (Glass, 2012).

Building Information Modelling (BIM) has established itself as a key tool for 
many AEC organisations to aid project management, allowing for collective 
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collaboration by stakeholders from pre-construction through to operation and main-
tenance. Also, BES6001 provides a framework for RS construction products. The 
standard provides support for both manufacturing and purchasing to effectively 
manage supply chains. Therefore, this study aims to explore the benefits and barri-
ers of implementing and integrating RS into the BIM systems of AEC 
organisations.

20.2  Literature Review

Consumers are main drivers of sustainable product manufacturing by demanding 
producer responsibility, radical reduction of resource use and renewable energy for 
production and buildings that have strong environmental certifications (Finster & 
Hernke, 2014). There is growing awareness that current practices are incompatible 
with increasing demands. This is due to high resource use and rising scarcity in 
materials, meaning improvement in production and waste management is required. 
Industry must respond by delivering effective and efficient outputs.

The term ‘supply chain’ continues to change depending on perspective, but gen-
erally, it is described as the management of manufacturing or logistics of transport 
and distribution. The manufacturing of a supply chain is self-explanatory—the 
extraction of natural resources and production of items. Logistics is the functional 
area of a supply chain which controls the efficient and effective forward and reverse 
flows of goods from the point of origin to the point of consumption (Christopher & 
Peck, 2004). Supply chains deplete natural resources, and though it can be surmised 
that some natural resources are renewable (water, timber, soil), the rate of extraction 
interrupts healthy replenishment rates (Agrawal & Lee, 2016).

Frameworks for assessing buildings (such as BREEAM, LEED) do not necessar-
ily consider the materials used throughout a project. It is apparent that the AEC 
sector, therefore, requires an overarching method to regard the quality, environment 
and health and safety of developments (Ghumra et  al., 2009). Resilient supply 
chains are highly coveted, and organisations are continually looking to achieve 
robust processing. Traditionally, supply chains are viewed in a linear sense—from 
cradle to grave. As organisations look to improve their processes, responsible sourc-
ing has emerged as a new procurement method (Presutti Jr, 2003). RS is achieved 
by investigating supply chains and devising actions, which ensure the use of ethi-
cally sound products. Acquiring materials with certified status means organisations 
can make positive purchasing decisions (Glass, 2012). By choosing responsible 
materials, the impacts of construction can be reduced before reaching site.

As with most change, there is a value-action gap. This means that whilst initia-
tives may appear valuable, they still have low uptake (Guo et  al., 2015). Bowen 
et al. (2001) explored the value aspect and found that 60% of managers strongly 
agreed that their company should take responsibility for the impacts of their suppli-
ers. There are various reasons why organisations do not investigate their supply 
chains to make more sustainable choices—including lack of awareness (Glass, 
2012), outsourcing, risk, time (Khoo et  al., 2001), quality management 
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(Upstill- Goddard et al., 2012) and cost (Agrawal & Lee, 2016). These barriers mean 
certain areas of the sector are wary to begin sustainable processing. Users’ influence 
over sustainable building is blighted by the lack of established platforms between 
designers and consumers, along with lack of cohesion between sector stakeholders 
(Rohracher, 2001). To move forward, key stakeholders must be consulted through-
out development to reduce clashes of interest (Meehan & Bryde, 2011).

BIM seeks to integrate processes and enable collaborative working environ-
ments, including all stages of building life cycles. It uses software programmes to 
model both object-oriented and spatial semantics to unlock more efficient methods 
of designing and creating assets (Mahamadu et al., 2013). A range of stakeholders 
can utilise the framework dependent on interest and layer information into one cen-
tral file, which can be used throughout the building life cycle (Gruen et al., 2009). 
By creating a coordinated model, BIM has emerged as a solution to facilitate more 
sustainable construction. The use of BIM throughout projects creates feedback 
loops, which simulate stakeholder interests. This can be reused in future projects to 
improve material efficiency and reduce waste, timescales and errors (Whyte & 
Hartmann, 2017).

The underlying principle of successful supply chains is the collaborative 
exchange of information (Christopher & Peck, 2004). BIM allows users to elec-
tronically store and share information allowing for quick and remote access. 
Organisations may continually analyse and update information on products to 
ensure value. BIM, therefore, promotes responsible choices producing sustainable 
construction, as designs can be continuously analysed to maximise benefits.

Local sourcing has been linked to minimising waste (Jiao et al., 2013). By utilis-
ing BIM to assess materials through a four-phase framework, users are provided 
with a method to select the most sustainable component. Pairing this with effective 
scheduling and material calculations reduces a development of carbon footprint 
through streamlining of design and construction programmes, which can reflect 
positively on an organisations’ reputation (Chen et al., 2010). However, whilst the 
use of BIM has obvious advantages, there is still a limited amount of uptake. BIM 
is still in its early stages of development in terms of clashes with language, intel-
lectual property rights and data security (Mahamadu et al., 2013). One gap in BIM’s 
software is within product information—using libraries of materials is useful for 
modelling purposes, but there is no indication of sourcing. This creates issues with 
quality and procurement (Eastman et al., 2011). Consequently, there remains a gap 
in the framework which could be closed with the right influx of product information.

Organisations readily recognise that making quality a stakeholder priority allows 
businesses to attain total quality management (Christopher & Peck, 2004). One 
solution to rising demand for construction procedures is accurate information on 
materials, which can be utilised by designers and contractors (Mustow, 2006). 
BES6001 is a UK framework standard for responsibly sourced construction materi-
als through a points-based system. The BRE Global (2016) describes BES6001 as 
‘Responsible Sourcing of Construction Products is demonstrated through an ethos 
of supply chain management and product stewardship and encompasses social, eco-
nomic and environmental dimensions.’ This covers the following areas: organisa-
tional management, supply chain management requirements and environmental and 
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social requirements. Three aspects of supply chain management are assessed under 
separate areas (material traceability, environmental management systems and health 
and safety management systems) which links to other standards.

Presently, the application of BES6001 is varied. For example, the UK concrete 
industry already has more than 91% of sector organisations carrying the BES6001 
certification with 85% rated very good or excellent. Though BES6001 provides a 
point of reference and allows developments to access valuable credits into schemes 
such as BREEAM, there remains an issue with reliable summarising of overall per-
formance. This lack of 360-degree perspective is partly due to the complicated and 
costly nature of life cycle analysis (LCA). There is also a lack of investigation as to 
the positive application of this within organisations, but previous research does 
imply links between certification and application (Upstill-Goddard et al., 2012).

From a review of the literature, it may be ascertained that most studies review RS 
and BIM as separate, and the potential for integration remains unexplored. Therefore, 
this is the first known study that explores the overlap of RS and BIM into one sus-
tainable construction process.

20.3  Research Methodology

20.3.1  Literature Review

A review of existing responsible sourcing and building information modelling lit-
erature followed the PRISMA evidence-based transparent and complete reporting 
process, whereby articles were identified, screened and checked for eligibility 
before inclusion in a systematic or structured review (Moher et al., 2009). A host of 
databases (including Scopus, Web of Science, Emerald, Wiley-Blackwell, Taylor 
and Francis, amongst others) were searched for any accessible articles.

20.3.2  Data Collection

An objectivity-based methodology was utilised for this study. A quantitative cross- 
sectional questionnaire survey, aligned to the study’s aim, was adopted as the 
method of inquiry. This enabled the capacity to collect a large amount of data in a 
controlled setting with minimal influence by the researcher. The choice of this strat-
egy was borne out of the need to capture both the benefits and the barriers of inte-
grating and implementing responsible sourcing in BIM systems. The instrument 
was developed through an iterative process of literature reviews and consulting 
experts to refine the measurement items, before piloting with industry and academic 
professionals. Feedback from the pilot exercise was used to amend and address pos-
sible issues before the final version of the questionnaire was distributed.

The main purpose of the questionnaire was to solicit construction professional’s 
perceptions of the benefits and the barriers of integrating and implementing responsible 
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sourcing in building information modelling. Section 1 was designed to capture the 
participant’s personal details; Section 2 listed nine factors used to determine apparent 
advantages of integrating and implementing responsible sourcing in building informa-
tion modelling; and Sect. 3 listed eight factors used to gauge perceived challenges 
against integrating and implementing responsible sourcing in building information 
modelling. For Sects. 2 and 3, participants were asked to record their ratings for each 
factor on a 5-point Likert-type scale (1, strongly disagree, 2, disagree, 3, neutral, 4, 
agree, and 5, strongly agree) in a horizontal grid system stored as ordinal data. A small 
number of open-ended questions (dual approach) were also included to elicit rich qual-
itative data, alongside the quantitative approach.

Ethical approval was sought before the final questionnaire was shared. Approval 
meant all participants were informed in a participant information cover letter that 
their involvement was entirely voluntary and their decision to complete and return 
their completed questionnaire was their consent to take part in the study. As their 
responses would be anonymous, participants were also informed that there would 
be no opportunity to withdraw once the questionnaire had been returned.

20.3.3  Data Analysis

The primary data was entered into Excel (2016 version) and analysed by using a 
descriptive statistical tool—the central tendency measure of weighted average. 
Demographical information was analysed by means of frequency analysis to pro-
vide a snapshot of the respondents’ characteristics.

The following weighted average formula was used to calculate the average score for 
each factor, where WASi denotes the weighted average score for each factor i, αj denotes 
the numerical value for each ranking level in which 1 is allocated to the lowest rank and 
5 is allocated to the highest rank, nij denotes the number of respondents for factor i with 
ranking level αj and N denotes the total number of respondents for the question.

Formula for the Weighted Average Score

 WASi
j

j ijn

N
=

( )
=
∑

1

5

α
 (20.1)

An additional formulation was required to address the weakness of the weight 
average score, which did not account for the degree of variation between the 
responses. Hence, a coefficient of variation was added to each of the weighted aver-
age scores to compute the beneficial index value (BIV), which determined the final 
rankings as shown in the formula below.

Formula for the Benefit/Barrier Index Value

 BIV WAS
WAS

i i
i

i

= +
δ

 (20.2)
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where BIVi denotes the beneficial index value for each factor i and δi denotes the 
standard deviation for each factor i.

20.4  Research Results and Discussion

Findings from the analysis of these responses are presented and discussed beneath 
under the main sections: (1) Participant and Organisational Demographics; (2) 
Benefits to Implementing and Integrating Responsible Sourcing Within BIM 
Systems; and (3) Barriers to Implementing and Integrating Responsible Sourcing 
Within BIM Systems.

20.4.1  Participant and Organisational Demographics

The respondents were from organisations within procurement, management, design 
or construction—no one considered their role outside this scope. Most respondents 
(75%) were from ‘medium-sized organisations’ (>151 employees). All participants 
were professionally certified or degree-level educated, and all organisations already 
had a sustainability policy (60%) or were in the process of creating one.

Resilient supply chains are crucial to resource heavy sectors, and it is encourag-
ing that most respondents have policies dedicated to RS (75%) and CSR (67%). 
Acquiring materials which are responsible allows organisations to make positive 
purchasing choices (Glass, 2012). Of the organisations surveyed, 100% of respon-
dents value RS within their supply chain.

Over 80% of respondents believe in mandatory responsible sourcing policies. A 
robust supply chain is key for any strong performing organisation, and the imple-
mentation of mandatory standards seems a simple modification to influence change 
within the sector. The implementation of RS initiatives within organisations does 
produce various positive outcomes including gaining competitive advantage, cus-
tomer loyalty and increased brand value (Cohen & Robbins, 2011).

20.4.2  Benefits to Implementing and Integrating Responsible 
Sourcing within BIM Systems

The questionnaire listed nine factors considered to be advantages to organisations in 
the construction industry (Table  20.1). Analysis of the questionnaire responses 
(Table 20.2) has been used to list the beneficial factors of implementing and inte-
grating responsible sourcing within BIM systems in a ranked order of importance 
(Table 20.3).
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Table 20.1 List of beneficial factors

1 RSa RS and BIM are key drivers for the progression of our 
organisation

2 RSb RS and BIM provide a competitive advantage for our 
organisation

3 RSc RS and BIM promote collaboration
4 RSd RS and BIM can be implemented without substantial 

changes to our existing systems
5 RSe RS and BIM can be implemented without extensive staff 

upskilling
6 RSf RS and BIM allow our organisation to exceed minimum 

compliance/regulation
7 RSg RS and BIM help our organisation to be accountable for 

its sustainability impacts
8 RSh RS and BIM encourage ethical related decisions
9 RSi RS and BIM add value for our stakeholders

Table 20.2 Calculation of parameter values for the beneficial factors

ASS Variance SD BIV BIV rank

RSa 3.58 0.74 0.86 7.74 6
RSb 4.33 0.22 0.47 13.53 1
RSc 4.08 0.91 0.95 8.36 4
RSd 2.00 0.83 0.91 4.19 9
RSe 2.42 1.24 1.11 4.58 8
RSf 3.58 0.24 0.49 10.85 3
RSg 3.92 1.24 1.11 7.43 7
RSh 3.92 0.91 0.95 8.02 5
RSi 3.67 0.22 0.47 11.44 2

Table 20.3 List of beneficial factors in ranked order

1 RSb RS and BIM provide a competitive advantage for our 
organisation

2 RSi RS and BIM add value for our stakeholders
3 RSf RS and BIM allow our organisation to exceed minimum 

compliance/regulation
4 RSc RS and BIM promote collaboration
5 RSh RS and BIM encourage ethical related decisions
6 RSa RS and BIM are key drivers for the progression of our 

organisation
7 RSg RS and BIM help our organisation to be accountable for 

its sustainability impacts
8 Rse RS and BIM can be implemented without extensive staff 

upskilling
9 RSd RS and BIM can be implemented without substantial 

changes to our existing systems
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Based on the final ranking, the three top benefits were that RS and BIM provide 
a competitive advantage (RSb), add value for stakeholders (RSi) and enable mini-
mum compliance (RSf), whilst the lowest three ranking benefits were accountability 
(RSg), training (RSe) and changes to existing systems (RSd). The following section 
attempts to explain and discuss these findings.

The AEC sector remains a multi-faceted and complex market, facing a paradigm 
shift to increase productivity, efficiency, value, quality and sustainability. This 
requires resilient and collaborative business models to maintain dominance. The 
pressures as a result of activism, legislation and awareness mean that sustainability 
must be embraced and companies must strive to incorporate it as part of their supply 
chains to ensure competitive advantage (Bubicz et al., 2019). Arayici et al. (2011) 
undertook a systematic review of BIM implementation and found that AEC SMEs 
experience higher efficiency and competitive advantage. This barrier also remains at 
the forefront in more recent studies (Hong et al., 2017; Charef et al., 2019; Oraee 
et al., 2019; Chan et al., 2019). Kaner et al. (2008) also supports this notion through 
a study which analysed case studies within the AEC industry. This was as a result of 
reduced design lead times and reduction of clashes and errors. This study reinforces 
the importance of competitive advantage as it was found to be the highest ranked 
barrier.

Organisations strive to be viewed as positive societal influencers due to the 
development of CSR; therefore it can be surmised that the perceived increase in 
access to clients encourages organisations to maintain positive public relations 
(Upstill-Goddard et  al., 2013). A firm’s reputation is improved through tangible 
action, rather than corporate communication. By effectively managing supply 
chains, it can be evidenced that an organisation is meeting stakeholder expectations. 
Ofori (2000) describes supply chain management as essential to the performance 
and competitiveness of construction enterprises. This is because of the range of 
influencers across each project—a variety of materials, components, stakeholders’ 
consultants and products are used. Additionally, Hoejmose et al. (2013) recognised 
that an organisation’s desire to achieve competitive advantage drives responsible 
decision-making. The implementation of responsible initiatives within organisa-
tions has been found to produce various positive outcomes including gaining com-
petitive advantage, customer loyalty and increased brand value (Cohen & 
Robbins, 2011).

The research has identified stakeholder value as another key benefit. In addition 
to this, it can be inferred that an organisation’s ability to assure quality delivery has 
worth. This is mirrored by a study by Ageron et al. (2012) which noted that manage-
ment and stakeholder’s opinions were a key influencer over sustainable supply 
chain management. Strategies, which empathise with stakeholder’s opinions and are 
pro-active, consequently produce strong stakeholder relationships (Epstein, 2008). 
The benefit of responding to public concern to drive attitudes and promotion of their 
organisation with self-regulation are echoed by Finster and Hernke (2014). 
Environmental consciousness has increased in recent years, which in turn enables 
organisations to be positive influencers. This combined with enthusiasm of employ-
ees where organisational processes are concerned is vital when introducing 
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responsible practice (Upstill-Goddard et al., 2013). From the participants’ responses, 
it can be deduced that public relations are important drivers for environmental 
responses within their organisations. Stakeholders are at the centre of ecological 
modernisation and benefit from developing a bespoke form of governance. This 
research therefore supports Cohen and Robbins (2011) findings that the implemen-
tation of initiatives within organisations does produce positive outcomes. Chan 
et  al. (2019) reinforce the theory that growing stakeholder demand for CSR and 
benevolent activities are a determinant in the maintenance of a successful sup-
ply chain.

A previous barrier to RS and BIM uptake has been client reluctancy. This is 
based primarily on return on investment and the appreciation and definition of 
value. Some clients consider only tangible values without considering intangible 
factors (Becerik-Gerber & Rice, 2010). This study emphasises the changing atti-
tudes of AEC stakeholders in terms of perceived value of RS and BIM. However, 
whilst stakeholder value was the highest-ranking barrier within this study, it should 
also be noted that depending on a project size, funding stream and affiliations, it can 
be difficult to manage stakeholder expectations (Bubicz et al., 2019).

When considering the AEC sector, the external pressures from legislative bodies 
must be recognised. Both consumers and legislation have prompted organisations to 
become more environmentally friendly (Frota Neto et al., 2008). However, in recent 
years compliance has become a minimum, and stakeholders have begun to expect 
more. Companies seem to agree that RS enables exceeding legislative standards. 
This implies companies comply because of regulation and risk of penalties. Seuring 
and Muller (2008) explored the impact of compliance with legislation and manda-
tory changes in the adoption of new technologies. Opinions seem to be confirmed 
by results in terms of current practice. It appears that whilst many organisations 
accept the benefit of accountability and transparency, some of the changes already 
in their policies may be as a result of mandatory legislation. Whilst some academics 
disagree with legislative governance, participants in this research acknowledge the 
advantage of mandatory legislative changes (Boyd et al., 2007). The positive for 
regulation is that due to its compulsory nature, implementation does not require a 
positive employee attitude (Cohen & Robbins, 2011).

20.4.3  Barriers to Implementing and Integrating Responsible 
Sourcing Within BIM Systems

The questionnaire listed eight factors considered to be challenges to organisations 
in the construction industry (Table 20.4). Analysis of the questionnaire responses 
(Table 20.5) has been used to list the barrier factors of implementing and integrating 
responsible sourcing within BIM systems in a ranked order of importance 
(Table 20.6).
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Table 20.4 List of barrier factors

1 BBa We have not evaluated the implementation of RS and 
BIM

2 BBb Our employees would require significant upskilling to 
successfully implement BIM

3 BBc We use existing in-house collaboration software to 
deliver projects

4 BBd We do not feel BIM protects our organisations’ data 
and ideas

5 BBe Other businesses we work with do not use BIM
6 BBf Introducing RS and BIM will not help our 

organisation gain more clients
7 BBg RS and BIM are too expensive
8 BBh Responsibly sourced materials are not widely 

available

Table 20.5 Calculation of parameter values for the barrier factors

ASS Variance SE BIV BIV rank

Bba 3.33 2.22 1.49 5.57 3
BBb 2.92 1.58 1.29 5.24 5
BBc 2.67 1.22 1.11 5.08 7
BBd 3.42 1.22 1.10 6.52 2
Bbe 2.33 1.56 1.25 4.20 8
BBf 2.83 1.47 1.21 5.17 6
BBg 4.00 1.00 1.00 8.00 1
BBh 2.50 0.75 0.87 5.39 4

Table 20.6 List of barrier factors in ranked order

1 BBg RS and BIM are too expensive
2 BBd We do not feel BIM protects our organisations’ data 

and ideas
3 BBa We have not evaluated the implementation of RS and 

BIM
4 BBh Responsibly sourced materials are not widely 

available
5 BBb Our employees would require significant upskilling to 

successfully implement BIM
6 BBf Introducing RS and BIM will not help our 

organisation gain more clients
7 BBc We use existing in-house collaboration software to 

deliver projects
8 Bbe Other businesses we work with do not use BIM

S. Ball and C. A. Booth



259

Based on the results presented above, the three key barriers included cost (BBg), 
intellectual property challenges (BBd) and lack of evaluation into implementation 
(BBa), whilst the lowest three ranking barriers included upskilling (BBb), competi-
tive advantage (BBf) and in-house software (BBc). The following section attempts 
to explain and discuss these findings.

The persistent reduction of cost is paramount to successful profit margins. 
Typically, the main barrier of sustainability investments has been cost—this is 
maintained within this study as the highest-ranking barrier for RS and BIM imple-
mentation. Giunipero et al. (2019) emphasised that cost and economic uncertainty 
were key hindrances to responsible supply chain management. Harwood et al. 
(2011) noted the importance of considering RS cost-risk. By managing risk and 
reducing conflicts between social responsibility and traditional procurement, AEC 
SMEs can maintain profitability whilst cutting capital cost. Undoubtably, profits are 
an area which every organisation aims to improve whilst maintaining the delivery of 
quality outputs. Bowen et al. (2001) also identified a barrier to RS as cost due to 
larger capital cost and longer lead times.

An organisation’s business case for RS products depends on both upstream sup-
pliers and the consumer; a robust and transparent relationship between all units 
must be maintained (Meckenstock et al., 2015). Budget often dictates a project and 
costs of RS materials often fall on the client. As RS materials do not necessarily 
impact the use of a product, the value can be difficult to envisage. Carter and 
Jennings (2002) recognised three main barriers to RS when considering associated 
costs which included uncertainty over what ‘responsible’ means. This study rein-
forces that the perception of RS products is that they have longer lead times and 
higher initial costs, which mirrors the findings of Agrawal and Lee (2016). This 
perception means organisations are dissuaded from including them in their bids for 
tender, despite this being the earliest opportunity for setting out sustainability aspi-
rations. The aforementioned issues create trade-offs for AEC organisations. Guo 
et al. (2015) studied this conflict and assessed whether it is important to buy from a 
responsible organisation or a risky cheaper organisation. They concluded that as the 
consumer begins to demand a more sustainable market, it will become more benefi-
cial to choose RS.

In terms of BIM application, several studies have highlighted key barriers in rela-
tion to cost, including the upfront cost of applications and software and the imple-
mentation and upskilling of staff, due to a lack of industry professionals (Thomson 
& Miner, 2010; Ganah & John, 2014; Liu et al., 2015). When considering perceived 
costs of education to successfully apply BIM, it can be split into two elements—the 
cost of upskilling or hiring competent individuals and behavioural costs to ensure 
support and organisational change to integrate BIM effectively.

Compared to traditional two-dimensional drawings and specifications, BIM pro-
duces a coordinated extractable electronic design which can be shared quickly and 
efficiently. At the end of the design phase, a BIM model can have significant value 
for owners (Porwal & Hewage, 2013). Respondents in this study also highlighted 
protection of creative data and ideas as an important barrier. BIM is still in its early 
stages of development in terms of clashes with language, intellectual property rights 
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and data security (Jiang & Chen, 2014). In line with this, Ghaffarianhoseini et al. 
(2016) suggested that widespread uptake is linked to issues with cyber-security, 
unclear legal jargon and intellectual property rights. Kivits and Furneaux (2013) 
also indicated a need for resolving the numerous financial and legal issues which 
currently limit the AEC sector’s adoption of BIM.

Whilst BIM enables the collaborative and constant exchange of information and 
the full design accessible to team members, some organisations feel that there is the 
opportunity for unauthorised access and copyright infringements (Chien et  al., 
2014). BIM implementation also raises contractual issues relating to responsibili-
ties, risk, information and asset sharing and data ownership. Additionally, there is 
the issue of wording within contract clauses, for instance, BIM protocol requires 
additional comprehensive intellectual property licences which are not provided and 
understood by all members of a design team (Udom, 2012).

Whilst sustainability and responsible sourcing are key to AEC organisations—
with 92% of respondents operating an RS policy within their supply chains—there 
remains an issue of complexity. As sustainability is sub-divided into economic, 
social and environmental dimensions, it can be difficult to interpret how to incorpo-
rate sustainable behaviours. Despite respondents’ concerns over the costs of RS 
materials, it would seem many have not completed active research into RS and BIM 
implementation. Though there are growing concerns over resource use and account-
ability, it remains difficult to achieve a responsible supply chain, partially due to a 
lack of awareness and fake views of sustainable products (Glass, 2012).

To achieve sustainable construction, the choice of product is crucial, and every 
decision affects supply chain management (Glass, 2012). Häkkinen and Belloni 
(2011) highlighted one technical barrier for sustainable construction—a lack of 
common frameworks. BES6001 has been highlighted as a solution to provide accu-
rate information on materials which echoes the ethos and determination to reduce 
negative environmental impacts (Mustow, 2006). Furthermore, a barrier to sustain-
able construction is the depth in which products must be analysed, and the compli-
cations of this when outsourcing, time scales and cost are considered. All can inhibit 
the effective greening of an organisation’s supply chain (Bowen et al., 2001; Boyd 
et al., 2007). This means that the use of an integrated framework has the potential to 
alleviate barriers to both RS and BIM.

20.5  Conclusion

This study makes a distinct contribution to knowledge by responding to a research 
gap at the interface of implementing and integrating responsible sourcing within 
BIM systems for the architecture, engineering and construction (AEC) sectors. The 
main findings of the study reveal the top perceived benefits of RS and BIM imple-
mentation from the perspective of AEC SME organisation as competitive advantage 
and value for stakeholders. There is also an appreciation that the use of RS and BIM 
enables compliance standards to be exceeded. The key barriers for uptake are cost, 
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intellectual property rights and creativity and a lack of understanding and awareness 
of the practical application of both RS and BIM.

Over the last decade, increasing environmental awareness has led to a growing 
appreciation of sustainable construction, responsible sourcing and the implementa-
tion of all certification frameworks and how BIM can ensure and enable these pro-
cesses. Whilst respondents within this study are aware of potential and tangible 
benefits to RS and their integration into BIM, actual uptake within the industry 
remains limited. Any change from traditional technology involves behaviour change 
to create a social norm. Tools need to be used to alleviate the adoption gap. Rogers 
(1995) divides organisations into five groups: innovators, early adopters, early 
majority, late majority and the laggards. The AEC sector is considered one of the 
more innovating markets attributable to attempts to reduce time and fierce 
competition.

Whilst many respondents did not operate dedicated sustainability teams, the 
opinions gauged through the research are considered valuable. Through this study, 
there are several recommendations for action:

• Firstly, one gap in BIM’s software is within product information—using libraries 
of materials is useful for modelling purposes, but there is no indication of sourc-
ing. This creates issues with quality and procurement. Consequently, there 
remains a hole in the framework which could be removed with the right influx of 
product information. By creating environments where there is easy access to 
sources which provide information on RS, it may be possible to increase the 
amount of RS products currently utilised by the AEC sector.

• Secondly, the study revealed that stakeholders are the primary driver for the 
implementation of responsible sourcing and BIM. Consequently, the recommen-
dation is that rather than relying on the morals, budgets and aspirations of clien-
tele, responsible sourcing should be made mandatory on all construction projects 
which require the use of BIM.

• Thirdly, an increase or continuation of investigation into the organisational bar-
riers to uptake of both RS and BIM would allow a framework to be generated to 
pinpoint key areas for improvement.

These discussions are preliminary and require wider research to ascertain gen-
eral attitudes to responsible sourcing within the AEC sector. Despite this, the survey 
investigated a new method to improving the AEC’s uptake of RS by using BIM, and 
therefore results provide a starting point for research into the practical integration of 
frameworks into BIM. The aim was to gauge stakeholder opinion—key benefits and 
barriers have been successfully identified, and further research should build on vali-
dating these responses. It would be useful to conduct interviews with industry pro-
fessionals who are aware of practical application—which should guide further 
research into the topic.
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Chapter 21
An Analysis of Adversarial/Cooperative 
Attitudes in Construction Contracting: 
How Approaches to Adversarial 
Procurement Might Have a Lasting Effect 
on Project Culture

Emily Harrison and John Heathcote

21.1  Introduction

The research aim of this study was to investigate whether the issue of resistance to 
partnering in construction lies with individuals’ behavioural tendencies created by 
an adversarial culture. The study focuses on construction professionals, whose atti-
tude might have been most affected by the construction industry’s approach to pro-
curement, the quantity surveyor. The study tested, using the prisoner’s dilemma 
experiment (an explanation for the game is made in Fig. 21.1), how construction 
professionals, both from a main contractor and from a partnering framework back-
ground, compared to a control group act in a test of cooperation vs defection. This 
would allow the study to identify any group bias towards cooperation or competi-
tion and demonstrate the potential of an adversarial competitive environment to 
influence behaviours in what has been shown to be a negative outcome for proj-
ect value.

Problem Statement: Construction professionals act in an adversarial manner 
towards construction contracting, despite research that proves this problematic for 
project success and greater sustainable outcomes.

Research Question: Are construction professionals conditioned by their environ-
ment to act against what is mutually beneficial for project success?

Research Aim: The overall aim of this research was to test how construction 
professionals operate in the prisoner’s dilemma experiment.

Research Design: An experiment is proposed, which asks participants to ‘play’ 
the prisoner’s dilemma game.
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Despite the considerable and comprehensive research, experiments and inter-
views carried out by the academics in the project management field, stating the 
proven benefits of partnering, cooperation and collaboration, the resistance to 
change within the construction sector is still robust, and attributed this to the com-
petitive tendering and the structure of the industry around this competitive bidding 
premise. The industry itself may have entrenched values which trickle down into 
taught approaches and management styles, ultimately affecting a project outcome in 
one way or another. The construction professionals, closest to the construction con-
tract, are quantity surveyors; this group often takes up the role as project managers 
and are, by nature of their profession, close to the importance of the cost manage-
ment of the project. Existing literature has made the case for UK construction to 
take a more holistic approach to projects in order to achieve a more favourable and 
valuable outcome for all parties.

It can be argued the 1994 Constructing the Team Report, written by Sir John 
Latham, was the catalyst which sought to drive the UK construction industry to 
modernise, an industry which beforehand was argued as primitive and unrecogni-
sable (Gardiner, 2014). Open tendering resulting in cutthroat bidding, which Reeves 
argued, resulted in ‘contractor tender price[s] invariably inadequate to do the job… 
the contractor starved the supply chain of cash …[and led to] a glut of litigation’ 
(Gardiner, 2014). Adamson and Pollington also note that at this time the ‘construc-
tion industry spent more on litigation, than on training, research or development’ 
(2006). As such Latham proposed that at the heart of any project, there should be a 

Investopedia defines the Prisoner’s Dilemma as “a paradox in decision analysis, 
[where] two individuals acting in their own self-interests do not produce the optimal 
outcome. [It] is set up in such a way that both parties choose to protect themselves 
at the expense of the other participant. As a result, both participants find themselves 
in a worse state than if they had cooperated with each other in the decision-making 
process” (Chappelhow, 2019).

Utilising ‘game theory’ this basic game allows for two possible outcomes, players
either ‘cooperate’ or ‘defect’. Depending on what their adversary ‘plays’ a score is
arrived at. If both players cooperate, both receive 3 points each. If both ‘defect’
they both receive ‘1’point each. If one ‘defects’ and the other ‘cooperates’ then the
defector receives 5 points and the ‘co-operator’ loses scoring ‘0’. This makes the
game challenge about tricking the other into cooperating, so you can take advantage
of them by defecting and scoring 5 points; or communicating, through play/action,
that you intend to cooperate and inducing a series of cooperative plays that gains
each player 3 points each time. Collectively a cooperative strategy beats a defecting
strategy, but individually a ‘sneaky defector’ might out score their opponent. Game
strategies will reveal the strategies of a player; their tendency to favour a defect or a
cooperative strategy.

Fig. 21.1 An explanation of the game; ‘prisoner’s dilemma’ which forms the basis of the 
experiment
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strong sense of teamwork and partnering in order to collaborate for the common 
good of the project (1998), in turn strengthening the role of the project manager. 
Although others had tried previously, Latham had the first compelling argument for 
moving towards collaboration and based much of the report on emphasising the 
importance and approach to implementing these radical ideas to constructing a 
team, as the industry could not ‘wait 30 years for another Banwell or 50 years for 
another Simon’, his predecessors who had both tried and failed to make progressive 
change to the UK construction industry.

Latham anticipated that implementation of his recommendations would happen 
when the client adopted the report’s suggested approaches. These changes cannot be 
met without client agreement and suggest that clients need to be better clients/
employers (including the UK government) (Latham, 1994). Furthermore, the client 
still needed to ensure the full development of a design, before the construction team 
are procured, resulting in the requirement for a full design team to scrutinise and 
problem-solve ahead of any tenders being sent out, which would then result in less 
risk, often in less cost and more certainty of outcome, for all involved in the project 
(Latham, 1994).

One prominent outcome of the Latham report was the step towards and ultimate 
entrenchment of adjudication in UK law, which provided a cost-effective alternative 
to litigation. This can be shown by the vast reduction of disputes ending up in court 
over the past two decades. However, Morrell, the UK’s first Government Construction 
Advisor, argued that the industry is still adversarial and that disputes are merely 
managed more effectively. Of the key outcomes of the Latham report, the NEC suite 
of contracts is also argued, a contract which obliged any party to alert the other as 
soon as any problems arose or otherwise lose the right to later base a claim on the 
project (Gardiner, 2014). However according to a 2010 RICS survey, just 7% of 
contracts in use were NEC, with JCT still being the preference (Langdon, 2010). 
The NEC did cover 26% of the value of the work, with NEC projects often tending 
to be much larger; however just 1% of all contracts were formal partnering agree-
ments (Langdon, 2010). Suggesting that 16 years on, the Latham report may have 
not made as much of an impact as many think.

Following on from Egan and advancing Latham’s ideas with a further report 
Re-Thinking Construction in 1998, Egan looked at the supply chain in more detail, 
alongside the notion of continuous improvement. Egan also highlighted the need for 
a change to the culture and structure of the construction industry, who at the time, 
and some argue still, is unsupportive of any improvement (1998). His ideas at the 
time of his writing of the report were not however unfamiliar. Supply chain analysis 
and supply chain transparency are mainstream to the manufacturing industry, where 
partnering and production partners and shared learning are the common approach 
taken. There is respect and understanding in manufacturing that without each other 
they will not succeed, an idea which is yet to permeate the construction industry. 
The manufacturing industry employ longer-term partnerships with their tier 2 con-
tractors, also known as the ‘doers’ on any construction project; this has proven to 
lower cost through the efficiency of working over more than one project (Heathcote 
et  al., 2018). Egan however raised this idea of shared gains and argues for a 
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‘framework solution’ that utilised the ‘increased use of partnerships and long-term 
framework agreements [which] will help … deliver greater process efficiency’, ulti-
mately benefiting all parties (1998). Not only were these preferred contractual 
arrangements imagined to promote teamwork, but the facilitative leadership of the 
project manager would aim to create collaborative relationships with the various 
actors to the wider project team that made up any project’s supply chain. This was 
also an attempt at avoiding teams having to learn on the job at the client’s expense 
(1998). In theory an idea which although many do attempt to follow is difficult to 
implement due to the varying nature of projects and at times the desires or intent of 
contractors.

Dawkins analysed the works of Robert Axelrod, applying his research to the 
complexities of human nature to argue that ‘nice guys can finish first’, an idea which 
historically has not had much support (2006). Axelrod, fascinated by this simple 
gambling game, used the prisoner’s dilemma to look at various strategies applied by 
players of the game and how ‘successive rounds of the game give us the opportunity 
to build up trust, or mistrust, to reciprocate or placate, forgive or avenge’ (Dawkins, 
2006). Axelrod ran an open tournament inviting programmers to propose differing 
strategies towards the game. In Axelrod’s test, the most points achieved by a player 
was 600, where both parties cooperated consistently. Axelrod categorised coopera-
tive strategies as ‘nice’ strategies, which was defined as ‘one that is never the first to 
defect’ (Dawkins, 2006). The most prominent of these strategies was ‘Tit for Tat’ 
and was created by a professor of game theory, Anatol Rapoport. It is capable of 
defecting, but only in the form of retaliation. This is also known as a forgiving strat-
egy, one that is capable of retaliation, but had a short-term memory and ‘is swift to 
overlook old misdeeds [and] lets bygones be bygones’ (Dawkins, 2006). These 
approaches (nice and forgiving) scored much higher than other ‘nasty’ strategies 
that did hold grudges, and this was because ‘unforgiving strategies [didn’t] do very 
well [as cooperative and/or forgiving strategies] they can’t break out of runs of 
mutual recrimination’ (Dawkins, 2006). When Axelrod invited suggestions for 
strategies, out of the 15 that entered, 8 were nice strategies, and all eight were the 
top scoring ones. Following the outcome of this experiment, two schools of thought 
developed; nasty vs nice. As such a second competition was arranged, the nasty 
school worked to try and exploit the obvious nice strategies, with new nasty strate-
gies that could now exploit nice strategies that had been revealed by the earlier 
tournament. In many cases nasty strategies were able to exploit nice approaches; 
however the forgiving strategies again came out on top as they overcame the retaliat-
ing nature of nastier others. When the competition ran for a third time, some strate-
gies died out, others came more numerous, and after 1000 generations, stability was 
reached. Although these approaches were all ran through a computer programme, 
they can be applied to everyday life. For example, ‘always cooperate is not stable 
against invasion by nasty strategies such as always defect’, there needs to be some 
threat or action of recrimination; otherwise, just like in everyday life, your working 
environment, and very specifically the construction industry, you will be taken 
advantage of. Dawkins looked at the Tit for Tat approach and argued that ‘tit for tat 
individuals, cooperating with one another in cosy little enclaves, may prosper so 
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well that they grow from small local clusters, into larges [ones]’ (2006). In applying 
this to the construction industry, it could be argued that principal contractors, work-
ing collaboratively with their supply chain, may work to benefit and result in pros-
perous outcomes for all parties. Dawkins also argues that ‘individuals tend to 
resemble their immediate neighbours’ (2006). Where there is a perpetuating culture 
in specifically the UK construction industry, actions and approaches end up being 
copied and repeated as individuals move from company to company or onto differ-
ent projects, which also filters down to the whole design team, which, history can 
show, stagnates the development of ideas and progressive development. The non- 
envious approaches as highlighted by Axelrod and Dawkins are quite happy to win 
just as much as the other party, which is the notion and thinking of both Latham and 
Egan which asserts that partnering and collaboration are mutually beneficial for all 
parties.

Heathcote et al. highlight the common issue of game playing on construction 
contracts and argue that ‘far from removing cost uncertainty for the client organisa-
tion, and transfer risk to the contractor, this “game” increases it, and necessarily 
means that misinformation on progress is presented for much of the project’ (2018). 
The grounds for their research are based on the competitive nature of bidding, and 
the emphases based on the need to win. Contractors as such have developed an 
adversarial approach to ‘asymmetric negotiation’, where, essentially, they bluff 
their way onto construction contracts (Heathcote et al., 2018). The lack of structure 
within the tender process of the construction industry allows this to happen as the 
lack of barriers to new entrants, and in many cases old entrants, results in attractive 
yet unachievable bids being submitted. Once contracted, and the client then com-
mitted, the contractor then has the opportunity to build their profit margin through 
generating claims on the project, effectively exploiting the client (Heathcote et al., 
2018). There has been attempts to ‘blacklist’ contractors where this has happened, 
but due to this bid process and the nature of single projects not being moderated, 
this has been difficult to implement as for each tender the contractor is effectively 
starting from a clean slate (Heathcote et al., 2018). As the industry is susceptible to 
swings in the availability of work, plus these low barriers to new applicants, low 
bids are perpetually reinforced by these structural factors. McMeeken argued that 
despite the extensive research of many parties, most notably Latham and Egan, ‘its 
translation to in-situ construction can be said to have had a limited effect’ (2008). 
Cheung furthers this point by arguing that ‘“partnering” has been corrupted to rep-
resent the traditional adversarial approach with a different rhetoric’ (2003). Chan 
et al. go a step forward to better understand what partnering entails and what barri-
ers the construction industry has in place affecting its implementation. The 
Construction Industry Institute defines partnering as ‘a long-term commitment 
between two of more organisations for the purpose of achieving specific business 
objectives by maximising the effectiveness of each participants resources. This 
requires changing traditional relationships to a shared culture without regard to 
organisational boundaries. The relationship is based on trust, dedication to common 
goals, and an understanding of each other’s individual expectations and values’ 
(1991). Chan et al. also argued that ‘partnering can provide the basis for project 
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stakeholders to reorient themselves towards a win-win environment to problem 
solving and foster synergistic teamwork amongst them’ (2003). Although there is 
no singular definition or suggested approach to partnering, the general consensus is 
that partnering lowers the risk of cost overruns and delays as a result of better time 
and cost control over the project (Chan et al., 2003). Not only does partnering pro-
vide all of the above, if done correctly, but it also provides a framework for conflict 
resolution (Moore et al., 1992).

Partnering may not solve all the problems of the construction industry and is 
totally dependent on those who drive it; however, it is argued by some to have driven 
an increased opportunity for innovation (Chan et al., 2003). These may not be dras-
tic industry changing innovations although there is no limit, but merely value engi-
neering proposals born from the open communication and trust of partnering teams. 
Uher proposes that ‘partnering has nothing to do with old adversarial management 
practices… [and] embraces a new approach by way of trust, open communication, 
teamwork and shared goals’ (1999). As noted previously, the ideas raised by Uher 
and Chan of shared goals and win-win projects are not new and are well utilised 
throughout manufacturing. Outsiders may see these as common-sense approaches; 
however, the historical nature of the construction industry and culture construction 
professionals are raised in have bred hostility and mistrust. ‘Many parties do not 
trust the other party due to past experience and fear of the unknown’ (Larson, 1995). 
As such, this results in an ability or an unwillingness to change the myopic way of 
thinking (Chan et al. 2003). Trust may be affected by an individual’s past personal 
experience of litigation and dispute and operating in an adversarial relationship with 
the contract team (Albanese, 1994), whereas Cowan et al. take the pessimistic view 
that developing trust for a contractor, or a client, might be a risk in itself (1992). 
Furthermore, Cheung argues that partnering is paid lip service and is in fact a change 
in rhetoric only, not in behaviour (2003). If this is the case and a company or an 
industries’ commitment towards partnering is insincere, then it is bound to fail 
(Hellard, 1996). However, the fault may not be solely in the hands of top manage-
ment; Lazar argues the issue of a lack of understanding in mid-level staff and how 
to enforce partnering could be a factor as top management’s ideas and approaches 
have not filtered down (1997). Conversely, the commercial pressures on all levels of 
a company may affect the approach to partnering; even if top management is fully 
bought into partnering contracts, the demand of budget limitations and program-
ming constraints can result in a compromise to these values to get a project over the 
line for executive sign-off. As such Chan et al. focus on the requirement for ‘project 
stakeholders … to reach a balance between commercial interests and partnering 
attitudes’ (2003). As the research shows that adversarial behaviour negatively 
affects not only the project cost and delivery but may cause compromises down the 
line due to this, affecting the benefits realisation initially perceived by the stake-
holder. Chan looks at various notable research papers and key thinkers in the part-
nering management approach in order to whittle down the barriers to partnering to 
nine key areas. Realised through an analysis of this research to look into the fre-
quency of reference, these key areas are listed below:
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 1. Misunderstanding of the partnering concept
 2. Relationship problems
 3. Cultural barriers
 4. Uneven commitment
 5. Communication problems
 6. Lack of continued improvement
 7. Inefficient problem-solving
 8. Insufficient efforts to keep partnering going
 9. Discreditable relationships

Heathcote and Brayston argue that in order to overcome obstacles within a proj-
ect, such as those above, there is a significant advantage of the use of a facilitator to 
navigate the issues any project throws up (2017). The facilitator not only manages 
stakeholder expectation and drives the team towards an innovative approach that is 
valuable but also maintains objectivity throughout the process (Heathcote & 
Brayston, 2017). This approach, similar to that of supply chain transparency, instead 
looks at the individuals involved with the process and how to better utilise the team 
to better define a problem and thus accurately problem-solve, bringing all levels to 
work together instead of working against and even blaming each other. This pro-
duces a more valuable outcome and works to move forward instead of dwelling on 
past issues. It could be argued the rise of the prominence of project managers and 
their importance within a project is down to the valuable work they do as facilitators.

Kahneman and Tversky take a different perspective to that of Heathcote and 
Chan, as they argue the phenomenon of ‘The Planning Fallacy’ which find humans 
inherently optimistic and overconfident in their approach to planning (1979). 
Research has traced over optimisation in many areas of human cognition in every-
day life, coining the term ‘rose tinted glasses’, as we often exaggerate our own tal-
ents (Lovallo & Kahneman, 2003). It can be argued that these traits affect bid 
production as there will always be a lack of foresight and underestimation of the 
risks a project may throw up. Even the most experienced construction professionals 
may be susceptible to the planning fallacy, taking credit for any positive outcomes 
whilst attributing any negatives to external factors and bodies. This incites a reac-
tion from the other parties involved and could be a factor for adversarial behaviour. 
Supported by a large body of empirical research, Hofstader reiterates these findings 
stating, ‘it always takes longer than you expect, even when you take into account 
Hoftsader’s Law’ (1979). The recursive nature of the role and of projects does not 
necessarily result in learned behaviour as Kahnemen and Tversky argue that errors 
made are instead due to a disregard of risk (1979). The complexity of estimating a 
programme or cost for a project can also become overwhelming due to the melting 
pot of trades, materials, clients and consultants involved. What initially presents as 
over-optimism quickly turns to procrastination due to this complexity, ultimately 
affecting the bid submission (Brunnermeier et al., 2008). Flyvbjerg notes that these 
findings show that ‘project cost overruns and benefit underruns are significantly 
more common than cost underruns and benefit overruns’ (2018). In order to attempt 
to avoid this, Lovallo and Kahnmen look at the notion of reference class forecasting, 
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or an ‘outside view’ is a way we’re then able to frame the project and break down 
the complexities, providing checks and balances against our own ‘inside view’ 
(2003). In practice this may be easier for contracted to a framework agreement, as 
the similarity of the projects allows the project team to pre-empt any known risks 
and effectively price and plan for their resolution. This supports Egan’s view of the 
importance of frameworks to project success.

21.2  Research Review and Methodology

The following information provides justification for the method of research chosen 
for this study; in order to gain actual actions of construction professionals instead of 
their beliefs, an experimental strategy was used in order to gain clarity between their 
espoused opinions and true actions. Although they may perceive their approach to 
be collaborative, in action they may in fact behave adversarially dependent on the 
other parties’ reactions and responses. The adaptability of this approach lends itself 
to the majority of contexts.

The generalisability of this research however creates a limitation for the approach 
taken. The assumption that the results of this research will apply to other settings 
has been considered and is taken into account due to the complexity of society. This 
research applies to the UK, namely the Leeds construction scene, but however, due 
to the nature of the experiment, can readily be reconducted in various locations 
throughout the UK if not the world.

Research Method To test the inherent attitudes in the sample group towards coop-
erative and adversarial strategies, an experiment needed to be devised that allowed 
for the target group sample of construction professionals to be compared to a ran-
dom non-construction-based group; this dictated the use of an ‘unpaired’ design 
(Polit & Beck, 2012). But also, it required an experiment which would lead the 
subjects into revealing their inherent biases. The game, the ‘prisoner’s dilemma’, 
seemed to offer the perfect choice. The ‘prisoner’s dilemma’ has formed the base 
for investigations into ‘game theory’ for some time (Myerson, 1991), but in this 
study we sought to utilise it to detect adversarial tendencies that the subjects them-
selves might be unaware of.

Population and Sample The research is about testing a cooperative or competitive 
tendency of a particular professional group. The research had access to n = 3 distinct 
group samples; one was main contractors, the group most likely to be enveloped in 
a competitive culture. The second group was formed by a quantity surveying profes-
sional practice, whose practice worked only with clients that were in a partnering 
framework. Meaning that they did not have to engage in much tendering of competi-
tive bids, this group came from a competitive culture but had experienced more 
cooperative partnering, which may have had a moderating effect on their outlook. 
And thirdly, a control group is made up of people who were not involved in this 
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industry or were involved in contracting, who were expected to be the most coop-
erative players of the three sample groups.

21.3  Findings

The control group after n = 8 rounds of the ‘prisoner’s dilemma’ game were found 
to be the most cooperative, with a percentage of 63% cooperative strategies com-
pared to 37% defecting strategies.

The main contractor group after n = 8 rounds of the prisoner’s dilemma game 
were found to have a tendency to be more likely to defect than the control group, 
with a percentage of 36% cooperative to 64% defecting.

The project management framework partnership professional group after n = 10 
rounds of the ‘prisoner’s dilemma’ game were found to have a tendency to be more 
likely to defect than the control group, but less than the main contractor group, with 
a percentage of 45% cooperative to 55% defecting.

Both main contractor and project management framework groups included peo-
ple who were heavy defectors playing defect for either all or most plays. These 
strategies were explained by those players as ‘making sense to them, because it is 
the only way to avoid losing’. This is an interesting perspective, implying that not 
beating the other side was regarded as a loss. Only the control group included a 
game that was completely cooperating, which results in the best combined score. 
The project management framework group included a mix of strategies, but included 
games that were mostly cooperative, but not entirely cooperative. It would seem that 
maintaining a cooperative approach against a determined defector is a difficult task 
for even a player with a tendency to cooperate (Fig. 21.2).
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Fig. 21.2 Summary of game scores by group
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An ongoing lockdown in the UK due to COVID-19, during the period assigned 
for data collection, and the nature of the collection of this data, meant that the vol-
ume of results was limited. This was because meeting in groups and having access 
to offices was prohibited.

21.4  Discussion and Conclusions

Whilst the Quantity Surveyors working in a partnering framework employed more 
cooperative and less competitive strategies, than the Quantity Surveyors in the main 
contactor group, they were still notably more competitive when compared to the con-
trol group. Both professional groups displayed measurably greater tendencies towards 
competitive/adversarial strategies than the control group. The differential is notable 
(though might represent a type II error, due to being statistically underpowered), suf-
ficiently to warrant pursuing the research to achieve statistical significance.

Peter Drucker, the management guru, has been credited with suggesting that a 
company’s culture would trump any attempt to create a strategy that was incompat-
ible with its culture. These findings support the idea that the culture towards com-
petitive strategies is entrenched in UK construction industry’s professionals. 
Observably this has had far-reaching effects not readily overturned by nationally led 
studies which strongly purported a change to more cooperative ‘partnering’. This 
research’s support for an apparent cultural bias towards competitive tendencies 
offers an explanation for why numerous attempts to introduce a more partnership 
and collaborative approach to project contracting are resisted and fail in implemen-
tation in the UK construction industry. Notable within the findings are the extreme 
competitive strategies pursued by some of the intervention groups, whether there 
are in the main contractor or the project management framework groups. Although 
some nod towards more collaborative strategies were evident in the framework part-
nering group, that sample still included extreme examples of competitive strategies. 
Those approaches were not represented at all in the control group.

Moving towards a more collaborative and partnered approach that serves sustain-
able innovative outcomes for UK construction will have to include an industry 
change that also addresses the cultural bias found in this research.

Furthering the research to increase the volume of experimental games to a vol-
ume that permits the removal of the possibility of a type II error is recommended.
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Chapter 22
“Megaprojects to Mega-Uncertainty” Is 
About Risk Management to Perform

Charlene Chatelier, Adekunle S. Oyegoke, Saheed Ajayi, and John Heathcote

22.1  Introduction

Traditional project management methodologies revolved around sound technical 
and procedural factors, like scheduling, scoping, budgeting, risk management and 
quality assurance, amongst others. However, a high percentage of projects are still 
being reported as failed even with the use of these well-established methodologies 
and frameworks. In the case of megaprojects, only 35% succeed (Merrow, 2011), 
characterised as economical, technological, aesthetic or political (Flyvbjerg, 2013). 
Evidence confirms, based on the most common project success indicator, that only 
approximately one in a thousand projects manages to deliver on all three targets, 
illustrating that the success rate is dismissive (Flyvbjerg, 2017). This paper objects 
this destructive and dictated view because it builds a negative perspective on the 
performance of megaprojects.

These projects deserve better evaluation models, considering they normally 
attract investments well above $1 billion worth and include most likely intangible 
benefits, appealing long-term outcomes and very uncertain conditions ((Müller 
et al., 2012). The most common causes for these failures have directly been linked 
to cost and schedule overrun (Kaming et al., 1997), business case and scope creep 
(PMI, 2016), uncertainty (Lock, 2003), strategic risk (Forbes, 2017), risk manage-
ment (Oyegoke, 2019), criticality of people (Dvir et al., 2006) and perceptions and 
project complexity (Liu et al., 2016), amongst others.

Megaprojects are regarded as a multi-trillion-dollar global delivery model for 
large investments for most industries (mining, mineral processing plants, oil and 
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gas, IT, supply chains, aerospace, defence, mega-events like Rugby World Cup). It 
affects the way we shop as consumers, our energy bills, ways of travel and how we 
use everyday technology like the Internet. The current conservative valuation for the 
global megaproject market is USD 6–9 trillion per year, (Flyvbjerg, 2014). Frey 
(2017) continues to predict that megaproject spending will escalate within the next 
decade to around USD 22 trillion per year accounting for 24% of global gross 
domestic product (GDP). In this perspective that is larger than any nation’s GDP 
including China and America. Recently the largest project (China Belt) costs well 
over USD 1 trillion. That is more than the total market capitalisation of Apple.

The current global pandemic has further intensified the issue and put the perfor-
mance of megaprojects to its thorniest lifetime test yet, with megaprojects announced 
exponentially at all levels for social reconstruction and economic reform after the 
devastating impact of COVID-19. The outcomes (benefits and value) will be 
expected to be preserved for many years to come, considering the huge sacrifices 
made in terms of time, cost and scope. The audiences and stakeholders of these 
immediate projects will critically evaluate these projects’ successes based on out-
comes delivered, not on the time and not on the initial investment required; change 
is demanded and expected to be delivered at the sacrifice of time and cost. Roles of 
politicians changed overnight where they have become the steering project manag-
ers with a global audience and the fate of many lives depending on their navigations. 
The risk management employed throughout the pandemic will be crucial for the 
better value of life itself, with the outcomes impacting millions of lives not just 
today, this year or when a vaccine is available but for many generations to come. 
Worries are growing about GDP depletions, economic retractions, social value 
exploitations and serious health risks. Now with megaprojects identified as a deliv-
ery tool for major change and developments, the pressure to perform whilst preserv-
ing value has never been so significant.

Academic knowledge in megaprojects has therefore become more crucial con-
sidering the substantial impact big projects have socially, economically and envi-
ronmentally (Flyvbjerg et  al., 2003). Immediate, research attention is therefore 
required to better understand why the current theory in particular ‘the iron triangle’ 
is not enhancing performance but instead risks the deliverance of better outcomes 
for the staggering 90% failing megaprojects (Merrow, 2011) by enabling uncer-
tainty and subsequently risk based on the findings of this paper.

According to Bryde (2008), are not only the most cited but also the most used 
Iron Triangle criteria measures of project success. In their study relating to the proj-
ect manager’s experience of projects, White and Fortune (2002) found that the iron 
triangle was used as a primary way of defining project success by most project 
managers. Research by Müller and Turner (2007) stresses how the iron triangle is 
valued by both inexperienced and experienced project managers. This persistent 
popularity may be as a result of its simplicity. Subsequently explained by Jugdev 
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and Müller (2005) that when projects are delivered to these criteria, the declaration 
of success seems relatively simple or perhaps too simple for complex models like 
megaprojects to serve an effective purpose.

This paper is linked to a broader risk management research stream initiated and 
supported by Leeds Beckett University for PhD studies. The paper firstly recognises 
the failure or success indicators for megaprojects and then explores how these fac-
tors are incorporated or dealt with when evaluating performance analysing nine 
UK-based case studies:

(1) Firstly by the iron triplets. (2) Secondly by considering the increased com-
plexity and uncertainty of megaprojects in contemporary global project environ-
ments. The paper finally concludes that the data represented although not 
scientifically significant offer hope for a broader perspective of risk management to 
better influence the performance of megaprojects. Several hypotheses are drawn 
upon that call for more research and academic collaboration.

22.2  Literature Review

The so-called megaproject pathologies, i.e. the chronic budget overruns, and failure 
of such projects have highjacked the focus of literature, and relatively diminutive 
devotion has been given to the specific needs of evaluating large projects. This paper 
suggests that conceptualising megaprojects as both evolving and dynamic systems 
would provide a useful basis for performance evaluation. Literature is therefore 
drawn from two strands, success and failure criteria of megaprojects and how evalu-
ation for megaprojects might improve.

22.2.1  Project Performance Evaluation

Many government reports demonstrate that projects have been judged against time, 
cost and scope criteria (see IPA, 2017 report), and the results have not been promis-
ing, with nearly 65% of megaprojects failing to point out ICT projects have been 
particularly inclined to failure, with high percentages (around 80%) (Savolainen 
et al., 2012). Lastly, performance evaluation and transport infrastructure projects 
can be controversial according to Ika (2009), whilst Turner et al. (2012) reckon it is 
related to the time frame and stakeholder’s perspective.

Turning a blank eye on the ongoing ambiguity that exists regarding the determin-
ing factors for project success will continue to have significant consequences for 
how megaproject ‘success’ and ‘failure’ are defined, subsequently risking future 
stakeholder value or existing value depletion.
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22.2.2  A Review of the Iron Triangle

The ‘triangle’ has been criticised for putting too much emphasis on cost, time and 
scope. Not only does this limit the evaluation to other important factors like risk, 
benefits, value, stakeholders, etc. but narrows perspectives of how the project man-
ager or practitioner is being appraised or rewarded for their capabilities to meet 
these criteria (Wateridge, 1998). Several authors had suggested some improve-
ments; see a summary below in order of publication.

These adaptions, therefore, emphasise the inadequacies of this widely accepted 
method (Fig. 22.1).

The weight assigned to the Iron Triangle as the primary determinant for project 
success has been criticised by Atkinson (1999). He proclaimed that  is a 
‘phenomenon’ and Cost and Time ‘only guesses’ suggesting that the protects 
require a new criteria for success evaluation. This debate was supported by 
Gardiner and Stewart (2000), who estimated that about 50–70% of projects 
have a severe schedule and budget overruns, stressing that initial estimates 
are insufficient for weighing success, especially when used to benchmark 
management processes.

Fig. 22.1 Chatelier (2020)—Project criteria suggested over time adopted
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22.2.3  Subjectivity in Project Evaluation

It is well established that subjectivity is a factor that affects performance evaluation 
practices. Over the years, different methods have been projected for project evalua-
tion complexity whilst segregating complexity away from risk (He et  al., 2015). 
However, the recorded successes of these methods are not known especially in the 
context of these staggering failure rates and therefore excluded.

22.2.4  Differentiating Characteristics of Megaprojects

 Accepting Characteristics and Differentiating Megaprojects

It is not news that megaprojects are different from projects due to its multi- 
dimensional characteristics which differentiate itself from standard projects. 
Additionally, Merrow (2011) sets the expectation for megaprojects to be more 
visual due to these characteristics. Often megaprojects are characterised by long 
schedules stretching over decades worth over hundreds of millions or billions often 
affected by an enormous amount of uncertainties and risks (Bruzelius & Flyvbjerg, 
2002). These arguments should be acknowledged as they set precedent why the 
simplicity of the iron triangle does not compensate for the complexity of 
megaprojects.

Substantial Stakeholder Involvement

Megaprojects attract a lot of public attention; balancing stakeholder interest can 
become very political especially when there are negative implications. Numerous 
authors in literature have expressed the criticality of project stakeholder manage-
ment for project success (Boonstra et al., 2008). Findings from Mulholland (2019) 
study stresses the significance of following a processual and pluralistic approach 
about stakeholders demonstrating the need for a more focus. As both the amalgama-
tion and dismantle of stakeholder influences and interests as they evolve over the 
project life cycle, the evaluation of project success should, therefore, mirror this 
evolution of stakeholders.

Organisational Structure

Firstly, in megaproject sometimes referred to as meta-organisations, stakeholders/
core members or investment partners join at different time intervals, and these par-
ties have diverse priorities, beliefs, preferences and planning techniques, causing 
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major problems in collective action (Gil & Tether, 2011). Variance is often caused 
by structural changes, prone to megaprojects and not supported by the iron triplets. 
An automatic dissmal is triggered that might sent out a very negative view to society 
and stakeholder relying on the outputs or anticipated benefits.

Eccentric Cost

If delayed or altered, the cost implications could have huge significance for these 
projects. Flyvbjerg et al. (2003) advocate that extensive escalation of cost seems to 
be the norm for megaprojects, instead of the exception. Berechman and Chen (2011) 
accentuate risks associated with a cost overrun should be included in the decision- 
making process and project evaluation.

Extreme Time Delays

Influencing factors like government policies can cause major delays for these proj-
ects. Additionally, a study by Oyegoke and AI Kiyumi (2017) found that extra costs 
and project time overruns are the most significant effects causing delays for mega-
projects in Oman, therefore supporting the argument that forecasting both estimates 
of cost and schedules remains difficult for megaprojects. However, such difficulty 
ought to be considered for performance evaluation for a more accurate and engag-
ing reflection.

Complexity and Uncertainty

High-level complexity – Due to the uniqueness of these projects, their complexities 
are often not duplicated. There is a growing assumption that uncertainty is instigat-
ing complexity derived from project environments. According to the European 
Cooperation in Science and Technology (COST), megaprojects are characterised by 
‘extreme complexity (both in technical and human terms)’ Cost 2018. Chatelier 
(2020) suggested a model additionally assumes that uncertainty is simultaneously 
instigating risk management.

Unique First-Time Environments

Siggelkow and Rivkin (2009) stress performance is directed referring to interactions 
between low- and high-level choices and environmental factors (Bingham et  al., 
2009). Because of the first-time initiation factor quite often, there is no prior knowl-
edge of the political, social and technical conditions or legal and financial structures.
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Ability to Derive Exponential Benefits (Author, 2020)

In his book Megaprojects and Risk, Bent Flyvbjerg expresses megaprojects as quali-
tatively significant for both economic and social development stages (Flyvbjerg 
et al., 2003). The definition proposed by authors of Oxford Handbook of Megaproject 
Management best applies to the context of this paper ‘Megaprojects are large-scale, 
complex ventures that typically cost $1 billion or more, take many years to develop 
and build, involve multiple public and private stakeholders, are transformational, 
and impact millions of people’ (Flyvbjerg, 2017, p. 2).

Common consensus exists that the above dynamics have one denominator in 
common – direct impact on uncertainty; this general acceptance should therefore 
allow for these dimensions to be incorporated when evaluating project success.

22.2.5  Reasons for Megaproject Failure in Context 
of the Iron Triangle

Although the literature has highlighted several reasons why projects fail and even 
suggested solutions, not enough has been done to investigate and address the root 
cause of these failures as highlighted in the context of this paper with specific refer-
ence to megaprojects.

 Project Life Cycle

Considering the longer delivery period (5–10 years) for megaprojects, PMI (2016) 
indicates that project and benefits should be tracked throughout their life cycle from 
the project initiation stage up to execution and post-execution. There is no evidence 
that once the business case has been approved, projects are tracking and monitoring 
intended outcomes throughout the entire project. However, such reporting might be 
regarded as redundant if the project was misrepresented for funding purposes. 
Delays cause extension of the project life cycle and raise uncertainty based on influ-
encing variables.

 Business Case

It was argued by Pollack (2007) that projects are failing due to the mismatch 
between the project management literature which tends to assume that success is 
based on ‘the existence of a pre-existing business plan, with clearly defined goals 
and constraints, with goals that can be decomposed with clear customer require-
ments’ (Pollack, 2007, p.  217). However, his observation was contradictory in a 
sense that ‘highly detailed or rigid plans have been identified as limiting freedom to 
make decisions’ (Bohle et al., 2016).
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 Scope Creep

Very dynamic and multi-interpretable scope may change dramatically in the course 
of the development process, causing simple projects to turn into a manifold of ambi-
tion and complexity with a lot of complications.

 Limitations of the Iron Triangle

It was proposed by Van der Hoorn and Whitty (2015) that the iron triangle forms 
part of the artefacts identified in project management due to its lack of validity in 
relation to how projects are managed in practice.

In the construction industry, it was suggested by Collins and Baccarini (2004) 
that success in projects should surpass expectations for quality, cost and time objec-
tives. Toor and Ogunlana (2010) additionally noted that other pointers such as 
resource efficiency, safety, effectiveness, conflict and dispute reduction and stake-
holder satisfaction are progressively important for performance in construction.

De Wit’s (1988) highlighted that the iron triangle will only be classified as a 
traditional task-related criterion, based on early research work that distinguishes 
between psychosocial and tasks success criteria, thus excluding criteria such as 
stakeholder and customer satisfaction and team relationships.

The simple use of the iron triangle overshadows its adequate contribution to 
practice (Chatelier et al. 2020).

22.3  Research Methodology

The methodology used forms part of the proposed research currently under develop-
ment, but preliminary analysis has already yielded very interesting findings regard-
ing the future of megaproject performance.

An extensive literature review was initially performed. Followed by an inductive 
cross-case analysis, the technique adopted followed a structured process by using 
constructed cases to arrive at ‘cross-case’ trends. Theoretical propositions are then 
derived from these ‘patterns’. The approach is mainly inspired by Eisenhardt (1989); 
he consequently formulates a theoretical process where findings could be gener-
alised following the review of cases of a specific domain Eisenhardt (1989, p. 545). 
The multiple case study approach focused on one core question (Eisenhardt, 1989): 
Can the performance of megaprojects be successfully measured using traditional 
project management theory—the iron triangle? To address the previously men-
tioned, the paper sought to answer a set of secondary questions including what chal-
lenges and factors had constituted the successes or failures of megaprojects? What 
form of organisation is a megaproject? How does it differentiate from a standard 
project? Which actors influence performances for megaprojects? The qualitative 
data of nine case studies were collected from a series of different sources (published 
reports, project reports, journals and news articles) and collated into an Excel 
spreadsheet for easy reference.
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22.3.1  Originality/Value

However, Eisenhardt (1989) advised against adding cases when there is incremental 
improvement upon reaching theoretical saturation. Small convenience sampling 
was applied for this study, and therefore no scientific significance obtained; how-
ever, a greater sample would be recommended to increase validity.

The study has gone beyond the focus of previous literature highlighting endless 
listings of causes and cures of MP failures; instead, this paper critically analysed the 
performance criteria currently used and encouraged a new way of evaluating proj-
ects incorporating both internal and external factors especial uncertainty and risks 
for a more structured assessment when evaluating performance for a more objective 
success rate.

Based on data analysis, the following hypotheses were derived for future 
research:

H0 = Variance in time, quality and cost does not confirm if any value has been 
derived nor if the project has been successful.

H1 = Positive variance (in time, quality and cost) causes a reduction of uncer-
tainty and risks.

H2 = Negative variance (in time, quality and costs) causes an increase of uncer-
tainty and risks.

H3  =  Variance relates directly to the phenomena of uncertainty and risk 
management.

22.3.2  Research Limitations

 – Data associated with project outcomes are rich and qualitative, and conversion 
into a quantitative form is required analysis or interpretation. This process can be 
disreputably difficult; hence case studies have been limited to only nine cases for 
this paper.

 – Greater sample size will be required to obtain scientific significance.

22.4  Findings

The outcomes of project assessments were firstly based using the iron triplets and 
then based on a more flexible model/approach (Fig. 22.2). Refer to the next page for 
an illustration of how a contemporary review on the same factors linked to uncer-
tainty and influenced the overall success rate by 55% for these cases.

It was clear that benefits and outputs of these projects were mostly ignored dur-
ing evaluations or simply not assigned significant weight. All these projects derived 
variances, which resulted in failure based on the iron triplets. However, based on the 
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adopted model, variances were considered as interdepend factors for success and 
not sole determinants. An evaluation was also suggested to be carried out through-
out the project life cycle including post project to monitor uncertainty and risk rates 
for better performance.

Case Study Project Aim
Project
Start Date

Project
completion Cost variance

Project assessment
(Risk and Uncertainty)

Assessment,
Iron Triplets
(Cost, Time,
Quality) on
completion. Adopted Review Variance, Details and Analysis

Edinburgh Trams 
(1)

To improve accessibility, 
reduce conges�on and 
promote sustainability 
(Connect Edinburgh 
Airport to City centre and 
development areas). 2007 2014 328million

Cost and Time variance 
caused a rightwards shi� 
increasing uncertainty 
and risk levels. 
Whilst a le� shi� based 
on (q)variance reduced 
uncertainty and risk for 
successful delivery. Failed

CV=IUC+Risk
QV=DUC+Risk
TV=IUC+Risk
= Success

Highest customer sa�sfac�on rates in 
the UK.
Overspent, delayed
Completed to Specifica�on

Sco�sh parliament 
(2)

Building a parliament 
building for Scotland 1999 2004 414million

An overall increase in 
uncertainty and risk. Failed

CV= IUC+Risk
QV=IUC+Risk
TV=IUC+Risk
= Failed

Claimed to be out of context for the 
land it represents.
Overspend, delays, design
Not to specifica�on

NHS informa�on IT 
(3)

Centralised pa�ents e-
record system 2003

2013 -
ceased 

existence 

3.6billion
An overall increase in 
uncertainty and risk. Failed

CV= IUC+Risk
QV=IUC+Risk
TV=IUC+Risk
= Failed

By 2013 only 13 trusts received full 
pa�ent administra�on informa�on 
compared to the ordinal 169. 
Plague with delays, no inhouse system 
integra�on, the unreliability of the 
data, complaints
Not to scope

London Eye (4)
Monument to Mark the 
start of the century 1998 2000

The cost was 
declared to be 
75million 
higher than 
normal 
construc�on. 

Cost variance caused a 
rightwards shi� 
increasing uncertainty 
and risk levels. 
Whilst �me and quality 
variance led to a 
le�wards shi� based on 
reduced uncertainty and 
risk for successful 
delivery. Failed

CV= IUC+Risk
QV=DUC+Risk
TV=DUC+Risk
= Success

Highest Tourist A�rac�on, promising 
revenue and ROI. 
Most successful architectural project.
to scope specifica�on

London Olympics 
(5)

Host-Summer Olympic 
Games 2005 2012 157%

Cost and quality variance 
caused a rightwards shi� 
increasing uncertainty 
and risk levels. 
Whilst a le� shi� based 
on (t)variance reduced 
uncertainty and risk for 
successful delivery. Failed

CV= IUC+Risk
QV=IUC+Risk
TV=DUC+Risk
= Success

A poten�al source of economic 
income regenera�on
No to scope

UK Passport Agency 
(6)

Provision of passport 
services to Bri�sh 
Na�onals in the UK, most 
economically and 
promptly. 1991 285million

An overall increase in 
uncertainty and risk. Failed

CV= IUC+Risk
QV=IUC+Risk
TV= IUC+Risk
= Failed

UK customer sa�sfac�on Index 
currently at 76.9 or 0.8 points at the 
lowest level since July 2015. 
Failed

Portsmouth 
Spinnaker Tower (7)

Designed as a monument 
to commensurate 
millennium celebra�ons. 2001 2005 24.5million

Overall increase in 
uncertainty and risk. Failed

CV= IUC+Risk
QV=IUC+Risk
TV=IUC+Risk
= Failed

Residents had demanded the change 
of original Arabic design.
Over cost, delayed by 5years and not 
to specifica�ons.
No to scope

Channel Tunnel (8)

A railway tunnel 
connec�ng England and 
France. 1988 1994 11.4billion

Cost and Time variance 
caused a rightwards shi� 
increasing uncertainty 
and risk levels. 
Whilst a le� shi� based 
on (q)variance reduced 
uncertainty and risk for 
successful delivery. Failed

CV= IUC+Risk
QV=DUC+Risk
TV= IUC+Risk
= Success

Approximately 80million vehicles, 
185million Eurostar passengers, goods 
valued over, £150bn worth of goods, 
travelled through this tunnel since 
1994, including the Olympic Torch and 
Tour de France.
Cost overrun, delayed schedule
The variance from the original scope.

Thames Barrier (9)

A Movable barrier 
system to prevent 
floodplain. 1974 1984 0.1billion

Cost and Time variance 
caused a rightwards shi� 
increasing uncertainty 
and risk levels. 
Whilst a le� shi� based 
on (q)variance reduced 
uncertainty and risk for 
successful delivery. Failed

CV= IUC+Risk
QV=DUC+Risk
TV=IUC+Risk
= Success

Closed 186 �mes since opening to 
protect Greater London from floods, 
next review 2030 subject to climate 
change, but specialist review reckon 
can be delayed for 40 Completed yrs. 
The variance from original scope.

Fig. 22.2 Performance data of case studies based on the iron triangle constraints (Chatelier 2020). 
V variance, C cost, Q quality, T time, UC uncertainty, R risk, I increase, D decrease
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22.5  Discussions

22.5.1  The Fallacy of Traditional Project Management Theory

Whilst there are established approaches and guidance made available in the project 
management domain (BABOK, 2005 and PMI, 2008), they are only acceptable for 
projects, not megaprojects. Similarly, Mishra et al. (2015) also criticised historic 
economic techniques used for analysis to construct compatible future cash flows 
and proposed a framework for addressing uncertainty and risk for TIPs (transport 
investment projects) for both private and public institutions.

There has been commotion amongst researchers and practitioners that the con-
tinuance of project failure problems may be more closely associated with traditional 
project management (TPM) theory than expected. A well-presented example is crit-
ics that TPM centres around the efficiency of outputs based on elements of the iron 
triangle whilst paying less attention to processes that encourage value or benefit 
generation (AShurst et al., 2008; Remenyi and Sherwood-Smith, 1998). This paper 
supports this view; whilst the project environment has evolved over the last 50 years, 
the principles used to measure performance have stagnated.

Both the analysis of case studies on page 7 and literature demonstrate there is 
still much controversy regarding the overall evaluation of projects. A clear lack of 
understanding is evident when practitioners had simply accepted the impossible 
likelihood of success using the iron triplets whilst disregarding the uncertainty and 
risks instigated. Authors like Oisen (1971), Barnes (1988) and Weaver (2007) 
referred to these three factors as ‘The iron triangle of project management’ because 
of this strong cohesion in the project management domain.

Several other authors like Baccarini (1999), Cooke-Davies (2002) and Dvir et al. 
(2003) highlighted the differences between realising success by firstly delivering 
product specifications (measured against realised benefits of the project) and by 
secondly successfully managing the project (as per iron triangle constraints). In the 
context of the latter, a hospital operation can be successful based on the efficiency 
wrt (with regard to) money spent, but there will be no value derived if the patient 
does not survive.

The Contemporary Iron Triangle Performance advancing through levels is 
shown in Fig. 22.3 where the labels “Level 1,” “Level 2,” etc. are used to 
characterize uncertainty and risk levels. A project at Level 3 is experienc-
ing high levels of uncertainty and risks (3 or more unknown factors) com-
pared to projects at Level 2 (2xor more unknowns). Each vertex represents 
the project starting at 0 for the relevant constraint where a variance increase 
will cause a move to the right side of the triangle and reduction will trigger 
a move to the left.A variance to the right = increase in uncertainty and risk 
levels and vice versa.
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The authors of this paper challenge the way megaprojects are being evaluated 
using the popular ‘iron triangle’, arguing that the constraints originally shared by 
Dr. Martin Barnes in 1969 do not reflect the complexity and uncertainty of mega-
projects nor the contemporary changing project environments and more specifically 
cannot be extended for use within the megaproject domain. The use of these con-
straints is leading misinterpretation of what constitutes success for megaprojects 
and therefore should be declared obsolete. If not addressed, the issue has the poten-
tial to escalate the ambiguity within this dynamic domain where other constraints 
like stakeholder conflicts, resources levelling and strategic misinterpretation had 
become major challenges.

22.5.2  Case Study Analysis Based on the Iron Principles 
(Quality, Time and Costs)

Measuring project performance during its project’s life can help deal with scope 
creep. Dwain Wilcox CIO of Axial Corporations argued ‘As we see elements that 
would contribute to scope creep, we address it in risk management profile because 
scope creep is affecting the outcome of the project or the budget or resources; it is 
truly a risk that has to be managed’. He further insisted on classifications to be made 
by both size and scope for organisations to establish the right tracking and outcomes 
to pursue. Other researchers also suggested alternatives to quality; most popular 
interpretation is to replace quality with scope (e.g. Badewi, 2016; van Wyngaard 
et al., 2012). The paper will, however, retain the original constraints of the iron 
triangle throughout.

Both the Scottish parliament building and the Portsmouth tower had issues with 
the original designs which lead to significant time delays. In the case of the 
Portsmouth’s millennium tower meant for residents to celebrate the year 2000, 
unfortunately, the tower was later renamed as spinnaker due to missing the century 

Fig. 22.3 (a, b) Adopted from iron triangle (Albert, 1969)
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milestone. O’Brien (1998) and Ibbs et al. (2001) consider this as common practice 
for construction projects, causing not only significant variation to the contract dura-
tion (Ibbs et al., 1998) but to cost and scope. Regarding the suggested revised model, 
both uncertainty and risk had increased for all three factors, and therefore the proj-
ect has been declared a failure.

In the case of the London eye case review, which serves as a good example of the 
contradictory argument, this paper posits where the immediate outcome of the proj-
ect was regarded satisfactory due to early completion of 16 months instead of the 
expected 24 months. Delivered on the specification but because of the cost overrun, 
the most popular tourist attraction was deemed a failure according to the iron trip-
lets, though revived now as successful based on the model illustration (Fig. 22.2). 
Both the quality variance and time variance moving inwards towards the centre line 
of the triangle (reduction of risk and uncertainty) oppose to cost variance moving 
outwards, leading to an overall positive outcome. The project outcome will there-
fore be regarded as successful.

Although one could imagine that the Olympics games unlike other major proj-
ects share some likenesses and can learn from predecessors, the cost variance would, 
therefore, be expected to be much lesser compared to other major projects. On the 
contrary, the London 2012 summer games case revealed the costs at an astonishing 
15.0 billion USD and further proved to be the most expensive to date compared to 
other games like Beijing (2008) who achieved costings of 50% less and an overall 
variation of 2% compared to other destinations (Leslie-Carter et al., 2009). But 
Koch-Weser (2013) dims the spotlight by arguing that China has a reputation for 
lack of reliable economic reporting. Therefore, it is worth observing that clearly 
with such high variance percentages, there is no obligation from organisers that they 
have any intention to comply with the principles of the ‘iron triangle’. Because of 
the mitigated risk of non- deliverance at the sacrifice of cost, the project will still be 
considered successful as per the above-revised model taking into account the ben-
efits to all athletes, hosts and society outweighing that of the costs sacrificed.

Even though it was found that the Olympics are the most costly megaprojects 
across all industries with an average cost overrun of 156%, followed by IT at 107%, 
road constructions are the least at 20%. Mishra et  al. (2015) highlight that TIPs 
(transport investment projects) demand long-term maintenance and commitment 
due to its irrevocable investments but contribute to both direct and indirect costs 
(Ibbs et al., 1998). Even though the construction industry had made room for varia-
tions in contracts like the NEC3/4, performance indicators for the industry seem to 
lag. The revised model equally presents a reflection on both opportunities and 
risks—the Olympics could directly impact FDI and boost the economy.

The Channel Tunnel has been dismissed in literature as a permanent burden to 
the taxpayer and a definite failure. Poor collaboration between the French and 
English governments meant engineering works and designs caused major delays for 
this project. On the contrary, this paper argues that this project has successfully 
exceeded specifications, mitigating safety risks for all using the channel, at the sac-
rifice of cost and time. It is worth noting that some of the benefits include the £150bn 
worth of goods including fresh fruits and veggies being transported yearly, 
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consequently playing an integral role in trading with Europe; see case analysis for 
other benefits.

The Edinburgh trams received many critics about ruining the sight and naviga-
tion around the city when constructed, but years later obtaining the highest cus-
tomer satisfaction rates in the UK, another example that the quality output had 
outweighed the cost and time variance sacrifice for the projects.

All nine projects discussed had initially been condemned as a failure based on 
the iron triangle constraints, but it has become apparent that when thoroughly evalu-
ated accounting all outputs, uncertainty and risk mitigation of these projects had 
already delivered positive returns or have the ability to deliver these in the future. A 
revised success rate of 55% for these projects most definitely inspires hope for the 
future of megaprojects.

22.5.3  Risk Management in Complexity and Uncertainty

Lock (2003) highlighted ‘The principal identifying characteristic of a project is its 
novelty. It is a step into the unknown, fraught with risk and uncertainty’ (Lock, 
2003, p. 4). Project management theory tends to ‘solve’ this dilemma by proposing 
a risk management process. Franke (1993), who studied the correlation between 
risk management and project control, suggested the main task of taking control of 
the project is by reducing ambiguity whilst simultaneously linking risks associated 
with project delivery. However, the iron triangle theory contradicts the ‘problem- 
solving method’ by constraining the participating performance factors; thus more is 
unknown causing more uncertainty.

Turner and Zolin (2012), supported by Beier and Heathcote (2010), suggested 
two ways of coping with risk: (1) avoiding the uncertainties where possible or tak-
ing the responsibility to investigate the reason for uncertainties and if this could, in 
turn, become certain or (2) accept the existence of uncertainties and proactively 
manage them. Not much is explained by Turner on available methodology to turn 
the ‘uncertain’ to ‘certain’; the author would, therefore, suggest the third as (3) 
continuous testing, tracking, reviewing, resolving and accepting of new uncertain-
ties as the project environment changes and fourth as (4) maximising opportunities 
if viably presented by these uncertainties. Many theoretical authors including Paul 
Roberts (2013) encourage PMs to report on variance escalated but, however, do not 
provide any guidance on the root cause analysis for variance and corrective action 
anticipated. By providing an opportunity for risk and uncertainty to be taken into 
account when evaluations on project successes are completed. It sets a reflective 
platform which is most convenient and cost-effective for any root cause analysis of 
variance to be investigated asap. If managed well, it could reduce both uncertainty 
and complexity. From this perspective, the complexity appears not only as a prob-
lem but simultaneously an opportunity where mutual interdependencies would 
encourage coordination. It was suggested that the inevitable uncertainties in mega-
projects could enable harness benefit of reflexivity, adaptability and exploration of 
alternative pathways (e.g. Gelatt, 1989).
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22.5.4  Misinterpretation Justified: Hirschman’s Hiding Hand 
Theory (HHP)

Following the popularity of the iron triangle, many concluded that it was better to 
brush off the issues—literature was pointing out about the limitations of the iron 
law, especially for megaprojects. Alfred Hirschman was, however, keen to address 
these concerns by introducing the Hiding Hand in 1967. He argued that there is a 
rough balance in megaprojects: a tendency to underestimate the costs and problems 
of megaprojects, but similarly the tendency to underestimate the creativity with 
which people address the costs and problems that arise. Flyvbjerg later condemned 
this view as ‘beneficial ignorance’ as simply strategic misinterpretation and lack of 
accountability (2016).

This paper is not joining the parade on project failure rates but, instead, viewing 
the iron triangle as a didactic device, intended to communicate the relationship 
between time, cost and other potential criteria; the authors note that the triplet varia-
tions in megaprojects are not only interrelated but correlated with other active vari-
ables such as uncertainty risks, complexity, the achievability of requirements and 
the standard to which deliverables are produced.

However, due to the small sample size and research, a generalisation although 
apparent is not yet concluded until scientific significance is obtained using a larger 
sample size.

22.6  Summary and Conclusions

This review of the challenges facing megaprojects when evaluating performance 
finds still struggling with issues identified and at best only partially addressed for 
practice. The greater complexity and uncertainty that come with size serve to dem-
onstrate the cumulative impact of megaproject management’s contemporary issues.

The findings of this paper conclude that firstly the iron triangle should be declared 
obsolete or at the least adapted to include more relevant factors as illustrated on 
page 7. Secondly, there is a clear need for an introduction to a new way of evaluating 
megaprojects in line with their unique characteristics. Based on both literature and 
practice, the iron triangle certainly does not promote an accurate holistic view of 
how projects perform. More guidance is therefore needed for megaprojects to per-
form. Several hypotheses are proposed based on literature and cases presented for 
the incorporation of how this research develops.

Once the city is known for leading the world in delivering megaprojects, 
London’s risk management’s response with regard to the biggest challenge of its 
lifetime (COVID-19 pandemic) will not go unnoticed. The general assumption is 
probably relevant to the public service social act stipulating that projects ‘might 
improve the economic, social and environmental well-being of the relevant area’ 
(Public Services (Social Value) Act, 2012, p. 2).
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After the pandemic, the demands for risk management will only escalate with 
existing projects revaluating the need to save cost and be efficient to create more 
value, and therefore demanding accuracy when evaluating megaprojects has never 
been more essential. In this climate, there is an absolute urgent call for megaprojects 
to perform, but for megaprojects to perform, they need to step away from the iron 
triangle to reduce uncertainty and risk subsequently. To perform is to take a complex 
series of actions that integrate skills and knowledge to produce a valuable result. 
The model presented is therefore a stepping stone towards a holistic framework or 
strategy needed to address the problems faced by project managers in megaprojects. 
Developing performance is a journey, and the level of performance describes the 
location in the journey. Attention is drawn to uncertainty and risk management to 
help deliver meaningful successful projects for a better society and sustainable 
economies. This paper is, therefore, now declaring the triangle obsolete and any 
supporting theories including the HHP.

How wonderful that we have met with a paradox, now we have hope of making progress 
(Niels Bohr, 1996)

References

AShurst, C., Doherty, N. F., & Peppard, J. (2008). Improving the impact of IT devel-opment proj-
ects: The benefits realization capability model. European Journal of Information Systems, 
17(4), 352–370.

Atkinson, R. (1999). Project management: cost, time and quality, two best guesses and a phenom-
enon, its time to accept other success criteria. International Journal of Project Management, 
17(6), 337–342.

BABOK. (2005). A guide to business analysis body of knowledge. International Institute of 
Business Analysts.

Baccarini, D. (1999). The logical framework method for defining project success. Project 
Management Journal, 30(4), 25–32.

Badewi, A. (2016). The impact of project management (PM) and benefits management (BM) 
practices on project success: Towards developing a project benefits governance framework. 
International Journal of Project Management, 34, 761–778.

Barnes, M. (1988). Construction project management. Project Management, 6(2), 69–79.
Beier, M., & Heathcote, J. (2010). The early stages of project planning. Conference paper Leeds 

Metropolitan University, International Conference on Strategic Project Management.
Berechman, J., & Chen, L. (2011). Incorporating risk of cost overruns into transportation capital 

projects decision-making. Journal of Transport Economics and Policy, 45(1), 83–104.
Böhle, F. et al. (2016). A new orientation to deal with uncertainty in projects. International Journal 

of Project Management 34,1384–1392.
Boonstra, A., Boddy, D., & Bell, S. (2008). Stakeholder management in IOS projects: Analysis of 

an attempt to implement an electronic patient file. European Journal of Information Systems, 
17(2), 100–111.

Bruzelius, N., & Flyvbjerg, B. (2002). W. Rothengatter big decisions, big risks. Improving account-
ability in megaprojects. Transport Policy, 9(2), 143–154.

Bryde, D. J. (2008). Perceptions of the impact of project sponsorship practices on project success. 
International Journal of Project Management, 26(8), 800–809.

C. Chatelier et al.



293

Chatelier, et al. (2020). Seeds conference paper, Leeds Sustainability Institute, Leeds Beckett 
University, School of the Built Environment and Engineering.

Collins, A., & Baccarini, D. (2004). Project success – A survey. Journal of Construction Research, 
5(2), 211–231.

Cooke-Davies, T. (2002). The real success factors on projects. International Journal of Project 
Management, 20, 185–190.

De Wit, A. (1988). Measurement of project management success. International Journal of Project 
Management, 6(3), 164–170.

Dvir, D., Raz, T., & Shenhar, A. J. (2003). An empirical study of the relationship between project 
planning and project success. International Journal of Project Management, 21(2), 89–95.

Dvir et al. (2006). The future center as an urban innovation engine. Journal of Knowledge 
Management, 10(5), 110–123.

Eisenhardt, K. M. (1989). Building theories from case study research. Academy of Management 
Review, 14, 532–550.

Flyvbjerg, B. (2013). Quality control and due diligence in project management: Getting decisions 
right by taking the outside view. International Journal of Project Management, 31, 760–774.

Flyvbjerg, B. (2014). Planning and managing megaprojects: Essential readings (Vols. 1–2). 
Edward Elgar.

Flyvbjerg, B. (2016). The fallacy of beneficial ignorance: A test of hirschman’s hiding hand. World 
Development, 84, 176–189.

Flyvbjerg, B. (2017). The Oxford handbook of megaproject management (p.  2). Oxford 
University Press.

Flyvbjerg, B., Bruzelius, N., & Rothengatter, W. (2003). Megaprojects and risk: An anatomy of 
ambition. Cambridge University Press.

Forbes. (2017). https://www.forbes.com/sites/georgebradt/2017/11/08/why-you-must-take-a-stra-
tegic-approach-to-risk-management. (Assessed December 2019).

Frey, T. (2017). Megaprojects set to explode to 24% of global GDP within a decade.
Gardiner, P., & Stewart, K. (2000). Revisiting the golden triangle of cost, time and quality: the role 

of NPV in project control, success and failure. International Journal of Project Management, 
18, 251–256.

Gelatt, H. B. (1989). Positive uncertainty: A new decision-making framework for counseling. 
Journal of Counseling Psychology, 36(2), 252–256.

Gil, N., & Tether, B. S. (2011). Project risk management and design flexibility: Analysing a case 
and conditions of complementarity. Research Policy, 40(3), 415–428.

He, Q., Luo, L., Hu, Y., & Chan, P. C. (2015). Measuring the complexity of mega construction 
projects in China-A fuzzy analytic network process analysis, International Journal of Project 
Management, 33(3), 549–563.

Hirschman, A.O. (1969). Development projects observed. Institute of Development Studies 
Bulletin, 1(3), 22–25.

Ibbs, C. W., Lee, S. A., & Li, M.  I. (1998). Fast tracking’s impact on project change. Project 
Management Journal, 29(4), 35–41.

Ibbs, C. W,. Wong, C. K., & Kwak, Y. H. (2001). Project change management system. Journal of 
Management in Engineering, 17(3),159–65.

Ika, L. A. (2009). Project success as a topic in project management journals. Project Management 
Journal, 40(4), 69.

IPA Annual Report on Major Projects. (2017). https://www.gov.uk/government/publications/
national-infrastructure-and-construction-pipeline-2016. (Assessed, April 2020).

Jugdev, K., & Müller, R. (2005). A retrospective look at our evolving understanding of project 
success. Project Management Journal, 36(4), 19–31.

Kaming, P., Olomolaiye, P., Holt, G., & Harris, F. (1997). Factors influencing construction time and 
cost overruns on high-rise projects in Indonesia. Construction Management and Economics, 
15, 83–94.

Koch-Weser, I. N. (2013). The reliability of China’s economic data: An analysis of national output. 
US-China Economic and Security Review Commission, US Congress.

22 “Megaprojects to Mega-Uncertainty” Is About Risk Management to Perform

https://www.forbes.com/sites/georgebradt/2017/11/08/why-you-must-take-a-strategic-approach-to-risk-management
https://www.forbes.com/sites/georgebradt/2017/11/08/why-you-must-take-a-strategic-approach-to-risk-management
https://www.gov.uk/government/publications/national-infrastructure-and-construction-pipeline-2016
https://www.gov.uk/government/publications/national-infrastructure-and-construction-pipeline-2016


294

Leslie-Carter, R., Zou, P. X. W., & Tan, E. X. (2009). Managing international projects: a case 
study of the “water cube” aquatic centre for Beijing 2008 Olympic games. In: Dainty, A. (Ed) 
Procs 25th Annual ARCOM Conference, 7–9 September 2009, Nottingham, UK, Association 
of Researchers in Construction Management, 959–68.

Liu, Z., et al. (2016). Handling social risks in government-driven mega project: An empirical case 
study from West China. International Journal of Project Management, 34(2), 202–218.

Lock, D. (2003). Project management (8th ed.)
Merrow, E. (2011). Industrial megaprojects: Concepts, strategies, and practices for success. Wiley.
Mishra, S., Khasnabis, S., & Swain, S. (2015). Incorporating uncertainty and risk in transportation 

investment decision-making. Transportation Planning and Technology, 38(7), 738–760.
Mulholland, C., Chan, P. W., & Canning, K. (2019). Deconstructing social value in decommission-

ing: A case study of industrial heritage at Dounreay. In C. G., & A. K. A. R. Martin Loosemore 
(Eds.), Social value in construction. London: Routledge.

Müller, R., & Turner, R. (2007). The influence of project managers on project success criteria and 
project success by type of project. Eur Manag J 25(4), 298–309.

Müller, R., Geraldi, J., & Turner., J. R. (2012). Relationships between leadership and success 
in different types of project complexities. IEEE Transactions on Engineering Management, 
59(1), 77.

Niels Bohr (1996, quote) How wonderful that we have met with a paradox. Now we have some 
hope of making progress.: Niels Bohr – Place for writing thoughts. published independently by 
Spotnotebooks (March, 2020).

O’Brien, J. J. (1998). Construction change orders. McGraw Hill.
Oisen, R.  P. (1971). Can project management be defined? Project Management Quarterly, 

2(1), 12–14.
Oyegoke, A.  S., & AI Kiyumi, N. (2017). The causes, impacts and mitigations of delay in 

megaprojects in the Sultanate of Oman. Journal of Financial Management of Property and 
Construction, 22(3), 286–302.

Oyegoke, A. S., Awodele, O. A., & Ajayi, S. (2019). Managing construction risks and uncer-
tainties, A management procurement and contracts perspective. eBook Risk Management in 
Engineering and Construction, Imprint Routledge, 21.

PMI. (2008). A guide to project management body of knowledge. Project Management 
Institute (PMI).

PMI. (2016) . All rights reserved. “PMI”, the PMI logo, “Making project management indispens-
able for business results.” And “Pulse of the Profession” are marks of Project Management 
Institute, Inc. Project Management Institute.

Pollack, J. (2007). The changing paradigms of project management. International Journal of 
Project Management, 25(2007), 266–274.

Public Services (Social Value) Act (2012), Public Services (Social Value) Act 2012 (legislation.
gov.uk) (Assessed, April 2020).

Remenyi, D., & Sherwood-Smith, M. (1998). Business benefits from information systems through 
an active benefits realisation programme. International Journal of Project Management, 
16(2), 81–98.

Savolainen, P., Ahonen, J. J., & Richardson, I. (2012). Software development project success and 
failure from the supplier’s perspective: A systematic literature review. International Journal of 
Project Management, 30, 458–469.

Siggelkow, N., & Rivkin, J. W. (2009). Hiding the evidence of valid theories: How coupled search 
processes obscure performance differences among organizations. Administrative Science 
Quarterly, 54, 602–634.

Toor, S., & Ogunlana, S. (2010). Beyond the ‘iron triangle’: Stakeholder perception of key per-
formance indicators (KPIs) for large-scale public sector development projects. International 
Journal of Project Management, 28(3), 228–236.

C. Chatelier et al.



295

Turner, J. R., & Zolin, R., (2012). Forecasting success on large projects: developing reliable scales 
to predict multiple perspectives by multiple stakeholders over multiple time frames. Project 
Management Journal, 43(5), 87–99.

Van der Hoorn, B., & Whitty, S. (2015). Signs to dogma: A Heideggerian view of how artefacts 
distort the project world. International Journal of Project Management, 33(6), 1206–1219.

van Wyngaard, C., Pretorius, J., & Pretorius, L. (2012). Deliberating triple constraint trade-offs 
as polarities to manage – a refreshed perspective. Proceedings of the 2013 IEEE International 
Conference on Industrial Engineering and Engineering Management, IEEE Conference 
Publications: 1265–1272.

Wateridge, J. (1998). How can IS/IT projects be measured for success. International Journal of 
Project Management, 16(1), 59–63.

Weaver, P. (2007). The origins of modern project management. In: Fourth annual PMI college of 
scheduling conference, Proceedings mosaic project services. 15–18 April 2007.

White, D., & Fortune, J. (2002). Current practice in project management – An empirical study. 
International Journal of Project Management, 20(1), 1–11.

22 “Megaprojects to Mega-Uncertainty” Is About Risk Management to Perform



297© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. Gorse et al. (eds.), Climate Emergency – Managing, Building, and Delivering  
the Sustainable Development Goals, https://doi.org/10.1007/978-3-030-79450-7_23

Chapter 23
How Calls for New Theory Might Address 
Contemporary Issues Affecting 
the Management of Projects

John Heathcote

23.1  Introduction

Several observable issues persist in the contemporary practice in the management of 
projects. They perhaps serve to demonstrate that there is some unhealthy adherence 
to a set of practices that can be readily demonstrated to be flawed. These flaws have 
consequences for the management of projects in praxis, and many of the persistent 
issues around project management performance can be attached to these issues.

Project management (PM) appears to be a profession that has assimilated a lot of 
disparate tools, techniques and methods from other fields. It can be seen to contain 
much from preceding management philosophies in its professional so-called bodies 
of knowledge. These ‘bodies of knowledge’ prepared by the UK’s Association for 
Project Management (APM) and the US-based Project Management Institute (PMI) 
are themselves depositories of a collection of techniques and approaches that have 
grown almost exponentially over time, for instance, PMI 2000, PMI 2004, PMI 
2008, PMI 2013 (PMI, 2013) and the PMI BoK 2017 and the ‘bodies of knowledge’ 
from the APM issued in APM 1992, APM 1994, APM 1996, APM 2000, APM 
2006, APM 2012 and APM 2019. These professional body approaches have an 
important impact on the way the profession is conceptualised and place the main 
emphasis of the management of projects as a matter of following an appropriate 
toolkit of processes. The notion that project management might be reduced to a 
series of broad processes appears to have been influenced by quality management 
tenets but may be attempting to apply a quality management principle to too broad 
and variable an undertaking as a project. PM as a profession appears to react to 
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issues that arise by developing new process solutions, for instance, the growing 
acknowledgement that ‘stakeholders’ could dramatically influence projects saw the 
development of ‘stakeholder management’, a process which largely mimics a risk 
management process. This points to PM limiting its reactions to ones that belong to 
only in the ‘process school of thought’ as identified by Bredillet (2008). Morris 
(2009) points out that the positivist approach to project management (PM) is slowly 
learning it also needs to consider that our PM knowledge is largely socially con-
structed. Padalkar and Gopinath (2016) conducted a longitudinal systematic review 
of PM literature and noted that deterministic views focusing on the control of 
planned projects began to include work that sought explanations for project phe-
nomena (explanatory approaches) which was then joined by non-deterministic per-
spectives on projects developed by Morris and others since 2000. All these 
perspectives continue and, in parallel, perhaps create a greater confusion.

Writers on PM have noted that the ‘lived experience’ of those managing projects 
does not closely match that as presented by texts and professional bodies’ publica-
tions of process approaches. These approaches can be equated with deterministic 
approaches (Crawford et al., 2006; Morris, 1997, 2010; Svejvig & Anderson, 2015). 
Crawford et al. (2006) questioned whether project managers could be considered 
‘reflective professionals’ or ‘trained technicians’ with the tendency towards process- 
based solutions and the associated training presenting the role of PM as appearing 
to be about simply running through a set of processes/procedures. Crawford et al.’s 
(2006) implication is that this would not serve the complexity and challenges of a 
project in real life.

Acknowledging that there is a gap and an incongruence between practice in the 
management of projects and the general professional and textbook advice, academia 
has developed the rethinking project management agenda (Svejvig & Anderson, 
2015; Padalkar & Gopinath, 2016). This is examined later in the paper, but to set 
that rethinking in context, a review of persistent issues faced in the management of 
projects has been considered next, and this precedes a review of suggestions raised 
by the rethinking PM agenda.

This study utilises a grounded theory approach to bridge the gap between the 
rethinking agenda and the issues experienced in practice; these differences are 
referred to in literature, but not explicitly linked to the need for new theory. This 
study proposes new linkages between contemporary issues and need to evolve the-
ory for practice. The paper goes on to induct new theory that offers the potential to 
address how project and project management need to be reinterpreted to address 
issues experienced in practice.

23.2  Research Methodology

While explanatory research approaches commence with a theoretical position (Yin, 
1994), the approach taken for this study contrasts with the explanatory approach by 
taking an exploratory approach to arrive at grounded theory. To do this Strauss and 
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Corbin (1990) and Yin (1994) proposed collecting data and find themes and issues 
to follow up from that data. This can be translated as theory emerging from the 
process of data collection and analysis. This study therefore is an inductive approach, 
arriving at theory. The sampling approach taken with this study includes a selected 
sample from papers associated with the rethinking project management agenda 
(Winter et  al., 2006), and they are contrasted with a selection of contemporary 
issues that are repeating issues observable in the management of projects (Morris, 
1997, 2009; Flyvbjerg et al., 2009; Gray, 2010; Koskela & Howell, 2002; Morris 
et al., 2011; Lenfle & Loch, 2010; Morris, 2013; Söderland et al., 2012; Padalkar 
and Gopinath (2016); Carvalho & Rabechini Junior, 2015; Brady et  al., 2012; 
Crawford et al., 2006) and are selected by the author. The sample is deliberately 
selected to demonstrate the issues underpinning the difficulties experienced in the 
management of projects. This sample selection is therefore purposeful (Strauss & 
Corbin, 1990). Any bias introduced by the two samples’ purposeful selections is 
addressed by only arriving at grounded theory, for later hypothesis testing.

The study’s research aim then is to identify relationships between the data (see 
Table 23.1) and goes on to develop questions and hypotheses to test these as advo-
cated by Strauss and Corbin (1990) for these types of studies.

23.3  Literature, Secondary Data

23.3.1  Contemporary Issues in the Management of Projects

Defining Success There are several references to failure rates being high in the 
success of projects, but given that, identifying what success is may be quite variable. 
Defining a project’s success will depend on the perspective you are taking. If the 
measure of project success is judged by whether it meets the time schedule and cost 
budget set of the project at its approval to go ahead, few projects manage to achieve 
this. But where the benchmark of a time and cost plan also incorporates and is 
revised for any subsequent change requests provides a movable success measure. 
Whether changes to plan are incorporated might be unclear in any sample. Creating 
a problem for research where ‘project success’ is a measure sought as a comparator. 
Because a better measure of success for the project is to measure whether the 
intended ‘quality’ specification has been met, together with the time and cost, these 
three constraints (time, cost and quality) have formed a lasting, if over simple, idea 
of project success. Cooke-Davies (2002) points out though that ‘time, cost and qual-
ity’ ought to merely reflect ‘project management’ success and ‘project’ success 
might be something more nuanced. This problem of determining what represents 
‘project’ success arises because the underpinning theory of ‘project’ remains unde-
fined (Koskela & Howell, 2002). Several candidates for arriving at what represents 
project success are offered by the APM who suggested project success is repre-
sented by meeting ‘stakeholder satisfaction’; previously the approved constraints of 
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time, cost and quality specification budgets have been offered, and this remains a 
very prevalent notion in PM; and more recently the idea of benefits has been offered 
in the development of the theory of Programme Management, and this is sometimes 
used as a substitute for quality and otherwise seen as a locally interpreted derivative 
of the project’s host organisation’s strategic intent.

Aside from the problem of what a project is, there lacks a theoretical underpin-
ning for practice, so what a project is is uncertain, and consequently determining 
whether it has been delivered successfully or not becomes a matter of positioning. 
An additional number of ‘issues’ persist in the management of projects and form a 
repeating cadre of causes that the profession struggles to address with any perma-
nency. Attempts are made but those solutions tend to fail in application; this tends 
to lead to a criticism that the prescribed solution was not properly implemented. For 
instance, the UK’s NAO regularly suggested, following project audits, that more 
efforts should be producing more accurate planning estimates. This despite an 
understanding of this difficulty is explained and demonstrated with experimental 
science in the 1970s. Such a criticism of audited projects assumes that the uncer-
tainty of a project proposal can be accurately estimated and that other factors might 
serve to create further uncertainty and be either predicted and mitigated or else 
‘made up for’ once slippage has occurred. In fact, the notion that project managers 
will make up for poor performance in the project and will be addressed by creating 
better performance in subsequent tasks (the thermostat model) assumes float (or 
slack) always exists in budget allocations and that mediocre performance will be the 
norm. Clearly this is problematic.

The Planning Fallacy Kahneman and Tversky (1977) coined the phrase the plan-
ning fallacy to describe the effect of a ‘hard wired’ cognitive error that prevented 
human beings accurately making planning predictions (which would apply to both 
cost and schedule). They showed, using experimentally supported evidence, that 
humans have a natural and largely unavoidable tendency towards ‘optimism bias’ 
when planning. Later, Buehler et al. (1994) examined experimental work from the 
field of human economic behaviour, to show that expertise was no mitigation to the 
planning fallacy. Because planning and control are at the heart of project manage-
ment, it is difficult to understand quite why this key flaw does not feature more 
prominently in PM texts. Dealing with the consequences of the planning fallacy 
consumes normative PM through the application of more processes to planning 
activities to achieve the desired control of the project. This ‘controlling’ interpreta-
tion (Koskela & Howell, 2002) of the ‘management’ function for project manage-
ment is also referred to as the ‘engineering paradigm’ (because of the association of 
planning engineering and then ‘doing’ it), and yet the planning fallacy predicts that 
this will not address the issue of plans being optimistic/projects late. The planning 
fallacy and its attendant uncertainty and optimism biasing effects (for instance, 
Flyvbjerg et al. (2009) and Gray (2010)) identified optimism in project ‘business 
cases’ also creates other issues for the management of projects and although heavily 
interrelated are not always considered together. Nor is the planning fallacy a com-
monly understood issue in project management professional training or practice.
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Deterministic Planning One important effect of the planning fallacy is that the 
reliability of the project plan might itself be overstated. Koskela and Howell (2002), 
Morris et al. (2011), Lenfle and Loch (2010), Morris (2013), Söderland et al. (2012) 
and Padalkar and Gopinath (2016) all saw the deterministic treatment of the project 
plan as being important to understanding why the theory of project management is 
unable to address theories for practice in the management of projects. A determin-
istic plan assumption refers to the idea that the plan can be known, and where suf-
ficient effort made in the early stages of planning then the plan will be sufficiently 
accurate to allow it to be treated as a ‘benchmark’ (or ‘baseline’) against which 
progress and performance rates can be judged. The ‘planning fallacy’-related exper-
imentation (Kahneman & Tversky, 1977; Buehler et al., 1994) demonstrates this is 
unlikely, and any project is likely to encounter a series of risks; some might be 
anticipated but be of uncertain probability and others unknown and so unidentified. 
And yet the project management control paradigm (Brady et al., 2012; Padalkar & 
Gopinath, 2016) entirely relies on this idea of a baseline plan, set out in the ‘project 
definition’ and to which the ‘business case’ is usually appended (APM, 2012).

Together with the planning fallacy, and the resultant variability of reality creates 
uncertainty for projects, the tendency towards deterministic approaches adds a layer 
of unreality to the management of projects, as project teams, their managers and the 
contracting suppliers are obliged to create monitoring ‘plans’ that do not adequately 
‘model’ a more non-deterministic (or ‘probabilistic’) reality. It is easy to imagine 
that in such an environment, fallacious reporting is a necessary situation that project 
agents are pushed into meeting the expectations of sponsors and client organisation 
directors who are seeking certainty to reduce the risk, the risk the organisation is 
exposed to as a result of what might be the ‘risky’ significant capital investments 
that many projects represent.

Proprietary project management methodologies and explanatory approaches fur-
ther embed into normative PM a deterministic assumption. In the UK the APM’s 
encouragement of membership for PMs through a series of proprietary short courses 
oversimplifies the challenge of PM and presents a hard paradigm emphasis (the 
‘hard’ paradigm refers to PM as a series of processes and data tools and is con-
trasted with the ‘soft’ paradigm which emphasises ‘social issues, decision making, 
and values’, Pollack, 2007). An analogy for generalised project methodologies 
might be a recipe that is attempting to be representative of all dishes, from soup to 
salad! Project methodologies tend to represent single planning strategies (Prince2 
offers a ‘wave’ or ‘stage’ planning linear approach, with check-listing; DSDM 
offers a more agile, prototyping approach, with tasks as prioritised to-do lists); some 
of the methodologies include a consideration for, for example, team dynamics, as 
with DSDM. The growing popularity of ‘agile’ approaches, particularly for IT proj-
ects, invites flexibility in business cases by allowing for more rapid changes to con-
tent; usually this means doing less than was originally planned for. Crawford et al. 
(2006) saw the adoption of process methods for managing projects as reducing the 
PM role to one of ‘trained technicians’, intimating that a more ‘reflective practitio-
ner’ was what was required in practice.
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Managing Risk and Uncertainty Like the planning fallacy, Gigerenzer (2011, 
2013) points out the ‘risk’ is also typically misrepresented, with human beings fall-
ing prey to a ‘loss aversion’ bias they will be unconscious to (Kahneman, 2011; 
Sutherland, 2007). But risk management (RM) is central to the way that PM pres-
ents itself (Brady et  al., 2012). Although RM imagines that the uncertainty sur-
rounding project environments can be brought under control through iterative 
scanning for new risks, seek first to assess them (and score on the basis of probabil-
ity of occurrence and impact if they do happen), and then mitigate the risk so that 
they are ‘controlled’ or lessened. RM also recommends that, while this is happen-
ing, project teams prepare ‘contingency’ plans in case the mitigating efforts do not 
succeed. In this way the ‘risk management process’ looks like a ‘defence in depth’ 
of known uncertainties and an ongoing attempt to identify new uncertainties. Much 
work in PM has gone into developing more mathematical based approaches to cal-
culating risk, but these miss the key point that risk is itself a subjective impression 
and, as Gigerenzer establishes, cannot easily be accessed, and not by ‘gut feel and 
intuition’. Carvalho and Rabechini Junior (2015) showed how PM risk techniques 
proved ineffective for practice.. Gigerenzer uses large statistical data sets to reveal 
truths about known risk that are habitually mis-read, but such evidence is not always 
available to PMs and the evidence suggests that project workers will prioritise their 
own sense of risk putting this ahead of any data.

While undoubtably still worth doing, the limitations of risk management do not 
feature in the PM literature (Carvalho & Rabechini Junior, 2015); moreover, the 
project team could not hope to anticipate more than a few of the key risk items to a 
project. As it stands it might serve to further maintain a myth that the project can be 
‘controlled’ to a greater degree than is possible in practice.

False Performance Reporting Adversarial contracted teams, underbidding and 
business case exaggerations. Problems with adversarial behaviours leading to con-
tractual conflict between contracted parties on projects are a problem leading to 
poor teamworking and cooperation and a tendency to lose efficiency in work perfor-
mance. Long seen as a national industry-wide problem in the UK (Latham, 1994; 
Egan, 1998), this issue is important because much of project delivery (as a tempo-
rary endeavour) relies on the utilisation of contracted services from specialist con-
tracting organisations and their sub-contractors. Heathcote et al. (2019b) provided 
an explanation for adversarial contracting seeing it resulting from competitive bid-
ding pressures, in which game theory would predict that low bids are made to win 
tenders and then variation claims are fabricated to recover any underbid, during 
construction (Heathcote et  al., 2019b). Flyvbjerg et  al. (2009) and Gray (2010) 
showed how the client business cases for projects tended to underestimate cost fore-
casts, to achieve authorisation, a behaviour to which they both attributed the desire 
for client project managers to achieve authorisation for their projects regardless of 
the project’s actual viability. This has the effect of creating pressures to arrive at a 
lower contract price. Much effort has gone into attempting to address these pres-
sures; for contract bidding a move towards more ‘partnering’ approaches between 
contractors and clients and contractors and their supply chains has been generally 
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accepted and is ostensibly in practice. However, Cheung et al. (2003), Chan et al. 
(2006), Bresnen (2007), McMeeken (2008), Gadde and Dubois (2010) and Morris 
et al. (2011) all saw partnering approaches struggling in implementation, with ‘part-
nering’ being paid little more than ‘lip-service’, excluding most sub-contractors 
from partnering benefits, even [commercial] ‘bullying’ of supply chain sub-contrac-
tors, all of which further reinforces the tenacity of adversarial relationships and an 
adversarial culture to dominate the behaviour between contracted team members. 
Heathcote et al. (2019b) suggested that this meant that contactors, who might be 
significant contributors to a project, would need to be disguising progress from the 
client. Case study evidence of public sector projects (whose performance is a matter 
of public scrutiny and so visible), which have gone significantly awry from their 
original (on their easily measured time and cost budget) estimates, provides a growing 
body of evidence to support these hypotheses.

This may go some way towards explaining why the project management chal-
lenge is frequently referred to as being about the management of uncertainty 
(Cagliano et al., 2015), and this too alludes to a deterministic way of thinking.

Stakeholder Management In general normative PM (APM, 2006) treat ‘stake-
holders’ as risks to be managed, but more recently this management of stakeholders, 
in acknowledgement of their ability to influence the project, has evolved from ‘man-
age’ to ‘engage’ (Aaltonen & Kujala, 2010) and, consequently, multiple negotia-
tions are necessary throughout the project to avoid stakeholders from using their 
power to block the process (Van Rijswick & Salet, 2012, cited in Heathcote et al., 
2019a). However, without the tools that persist in PM for ‘managing’, stakeholders 
reflect a risk management process, with only Heathcote et al. (2019b) suggesting a 
more nuanced negotiated engagement. This approach from Heathcote et al. (2019b) 
departs from the preceding ‘controlling’ approaches to one where their interests 
must be engaged with and be addressed through negotiation, somewhat moving the 
paradigm away from controlling and towards an approach that seeks opportunities 
for mutual gain. This change asks for a reinterpretation of how projects should be 
managed and may not readily fit into the deterministic approach.

The Link to Strategy, Portfolio and Programme Management (and the 
Attendant Benefits Management) In its infancy in practice, and being highly 
variable, the theory of programme management alludes to both theories of project 
and expands it by including benefits (Lycett et al., 2004) (and so value generation, 
Heathcote and Ben Baha, 2019). The theory of programme management, however, 
makes benefits management the responsibility of superordinate roles of programme 
managers and allocates the delivery of ‘product’ outputs to the project teams. This 
demarcation might be very significant as it firmly retains the role of deterministic 
planned delivery of output ‘products’ with the project team and manager and 
reserves for the role of programme manager and programme team that of managing 
the benefits. Arguably projects are undertaken for the benefits they bring, and so 
benefits are a strategic concern and can be regarded as the intended strategic out-
come for the project. Arguably, all projects are strategic in nature then, but the exist-
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ing theory of programme management separates this issue of benefits from the 
project team. The application of programme management has been found to be 
limited (Shehu & Akintoye, 2009) and only available to organisations that can 
absorb the overhead of a coordinating bureaucracy that is normally associated with 
it and administered through a PMO (project management office). The emergence of 
programme management, which, unlike other PM processes, can be solely attrib-
uted to the field of project management, seeks to link projects more firmly to the 
organisational strategy and to provide further control oversight for senior decision- 
makers in the organisation (programme management is also forecasted as bringing 
some advantages that might arise from the ability to coordinate between related 
projects). Heathcote and Ben Baha (2019) found that their respondents were most 
concerned about the project-strategy link and remained concerned after the installa-
tion of programme management approaches, suggesting it is not easily applied in 
practice. They were able to hypothesise that H1 ‘The systems nature of projects and 
programmes means that the two should not be treat as separate disciplines, but 
rather interconnected and overlapping systems’; H2 ‘That without further develop-
ment, that addresses the control emphasis of some programmes, that programmes 
may serve to limit the creation of value by projects’.

Summary The control paradigm is based on a reductionist and deterministic 
approach that reduces project management to an emphasis on related deterministic 
planning assumptions that cannot be maintained in practice. Project management as 
a profession, supported by professional bodies, develops greater complexity in 
methods that seek to address control failures without addressing the underlying con-
ditions that bring these difficulties about. The difficulty in comparing unique project 
scenarios presents barriers to quantitative testing of the theory that normative PM 
relies on, further: that underpinning theory is not expressed or identified in PM lit-
erature, and academic writers have been obliged to induct theory from observed 
practice. Padalkar and Gopinath (2016) provide an example of this induction, iden-
tifying deterministic, explanatory and emerging non-deterministic interpretations in 
a longitudinal review of PM literature. This study considers next the emergent non- 
deterministic approaches that seek to create a route to better equipping project man-
agement in practice.

23.3.2  The Project Management Rethinking Agenda

Morris (1997, 2009), Crawford et al. (2006), Svejvig and Anderson (2015), Svejvig 
and Anderson (2015) and Padalkar and Gopinath (2016) acknowledged an incon-
gruence between practice in the management of projects (the ‘lived experience’) 
and the general professional and textbook advice, to which academia has developed 
the project management rethinking agenda. Linked to this is inadequacy of underly-
ing project management theory (Padalkar & Gopinath, 2016) and the need to estab-
lish an ‘explicit understanding of the theoretical basis of project management’ 
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(Pollack, 2007, p.  266). Padalkar and Gopinath (2016) suggested this confusion 
comes from ‘multiple perspectives, paradigms, methodologies and weak theories’ 
(p. 1316). Pollack (2007), Brady et al. (2012), and Padalkar and Gopinath (2016) 
proposed research that advocated a need to reconsider project paradigms and 
explore non-deterministic perspectives and consider the negative impact existing 
approaches were having on projects. Below four selected contributions to the 
rethinking agenda are presented:

Koskela and Howell (2002) identified two general theories of project in opera-
tion, one being about creation of a product and the transformational and flow of 
work to create that product (these theories see projects as the operation by which 
things are ‘built’); they might be an important contribution to the filed by highlight-
ing the theory of project also in action which emphasised value generation; this is 
important because this theory of project sees the project as having a more encom-
passing (strategic) purpose. The two theories can work together although theories of 
transformation and flow will always be sub-ordinate to that of the project being 
about the generation of ‘value’ (and it should be noted that value is a subjective and 
perhaps personal interpretation). They also sought to identify the dominant theories 
for management that PM invoked. Perhaps it is important that Koskela and Howell’s 
theories of project management do not appear to readily account for value genera-
tion (Fig. 23.1).

Winter et  al. (2006) reporting on ‘directions for future research in PM’ con-
cluded with Fig. 23.2. It is possible to determine from their conclusions a revising 
of the theory of project. They note that projects are ‘complex’ and need to under-
stand that complexity; that projects are ‘socially constructed by social processes’; 
and that this is important because projects are about value creation, concurring with 
Koskela and Howell’s interpretation and having the implication that projects will 
need to have a broader conceptualisation as a consequence of that ‘value’ interpreta-
tion. Implied in this is that project managers will be involved in other social pro-
cesses such as negotiation with other interests, and this will impact on how the role 
is enacted, away from operating processes (and away from collections of processes 
such as methodologies perhaps), towards the need for a more flexible and facilita-
tive role.

Subject of Theory Relevant theories

Project Transformational 
Flow
Value generation

Management Planning Management as planning;                   
Management as organising

Execution Classical comms theory;                  
Language/Action perspective

Controlling Thermostatic model;                                    
Scientific experimentation model

Fig. 23.1 Ingredients for a new theoretical foundation of project management (Koskela & 
Howell, 2002)
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Svejvig and Anderson (2015) reviewed selected works that compared classical 
project management, with rethinking project management, between 1995 and 2010; 
see Fig. 23.3.

They also perceived a move towards the theory of project being about value 
creation. They pick out projects as dealing with complexity and ‘emerging’; 
moving away from the control paradigm; and implying a link between value 
and organisational strategy. They also see the PM role as having to deal with 
this complexity and make the project about innovation and needing to be 
adaptive.

In Fig. 23.4 is included Dalcher’s (2017) commentary on how he perceives the 
implications for these emerging changes for projects and project management. 

Theory ABOUT Practice                                                   
Direction 1

The Lifecycle Model for Projects and PM Theories of the complexity of Projects and PM
FROM: the simple life-cycle based models of projects, as 
the dominant model of projects and project management.
And, FROM: the (often unexamined) assumption that the 
lifecycle model is assumed to be the actual ‘terrain’ (i.e. 
that the actual reality is ‘out there’ in the world).

TOWARDS: the development of new models and theories 
which recognise and illuminate the complexity of projects 
and PM at all levels.
And TOWARDS: new models and theories which are 
explicitly presented as only partial theories of the complex 
‘terrain’.

Implication
The need for multiple images to inform and guide action at all levels in the management of projects, rather than just the 

classical lifecycle model of project management, as the main guide to action, (with all its codified knowledge and 
techniques).  Note: theories ABOUT practice can also be used as theories FOR practice.

Theory FOR Practice                                                   
Direction 2

Projects as Instrumental Processes Projects as Social Processes
FROM: the instrumental lifecycle image of projects as a 
linear sequence of tasks to be performed on an objective 
entity ‘out there’, using codified knowledge, procedures 
and techniques, and based on an image of projects as 
temporary apolitical production processes. 

TOWARDS: concepts and images which focus on social 
interaction among people, illuminating the flux of events 
and human interaction, and the framing of projects (and 
the profession) within an array of social agenda, practices, 
stakeholder relations, politics and power. 

Direction 3
Product Creation as the Prime Focus Value Creation as the Prime Focus

FROM:  concepts and methodologies which focus on; 
product creation – the temporary production, 
development, or improvement of a physical product, 
system or facility etc. – and monitored and controlled 
against specification (quality), cost and time.

TOWARDS: concepts and frameworks which focus on 
value creation as the prime focus of projects, programmes 
and portfolios.  Note however: ‘value’ and ‘benefits’ as 
having multiple meanings linked to different purposes: 
organisational and individual 

Direction 4
Narrow Conceptualisation of Projects Broader Conceptualisation of Projects

FROM:  concepts and methodologies which are based on: 
the narrow conceptualisation that projects start from a 
well-defined objective ‘given’ at the start, and are named 
and framed around single disciplines, e.g. IT projects, 
construction projects, HR projects, etc. 

TOWARDS: concepts and approaches which facilitate 
broader and ongoing conceptualisation of projects as 
being multidisciplinary, having multiple purposes, not 
always pre-defined, but permeable, contestable and open 
to negotiation throughout.

Theory IN Practice
Direction 5

Practitioners as Trained Technicians Practitioners as Reflective Practitioners
FROM:  training and development which produces 
practitioners who can follow detailed procedures and 
techniques, prescribed by project management methods 
and tools, which embody some or all of the ideas and 
assumptions of the ‘from’ parts of 1 to 4.

TOWARDS: learning and development which facilitates: 
the development of reflective practitioners who can learn, 
operate and adapt effectively in complex project 
environments, through experience, intuition and the 
pragmatic application of theory in practice. 

Fig. 23.2 Directions for future research in project management: The main findings of an EPSRC 
research network (Winter et al., 2006)
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Dalcher identifies people as the subtitle to what can be seem as projects as social 
systems. His leadership category describes a facilitative approach that concurs with 
others. His broad contextualisation of the project environment reinterprets the proj-
ect in the social system, and the strategy of the organisation, and also adds a sustain-
ability perspective by including ‘long-term thinking’ which also adds to the value 
imperative. Like some others Dalcher also sees these changes as invoking the need 
to see projects as innovating.

A new theory of project might be distilled from these works presented in 
Figs.  23.1, 23.2, 23.3, and 23.4, as one of creating a valued outcome, as 
defined through facilitating a negotiation with the (open) social system that 
comprises internal (strategic) and external interests; acknowledging this will 
lead to an emergent (multiple) outcome(s) from necessarily multiple (and 
innovated) possibilities. Dealing with complexity often means that simplifica-
tions are developed that look at component parts of a larger whole. This might 
be what happened with PM. The rethinking project management agenda reas-
serts the complexity of the project as an ‘open system’ (Smyth & Morris, 
2007) which leads to multiple interactive variables without any constants. PM 
has attempted to create temporary constants (of the ‘plan’, the ‘business case’ 
or the ‘requirements’) but undermined the more wholistic reality of project 
context as it did so.

Fig. 23.3 Comparing classical project management with rethinking project management (Svejvig 
and Anderson 2015)
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23.4  Analysis

Identifying Key Themes [for further advances in project management] 

People: Normative PM overlooks considerations for ‘people’.  Human aspects need to be better addressed 
stakeholders, motivation, needs discovery, engagement, marketing, influencing, persuading and understanding of users 
and their role. Examples of such new methods include: Systemic evaluation of the spheres of influence; Driving 
stakeholder engagement by role and contribution; Determining the (human) pace of progress ; Repositioning projects as 
“social endeavours”; Focusing on gatekeepers, customers, client chains, and contractors as stakeholders; Utilizing choice 
engineering;  Fostering project resilience;  Considering the methodology of compelling behaviours.
Leadership: moving from managing to leading. Managing might be about certainty and a control- oriented perspective, 
while leadership points to a different and more varied skill set. The combination of uncertainty and a greater reliance on 
a network of participants requires a more organic approach emphasising influence, participation, and collaboration. 
Context: Projects rely on situational and contextual factors that managers need to understand. Interacting with projects 
in complex environments [might] require an awareness of the specific characteristics, including informational, 
contextual, strategic, geomorphological, geological, environmental, and public perception considerations and a 
willingness to experiment and adapt. 
Strategy: Project management is concerned with the delivery of projects, while projects link strategy and execution. 
Improving the alignment between strategy and execution requires strategic or organisational or portfolio level 
engagement from project professionals.  
Value: Projects are often created to satisfy strategic needs and objectives and therefore project management is 
increasingly called upon to deliver benefits and value. However, it is completed projects that satisfy users by 
subsequently providing benefits, and not project management per se. Benefit realisation and value delivery capability 
can be linked to projects, but only via a strategic, or organisational, frame of thinking that extends beyond execution. 
Long-term thinking: The long-term perspective is often invoked to consider ethics, decision making, return on 
investment, benefits realisation, value accumulation, decommissioning, extended life cycles and warranty periods. It is 
here that the distinction between temporal project management (focused on delivery to predefined schedules and 
budgets), and the sustained outcomes, and even outputs of a project, ... Sharing knowledge, resources and talent often 
requires organisational considerations that extend beyond any single project. Similarly, as project managers are asked 
to relate to a wider horizon, or adopt an extended life cycle, they enter a different level of conversation about the 
project and its impacts. They therefore need new ways of reasoning for this type of conversations such as employing 
new and extended methods of addressing multiple levels of success, timely engagement modes and ultimate project 
outcomes. 
Innovation: […] long term success comes from management innovation. Innovation and experimentation provide
essential learning opportunities for validating and improving performance. Moreover, adaptation, trial-and error and 
resilience enable managers to adjust and respond to the unknown. Innovation can lead to bold new suggestions; in the 
approach to managing projects, [and in project outcomes]. 

Fig. 23.4 Adapted from; PM World Journal, The Case for Further Advances in Project Management 
Vol. VI, Issue VIII—August 2017. Prof Darren Dalcher

Table 23.1 Summary of findings: how might the rethinking agenda’s conclusions support issues 
observable in contemporary management of projects’

Contemporary issues Rethinking agenda

Planning fallacy Interpreted as complexity and uncertainty in the rethinking agenda
Although addressed by avoidance, the agile methodologies seek to 
accommodate variance and scope and output uncertainty, by simply 
avoiding commitment to a scope
A ready ‘planning fallacy’ solution has been proffered in ‘reference class 
forecasting’
Plans need to accommodate multiple possibilities and probabilities on 
outcome Heathcote and Coates (2018) suggest thinking a project plans as 
‘modelling for analysis’

Proprietary project 
management 
methodologies and 
explanatory 
approaches

Not suitable for complex environments and open system project 
challenges. May also make the difficulty of understanding the project 
challenge worse by causing a comforting distraction
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23.5  Discussion and Concluding Hypotheses

The emerging trends identified by authors of the rethinking project management 
agenda move from deterministic and explanatory to non-deterministic paradigms 
and might imply that PM is changing, but observable in both practice and education 
and most notably in a plethora of professional training courses, and is the continued 
prevalence of the early theories of project that have a continuing pervasive presence. 
This means that there is a continuing presence of multiple theories which are some-
times incompatible. Underpinning the issue though is that of the ‘planning fallacy’. 
This known fallibility in plan forecasting might need to be acknowledged as an 
issue connected to the notion that projects are complex. Complexity is not some-
thing that recently happened as some PM texts suggest but was always a conse-
quence of uncertainty and probability.

Arising from the findings in Table 23.1, a preliminary new theory of project is 
proposed: projects seek to create a valued outcome, as defined through facilitating 
a negotiation with the (open) social system that comprises internal (strategic) and 
external interests; acknowledging this will lead to an emergent (multiple) outcome(s) 
from necessarily multiple (and innovated) possibilities.

Key to addressing the prevalent contemporary issues in the management might 
mean that an understanding of the competing theories of project is in operation. It 
would appear that the open system interpretation of projects as socially constructed 
value generators better fits and explains the problems experienced by approaches 
that rely on unexplored, untested and hidden theoretical premises that can be dem-
onstrated to be incomplete. Some contemporary and established project methods, 
such as the linear development impression created by waterfall proprietary project 
methodologies, and some programme management systems, such as the separation 

Contemporary issues Rethinking agenda

False performance 
reporting, in projects 
and from contractors

Hard paradigm models need to serve soft system possibility exploration 
to create innovation possibilities. Hard system artefacts like Gantt charts 
and cash flow can serve as models to facilitate risk identification and 
innovation opportunities. Heathcote and Coates (2018) suggest thinking 
a project plans as ‘modelling for analysis’

Hard paradigm 
emphasis, in social 
systems

Risk management
Stakeholder 
management

Value creation/generation should be the goal of projects, separation of 
benefits and products between programme/benefit roles, and project roles 
may not be useful and could be specifically harmful to a value-focussed 
theory of project, though the value interpretation most definitely brings a 
strategic focus to the theory of project which is crucial. The role of 
stakeholders internal (strategy makers/directors) and external (which 
could be thought of as the ‘market’) can be acknowledged in interpreting 
whether value is being added/created

Link to strategy, 
programme 
management
Contradicting 
theories of project in 
action. Value 
generation
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of project outputs from beneficial strategic outcomes, might be having a detrimental 
effect on the issues examined here. Approaches to contracting would also need to 
accommodate solutions to planning fallacies as an antecedent to the better design of 
contract/procurement strategies.

Some scientific work hints that the approaches identified might lead to more suit-
able approaches to managing projects: Heathcote and Coates (2018) proposed 
addressing this dilemma by considering plan development not as deterministic plans 
of how things are expected to happen, but to see the ‘plans’ instead as model[s] for 
analysis, methods by which multiple probabilities are anticipated, modelled and 
variously mitigated to create more valuable outcomes and showed how this approach 
leads to innovation for better project performance. Coates and Heathcote’s (2017) 
quantitative study provided statistically significant findings to demonstrate that such 
an approach would lead to time, cost and commercial/market benefits which outper-
formed the control group. Heathcote, Butlin, and Kazemi (2019) proposed ‘interest- 
based negotiation’ as a method for facilitating positive outcomes with stakeholder 
interests.

References

Aaltonen, K., & Kujala, J. (2010). A project lifecycle perspective on stakeholder influence strate-
gies in global projects. Scandinavian Journal of Management, 26, 381–397.

Association for Project Management. (2006). APM body of knowledge (5th ed.).
APM. (2012). APM body of knowledge (6th ed.). Association for Project Management.
Brady, T., Davies, A., & Nightingale, P. (2012). Classics in project management: Revisiting 

the past, creating the future. International Journal of Managing Projects in Business, 5(4), 
718–736.

Bredillet, C. N. (2008). Exploring research in project management: Nine schools of project man-
agement research (part 6). Project Management Journal, 39(3), 2–5.

Bresnen, M (2007). Deconstructing partnering in project-based organisation: Seven pillars, seven 
paradoxes and seven deadly sins. International Journal of Project Management, 25, 365–374.

Buehler, R., Griffin, D., & Ross, M. (1994). Exploring the ‘planning fallacy’: Why people under-
estimate their task completion times. Journal of Personality and Social Psychology, 67(3), 
366–381.

Cagliano, A., Grimaldi, S., & Rafele, C. (2015). Choosing project risk management techniques. A 
theoretical framework. Journal of Risk Research, 18(2), 232–248. http://ebscohost.com.

Carvalho, M., & Rabechini Junior, R. (2015). Impact of risk management on project performance: 
The importance of soft skills. International Journal of Production Research, 53(2), 321–340. 
http://ebscohost.com.

Chan, A. P. C., Chan, D. W. M., Fan, L. C. N., Lam, P. T. I., & Yeung, J. F. Y. (2006). Partnering 
for construction excellence – A reality or myth? Building and Environment, 41, 1924–1933.

Cheung, S.-O., Ng, T. S. T., Wong, S.-P., & Suen, H. C. H. (2003). Behavioural aspects in construc-
tion partnering. International Journal of Project Management, 21, 333–343.

Coates, A., & Heathcote, J. (2017). Measuring the impact of key planning principles on ‘Gross 
Margin’. SEEDS International Conference.

Cooke-Davies, T. (2002). The “real” success factors on projects. International Journal of Project 
Management, 20(3), 185–190.

J. Heathcote

http://ebscohost.com
http://ebscohost.com


311

Crawford, L., Morris, P., Thomas, J., & Winter, M. (2006). Practitioner development: From trained 
technicians to reflective practitioners. International Journal of Project Management, 24, 
722–733.

Dalcher, D. (2017). The case for further advances in project management. PM World Journal, 6(8).
Egan, J. (1998). Rethinking construction. Construction Task Force, London.
Flyvbjerg, B., Garbuio, M., & Lovallo, D. (2009). Delusion and deception in large infrastructure 

projects. California Management Review [Online], 51(2), 170–193. Available from: [Accessed 
27/03/2017].

Gadde, L., & Dubois, A. (2010). Partnering in the construction industry – problems and opportuni-
ties. Journal of Purchasing and Supply Management, 16, 254–263.

Gigerenzer, G. (2011). What Scientific concept would improve everyone’s cognitive toolkit? The 
Edge Question. https://www.edge.org/response- detail/10624

Gigerenzer, G. (2013). Risk Literacy TedZurich availabale online at https://www.youtube.com/
watch?v=g4op2WNc1e4.

Gray, B. (2010). The defence strategy for acquisition reform. MOD.
Heathcote, J., & Coates, A. (2018). Illustrating how a systems approach to modelling project plans 

improved innovation in operations. SEEDS International Conference.
Heathcote, J., & Ben Baha, G. (2019). An Investigation into the gap Between Programme 

Management theory and Practice. SEEDS International conference.
Heathcote, J., Butlin, C., & Kazemi, H. (2019a). Stakeholder management: Proposal for research; 

Do successful project managers employ ‘interest-based negotiation’ to create successful proj-
ect outcomes? In SEEDS International conference.

Heathcote, J., Kazemi, H., & Wilson, M. (2019b). Illustrating game playing on construction con-
tracts: The negative impact of procurement strategies. A proposal for research. In ARCOM 
international conference Leeds Beckett University.

Kahneman, D. (2011). Thinking, Fast and Slow. UK: Penguin Random House.
Kahneman, D., & Tversky, A. (1977). Intuitive prediction: Biases and corrective procedures. TIMS 

Studies in Management Science, 12, 313–327.
Koskela, L., & Howell, G. (2002). The underlying theory of project management is obsolete. In 

Proceedings of the PMI research conference 2002 (pp. 293–302).
Latham, M. (1994). Constructing the team: joint review of procurement and contractual arrange-

ments in the United Kingdom construction industry. London: Crown.
Lenfle, S., & Loch, C. (2010). Lost roots: How project management came to emphasise control 

over flexibility and novelty. USA: California Management Review, 53, 32–55.
Lycett, M., Rassau, A., & Danson, J. (2004). Programme management: A critical review. 

International Journal of Project Management, 22, 289–299.
McMeeken, R. (2008). Egan 10 years on. Available from [Accessed 4/04/2019].
Morris, P., Pito, J., & Sederlund, J. (2011). The Oxford handbook of project management. Oxford 

University Press.
Morris, P. (2013). Reconstructing project management. Wiley-Blackwell.
Morris, P.W.G. (1997). The Management of Projects. Thomas Telford.
Morris, P.W.G (2010) Research and the future of project management. International Journal 

of Managing Projects in Business [Online] 3(1), 139––146. Available from [Accessed 13th 
April 2020]

Padalkar, M., & Gopinath, S. (2016). Six decades of project management research: Thematic trends 
and future opportunities. International Journal of Project Management, 34(7), 1305–1321.

Pollack, J. (2007). The changing paradigms of project management. International Journal of 
Project Management, 25, 266–274.

Project Management Institute. (2013). A guide to the project management body of knowledge 
(PMBOK Guide), Fifth edition. Newtown Square, Pennsylvania.

Shehu, Z., & Akintoye, A. (2009). Construction programme management theory and practice: 
Contextual and pragmatic approach. International Journal of Project Management, 27(7), 
703–716. www.sciencedirect.com.

23 How Calls for New Theory Might Address Contemporary Issues Affecting…

https://www.edge.org/response-detail/10624
https://www.youtube.com/watch?v=g4op2WNc1e4
https://www.youtube.com/watch?v=g4op2WNc1e4
http://www.sciencedirect.com


312

Söderland, J., Geraldi, J., Brady, T., Davies, A., & Nightingale, P. (2012). Dealing with uncer-
tainty in complex projects: Revisiting Klein and Meckling. International Journal of Managing 
Projects in Business, 5(4), 718–736.

Strauss, A., & Corbin, J. (1990). Basics of qualitative research. Sage.
Sutherland, S. (2007). Irrationality. Cornwall: Pinter and Martin.
Svejvig, P., & Anderson, P. (2015). Rethinking project management: A structure literature review 

with a critical look at the brave new world. International Journal of Project Management, 33, 
278–290.

Smyth, H.  J., & Morris, P. W. G. (2007). An epistemological evaluation of research into proj-
ects and their management: Methodological issues. The International Journal of Project 
Management, 25(4), 423–436.

Van Rijswick, M., & Salet, W. (2012). Enabling the contextualization of legal rules in responsive 
strategies to climate change. Ecology and Society, 17(2), 18.

Winter, M., Smith, C., Morris, P., & Cicmil, S. (2006). Directions for future research in project 
management: The main findings of a UK government-funded research network. International 
Journal of Project Management, 24, 638–649.

Yin, R. K. (1994). Case study research: Design and methods. Sage.

J. Heathcote



313© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. Gorse et al. (eds.), Climate Emergency – Managing, Building, and Delivering  
the Sustainable Development Goals, https://doi.org/10.1007/978-3-030-79450-7_24

Chapter 24
Can Hard Paradigm Artefacts Support 
Soft Paradigm Imperatives? An Unpaired 
Comparative Experiment to Determine 
whether Visualisation of Data Is 
an Effective Collaboration 
and Communication Tool in Project 
Problem-Solving

Alison Davies and John Heathcote

24.1  Introduction

Project management is now prevalent across all sectors (Maylor, Brady, Cooke- 
Davies, & Hodgson, 2006; Pellegrinelli, 2011) and has developed beyond product 
delivery to encompass organisational change, the transformation of businesses and 
the implementation of strategies (Winter, Smith, Morris, & Cicmil, 2006, p. 638). 
This “projectification” (Midler, 1995, quoted in Maylor et  al., 2006, p. 663) has 
resulted in organisations adopting numerous PM practices and techniques to deliver 
change (Maylor, 2010). Nevertheless, despite decades of PM tools, approaches and 
processes, projects continue to fail (Morris, 2013; Pinto, 2013). Svejvig and 
Andersen (2015) suggest that classical PM methodologies based upon a hard, deter-
ministic paradigm of certainty and rational decision-making have “remained fairly 
static in the past” (Koskela & Howell, 2002, cited in Svejvig & Andersen, 2015, 
p.  278) and have proven inadequate in practice (Cicmil, Williams, Thomas, & 
Hodgson, 2006). This includes the failure to recognise and focus upon the front-end 
work to ensure problems are fully identified (Morris, 2013; Pinto & Winch, 2016) 
and effective decision-making takes place to identify optimum solutions (Shore, 
2008;  Samset & Volden, 2016), ensuring projects are delivered successfully and 
benefits realised. Indeed, Samset and Volden (2016, p. 301) add that “agreeing on 
the most effective solution to a problem and choice of concept need to be dealt with 
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as early as possible” as this work at the front-end phase is crucial to project success. 
Stingl and Geraldi (2017, p. 121) purport that decision-making is “integral to the 
management of projects”, which is supported by Pollack and Adler’s (2015, p. 247) 
research into keyword analysis of 95,000 unique records that revealed, “issues asso-
ciated with decision making are central to PM research”. Research has also consis-
tently identified effective communication as a key factor to project success (Rezvani 
et  al., 2016), and therefore team working and the identification of problems and 
agreement of solutions are essential; nevertheless effective team working is difficult 
to achieve (Stingl & Geraldi, 2017). However, behavioural economic theory states 
that human decision-making is flawed and prone to make the same mistakes repeat-
edly, such as loss aversion and availability error (Kahneman, 2012; Sutherland, 
2013), and “actual decision behaviour deviates strongly from the rational ideal” 
(Stingl & Geraldi, 2017, p. 121); therefore this poses a key challenge to project 
success.

Consequently there is a need to consider new ways of thinking about the PM 
discipline, and Pollack (2007) suggests a soft paradigm is required that focuses 
upon facilitation, participation and effective communication with stakeholders to 
address these contemporary issues; it seems the “primary problems of project man-
agers are not technical, but human” (Posner, 1987, quoted in Pollack, 2007, p.270). 
It appears that project managers are applying “practices that circumvent some of the 
problems encountered in the classical approach” (Svejvig & Andersen, 2015, 
p. 286). Hällgren and Sőderholm’s (2011) research demonstrates that project plans 
can be used in the hard paradigm model for tracking progress but also can be uti-
lised to enhance understanding and communication within the soft paradigm. 
Therefore, one approach to tackle the complex nature of decision-making in proj-
ects is to summarise the data into infographics. This visual representation of data in 
a graphic format can enhance understanding and communication as it allows for 
rapid summarising of data (Bititci, Cocca, & Ates, 2016) to identify themes and 
issues and can aid effective decision-making through the identification of possible 
problem and solutions. As a result, this research explores the use of the visualisation 
of data to address the problem of flawed decision-making, problem-solving and 
social processes within projects.

24.2  Project Management: Hard and Soft Paradigms

Growing theoretical disquiet (Pollack, 2007) among researchers and criticism of 
classical PM (Svejvig & Andersen, 2015) by senior practitioners have seen an emer-
gence of a RPM initiative, which identifies five directions for further research to 
address these concerns and to “connect it more closely to challenges of contempo-
rary project management practice” (Winter et al., 2006, p. 639). The initiative calls 
for new approaches in “project complexity, social process, value creation, project 
conceptualisation, and practitioner development” (Winter et al., 2006); this research 
draws upon the first four directions, in particular. The project complexity direction 
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suggests that a new way of thinking about projects is required, which is currently 
based upon a dominant literature (Padalkar & Gopinath, 2016) that is predicated 
upon a deterministic paradigm or “hard systems model” (Winter et al., 2006, p. 640), 
which centres upon control and certainty. However, RPM does not dismiss the hard 
paradigm of tools and techniques but suggests a need for considering project con-
ceptualisation in a new light, which encompasses a soft paradigm, focusing upon 
“people and participation” (Pollack, 2007, p. 270). Indeed, people are fundamental 
to value creation, and the need to focus upon problem-solving at the front end of 
projects is now widely recognised (Matinheikki, Artto, Peltokorpi, & Rajala, 2016; 
Morris, 2013; Samset & Volden, 2016). RPM calls for new approaches and holistic 
thinking to “assist practitioners at the messy front end” (Winter et al., 2006, p. 645) 
through problem-solving methods that combine the soft and hard aspects of proj-
ects. However, projects are inherently complex, which makes objective decision- 
making difficult, but one solution could be the use of visualisation of data to 
facilitate improved group interaction, decision-making and problem-solving. Eppler 
and Platts (2009) identify three main types of benefits for visual representation: 
cognitive, social and emotional, which would support the issues identified. Data 
represented visually would help a project group develop a common view of the 
information quickly, which would assist them in decision-making in a variety of 
ways including the identification of constraints, problems and possible solutions. It 
could be argued that visual representations are already used extensively in projects, 
such as Gantt charts, but they are used in a standardised format to track project 
progress and PM literature does not take into account these additional fields of study 
within practice to aid project success. As a result this research aims to contribute to 
RPM by exploring the concept that PM should focus on the human decision-making 
aspect to solve problems and consider whether the use of visual tools helps groups 
work more effectively together, facilitating better interaction, thus further develop-
ing practical application of PM. It may also advance project conceptualisation by 
examining whether hard paradigm artefacts can support soft paradigm imperatives 
and establish a conceptual link to replace this paradigmatic separation.

24.3  Visualisation and Cognitive Fit Theory

Visualisation of data is defined as the “collection, transformation and presentation 
of qualitative and quantitative data” (Al-Kassab, Ouertani, Schiuma, & Neely, 2014, 
p. 3), in a variety of visual formats including graphs, tables, bar charts, diagrams 
and infographics. According to Moore (2017), standalone data does not contribute 
to sense making, but when data is combined in a meaningful way, it generates 
knowledge that can assist decision-makers in problem-solving. As such visualisa-
tion of data in “a methodically developed graphic” (Moore, 2017, p. 130) presents 
an opportunity for decision-makers to gain “insights, develop understanding, iden-
tify patterns, trends or anomalies faster, and promote engaging discussions” 
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(Dasgupta et al., 2015, quoted in Moore, 2017, p. 130). It is a useful tool to present 
complex information and thus enable more effective group interaction (Moore, 2017).

Vessey and Galletta’s (1991) experimental study into the effectiveness of graphs 
versus tables in problem-solving resulted in development of cognitive fit theory, 
which draws upon consumer behaviour and behavioural decision theory. Cognitive 
fit theory (Fig. 24.1), which is the dominant theory within visualisation literature 
(Engin & Vetschera, 2017; Kopp, Riekert, & Utz, 2018; Teets, Tegarden, & Russell, 
2010), suggests that “for the most effective and efficient problem solving to occur, 
the problem representation and any tools or aids employed should all support the 
strategies, methods or processes, required to perform the task” (Vessey & Galletta, 
1991, p. 64).

According to Vessey and Galletta (1991), if the problem representation (visual 
data) fits the problem-solving task appropriately, then the problem-solver is able to 
formulate a mental representation of the problem, which will ultimately generate 
solutions quicker and more accurately (Teets et al., 2010). If, however, there is a 
mismatch between the problem representation and task, then cognitive fit will not 
occur, and the problem-solver will have to transform either the task or representa-
tion to allow for problem-solving (Vessey & Galletta, 1991).

Research identified that graphs are “spatial problem representations”, which 
“emphasize information about relationships in the data” (Vessey & Galletta, 1991, 
p. 67), and tables are “symbolic problem representations, which emphasize infor-
mation on discrete data values” (Vessey & Galletta, 1991, p.  67). Subsequent 
research has determined that the choice of visual representation significantly affects 
decision-making, and selecting the appropriate visual can therefore enhance 
problem- solving performance, for example, a spatial task would be best supported 
by graphical information (Moore, 2017; Teets et al., 2010).

In addition, cognitive load also plays an important role within cognitive fit theory 
and effective decision-making (Phillips, Prybutok, & Peak, 2014). Cognitive load is 
defined as the “mental effort on the part of the decision-maker” (Phillips et  al., 
2014, p. 375). If there is a mismatch between task and representation, then problem- 
solving becomes more difficult as the cognitive load becomes greater. The 

Problem Representation

Problem Solving Task

Mental Representation

Problem Solving Skill

Problem 
Solution

Fig. 24.1 Cognitive fit theory: problem-solving model (Vessey & Galletta, 1991)
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problem-solver needs to “expend more mental effort” (Phillips et al., 2014, p. 379), 
which results in the “resource consuming and effortful System 2 being replaced by 
heuristic methods of System 1” (Engin & Vetschera, 2017, p.96), thus reducing 
performance. The relevance of the visual representation is therefore important to 
reduce cognitive load, so that “cognitive resources remain available for deeply pro-
cessing and understanding the given material” (Kopp et al., 2018, p. 369).

Literature has highlighted a number of benefits in using visualisation of data 
including “cognitive, social and emotional” (Eppler & Platts, 2009). Visual data 
improves “synthesis of information” (Bititci et al., 2016, p. 1573) and facilitates 
pattern recognition and problem-solving. It also allows disparate groups to come 
together to gain a mutual understanding of issues, and from an emotional perspec-
tive, it “creates involvement and engagement, providing inspiration and convincing 
communication” (Bititci et al., 2016, p. 1573).

The benefits of visualisation as a decision-making tool have already been dis-
cussed and are incorporated within Eppler and Platts’s (2009) cognitive benefits. 
Visualisation as a means of knowledge management aids the transfer, sharing and 
creation of knowledge (Al-Kassab et al., 2014) by “operating as a catalyst for inter-
pretations” (Al-Kassab et al., 2014, p. 6). It could be argued that this function is 
linked to Eppler and Platt’s social benefit as it enhances shared learning. However, 
care is needed to avoid misrepresentation of data (Bititci et al., 2016) that may focus 
attention on partial information, thus distorting knowledge (Al-Kassab et al., 2014). 
Indeed Bresciani and Eppler (2015, p. 1) identified a number of “pitfalls of visual 
representations” and call for further research. The selection of an appropriate image 
or visual can ensure complex information is readily comprehensible (Al-Kassab 
et  al., 2014) and is therefore an effective communication medium. Visualisation 
improves communication and acts as a “collaboration catalyst” (Eppler & Bresciani, 
2013, p. 146), and it seems these two elements are intrinsically linked. The suitabil-
ity and fit of visual data used in this research are discussed in the Methodology 
section below. It appears that visualisation of data is an effective tool to aid decision- 
making and problem-solving in projects; however, there is limited literature in this 
area within the field of PM. Research tends to focus upon 3D visualisation (Jaber, 
Sharif, & Liu, 2016) often within the construction industry or on strategic decision- 
making (Killen, 2013; Killen & Kjaer, 2012) in a project portfolio setting. This 
research therefore contributes to a gap in the PM discipline, particularly relating to 
the use of visual data to enhance group collaboration and communication to improve 
problem-solving and decision-making.

24.4  Research Review and Methodology

There is a wealth of literature about the multi-disciplinary nature of PM and analy-
sis of research trends and themes (Kwak & Anbari, 2009; Padalkar & Gopinath, 
2016; Pollack & Adler, 2015). Smyth and Morris’ (2007, p. 433) epistemological 
evaluation of project research criticised the “lack of epistemological care taken in 
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the selection and application of research methodologies”, particularly relating to a 
positivist methodology and, for example, the use of contradictory case study 
approaches. Positivist epistemology explores human and social behaviour (Easterby- 
Smith, Thorpe, & Jackson, 2015), and this is “typically marked by an experimental 
design” (Stingl & Geraldi, 2017, p. 124). Stingl and Geraldi (2017) identified three 
schools of thought regarding behavioural decision-making in projects, and this 
research draws upon the reductionist school, which assumes decision-makers are 
cognitively limited (Lovallo & Kahneman, 2003). The methodology builds upon 
“the experimental approach of psychology and cognitive sciences” (Stingl & 
Geraldi, 2017, p. 124), and it is rooted in a positivist epistemology. As a result, an 
unpaired experimental design, with an independent variable (visualisation of data), 
will be conducted, which is expected to improve the dependent variable (improved 
collaboration and communication). Analysis of this empirical data will test the 
hypotheses defined below.

Research question: Does the visualisation of data facilitate improved group 
interaction?

Research Hypotheses.

H0 (null 
hypothesis):

There is no statistically significant relationship between the use of visual 
data and the facilitation of better interaction in a project group.

H1 (alternative 
hypothesis):

There is a statistically significant relationship between the use of visual 
data and the facilitation of better interaction in a project group.

24.5  Research Method

This study is based upon a postpositivist epistemology that tests whether visualisa-
tion of data can improve group communication and collaboration. Similarly, Killen’s 
(2013, p.  804) research explored use of visualisation of data to “support project 
portfolio decision making” and utilised a controlled experiment with a control 
group that only had tabular information and two other intervention groups, with dif-
fering visual data to determine whether data types impact upon decision-making. 
Experimental designs are generally conducted within the fields of psychology and 
economics and, as such, are not a method that is often used in PM (Killen, 2013), 
providing valuable experience within the discipline (Killen, 2013).

Research was conducted in a Hydra Suite laboratory, which is a laboratory-style 
facility, designed to create “critical decision immersive simulations” (Leeds Beckett, 
n.d.). Participants undertook a simulated problem-solving task so that the number of 
identified problems and solutions was recorded and therefore could be measured. 
The Hydra Suite laboratory allows for a controlled environment and removes mul-
tiple variables so that the focal variable (visual representation) can be tested. This 
comparative, true experiment (Robson, 2011) will test the difference between treat-
ment conditions, that is control (no treatment) and intervention groups (experiential 
treatment). The control group was presented with a typical business case, which is 
in text format, and asked to identify problems and possible improvements to the 
organisation; the intervention group was provided with the same information, but 
the independent variable was a visual representation of data. It is predicted that the 
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visual data will enhance collaboration, communication and problem-solving, and 
the number of outputs will be recorded and measured. In addition, the Hydra Suite 
laboratory has video recording capabilities so that observation of group interaction 
also took place.

Research has shown that charts and graphs reduce information overload (Kopp 
et al., 2018). To allow for participants’ cognitive style, which is a preference for how 
information is processed, a number of visual images were used; this ensures cogni-
tive load is not increased (Engin & Vetschera, 2017). The visual data included a 
Gantt chart depicting a standard manufacturing process, which also included a bar 
chart displaying financial information. Leach (2010, cited in Jaber et al., 2016) sug-
gests Gantt charts should be over-layered with budget information to provide a com-
prehensive overview of business processes. A separate infographic, which represents 
information from these other two visuals, was also provided. Details of the experi-
ment and outlining how the data was collected are shown below.

Upon arrival at the Hydra Suite laboratory, all participants received a short brief-
ing session about the experiment and randomly assigned to either control or inter-
vention groups; each group was assigned to a separate Hydra laboratory syndicate 
room to participate in the activity. Each room contained a briefing document, which 
provided instructions to the participants, for the 20-min group activity: view the 
documents provided in the room relating to the business case; identify problems 
with existing processes and possible options/solutions; and assign one person the 
task of writing the group’s ideas on the paper provided. The control group was pro-
vided with a text format only, which provided information about a typical manufac-
turing company. The intervention group was also provided with an independent 
variable, that is, the visual data. The researcher observed and recorded each group 
in the Hydra laboratory control room, and an example of an intervention group 
activity is shown in Figs. 24.2, 24.3, and 24.4.

Fig. 24.2 Video snapshot of experiment – intervention group
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Fig. 24.3 Intervention group interaction with visual documents

Fig. 24.4 Control group: individual focus on text only documents
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24.6  Research Results

Observationally (Fig. 24.2) interaction was evident, facilitated by the pictorial sche-
matics and Gantts. The Hydra Suite laboratory allowed for a recorded observation.

Observationally (Fig. 24.3) interaction was evident, facilitated by the pictorial 
schematics and Gantts.

Whereas the control groups initially worked through the text only documents 
individually (Fig. 24.4) and this delayed communication and collaboration to iden-
tify problems.

Overall participants in the intervention groups identified the first problem more 
quickly, which seems to suggest visual representation of data aids decision-making 
through easier identification of patterns and problems.

Interestingly, one participant in a control group drew a visualisation of the data 
to help synthesise the information, particularly relating to procurement, which she 
had identified as an issue. She explained to the group, “It’s difficult to think about 
processes and how they overlap.um. connect. I’m going to jump in and draw a little 
something for the procurement so I can see…so I can get my head around it”. This 
is important as it suggests the visual aid eased cognitive load and enabled the par-
ticipants to make sense of the information. As a result, the controlled environment 
became flawed, as a visual diagram was introduced, and therefore the outputs of this 
group were reclassified as an intervention group.

Figure 24.5 shows the number of problems and solutions following the redistri-
bution of data, and again the box and whisker plots show a visual difference between 
the intervention groups (1) and control groups (2).

In this instance an outlier was introduced in the number of problems identified, 
which skewed the results. Overall, however, findings show that there is a visual dif-
ference between the independent variable introduced to the intervention group, 
within the box and whisker plots. Nevertheless, the probability of results being due 

Fig. 24.5 No of problems and solutions identified
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to chance remains high. There is concern that behavioural economic experiments 
“are too often, too easily generalised and interpreted as general human attributes” 
(Berg, 2014,p. 228), and this is mirrored by Kahneman who admits that it is not 
“uncommon among psychologists to overestimate the reliability and validity of 
results based on small samples” (Kahneman, 2011, quoted in Berg, 2014, p. 228). 
The experiment set out to test whether the visualisation of data improved group 
interaction, but this research acknowledges on this occasion the number of itera-
tions of the experiment (N- = 7) resulted in insufficient data to arrive at statistical 
significance and therefore the null hypothesis (H0) could not be accepted or rejected. 
Although not conclusive, the additional observational notes do appear to support the 
alternative hypothesis (H1). It appears likely that statistical significance could be 
achieved as the experiment is based on sound methodology if additional iterations 
were conducted.

24.7  Conclusion

This study tackles a theoretical and contemporary challenge in practice that focuses 
upon flawed decision-making in projects. Firstly, this study confirmed that cognitive 
biases and two systems thinking identified and developed within behavioural eco-
nomic theory affect project success. This is due to a number of biases that hamper 
effective decision-making which provide an illusion of control and overconfidence 
in problem-solving, with a predetermined or first solution often being selected for 
project development. This research has focused upon the reductionist school of 
behavioural decision-making, which identifies these as predictable and deep-rooted 
errors. The dominant, hard, deterministic PM paradigm has remained fairly fixed 
and inadequate in practice, but a change in approach is needed, to address this 
decision- making issue, as projects become increasingly complex.

Secondly, the study revealed that visualisation of data could offer such a new 
approach to improved problem-solving, particularly at the front-end problem for-
mulation stage as it transforms complex data into an understandable format. It is 
dependent upon cognitive fit theory and the need to reduce cognitive load so that the 
visual data is matched to the problem-solving task. When this occurs, visualisation 
of data enhances understanding and forges a mutual understanding of the informa-
tion and shared knowledge, thus improving interaction and decision-making.

Thirdly, there was anticipation that the experimental analysis would reject the 
(H0) null hypothesis and support the (H1) alternative hypothesis to demonstrate that 
visualisation of data improves group interaction. Unfortunately, however, the study 
was underpowered and lacked statistical significance; therefore the H0 (null hypoth-
eses) could not be accepted or rejected. Nevertheless, the box and whisker plots 
showed a visual difference in favour of the intervention groups, and observations 
highlighted that there was better collaboration and communication, together with 
quicker problem identification in the intervention groups. Arguably, further 
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iterations could produce statistical significance, as the research methodology is 
sound and repeatable.

Finally, this research has determined that projects and project success are about 
people. People have to manage project complexity and uncertainty and undertake 
effective problem-solving processes at the neglected front end of projects to ensure 
they choose the right concept, and this is delivered effectively. Problem-solving and 
decision-making are intrinsically linked, but fundamentally human behavioural 
decision-making is flawed, which impacts directly upon project success. Armed 
with this knowledge, project environments can be changed, and a new holistic 
approach adopted to minimise these biases. Visualisation of data is used as a project 
management tool under the traditional dominant hard deterministic paradigm, but 
there is an opportunity to adopt new perspectives and use visual data to generate 
knowledge, effective communication and a mutual understanding of problems to aid 
quality decision-making. Effectively this would bring the two project management 
paradigms together and in response to Pinto (2013) would stop making our lives 
more difficult than necessary.

24.8  Limitations

The main weakness and limitation of this study are the number of participants 
recruited was an insufficient sample size to achieve statistical significance and 
therefore the (H0) null hypothesis could not be accepted or rejected. Therefore, 
results could not be generalised to the population.
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Chapter 25
Collusion within the UK Construction 
Industry, An Ethical Dilemma

Joseph Thorp and Hadi Kazemi

25.1  Introduction

Comparatively, the construction industry is one of the most powerful economic 
drivers in the UK – with the scope to be one of the most prominent and economi-
cally available industries worldwide. In 2018, the construction contributed £117 
billion to the UK economy, 6% of GDP (Rhodes, 2019). Due to the lucrative nature 
of the industry, it is increasingly common that businesses and corporations alike do 
the upmost to generate high revenues, thus maximising profit margins and meeting 
essential capitalist business objectives. However, due to the competitive nature of 
markets, individuals or corporations might find themselves conspiring in collusive 
activities to bypass ethical and legal boundaries and be the beneficiaries of mone-
tary gain. Collusive activities in the construction industry can take various forms. 
These comprise bidding – via suppression and rotation; market division and shar-
ing; collusion within public and private sectors; as well as collusion deriving from 
the relationships between clients, main contractors, sub-contractors and suppliers 
(Shan et al., 2020). The taxpayer within the UK provides substantial funding for 
public construction projects. But a major talking point is whether the public are 
aware that they are potentially providing the funds to fuel cartel activities. The 
Office of Fair Trading (OFT) was responsible for protecting consumer interests 
throughout the UK. Since its closure in April 2014, however, the question remains 
over the prevalence of collusion in the UK construction industry and the perception 
of individuals regarding collusive activities and possible  penalties imposed as a 
result of being involved in such activities. The aim of this study, therefore, is to 
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develop a comparative study and investigate the potential of collusion in the UK 
construction industry compared to overseas examples. In addition, this paper will 
discuss and review the impact of collusion and the risks associated with it and anal-
yse benchmark trends of overseas construction industries and the potential for the 
issue to occur in the UK.

25.2  Literature Review

Construction industry is a lucrative market, and the fierce competition in the market 
means organisations do the upmost to generate higher revenues whilst reducing cost 
deficits, a vital business success strategy. Consequently, there is a potential for 
unethical and corruptive practice to gain bigger benefits. Chotibhongs and Arditi’s 
(2012) work provides a good example of an opinionated stance on the issue of col-
lusion within the construction industry who refer to collusion as an insidious issue 
within the construction industry globally. They further suggest that despite a wide 
acknowledgement about unethical and illegal practice in the industry, there is a lack 
of detailed research to ‘detect collusive bidding’. In their work, Chotibhongs and 
Arditi (2012) investigate potential methods of detection of collusion – in particular, 
collusive bidding – in North America and Canada.

Harding and Joshua (2010) share similar stance and come up with the idea of 
‘business cartels’ referring to firms that in the same market control competition 
between them by fixing prices, sharing markets or rigging tendering procedures. 
This observation also suggests the concealment of illegal conduct from their most 
important influencers, the customers. In addition, it is stressed that business cartels 
must also conceal their illegal identity from non-participants and internal and exter-
nal watchdogs (Baker & Faulkner, 1993). In another study, Wells (2014) provides an 
overview of corruption and collusion within the construction industry and refers to 
construction sector as being ‘one of the most corrupt globally’. This view is 
enhanced by the fact that, in relation to the charts of Transparency International’s 
Bribe Payer’s Index, public works and construction often top such charts and are 
‘perceived as the sector most likely to engage in bribery’ (Hardoon & Heinrich, 
2011). Furthermore, it is stated that an estimated 20–30% of the value of projects 
were lost through widespread corruption including collusion. Wells (2014) identi-
fies 13 reasons behind collusion, ranging from a company’s size, complexity, 
uniqueness and the fact that all projects go through many phases which involves 
various contractual links that, in turn, results in accountability to be dispersed 
among numerous separate agents. This point sounds extremely valid and provides 
clarity to the issue as to why it has become so prevalent in contemporary businesses. 
There is an implied positive correlation here which suggests that as more contrac-
tual links and networks of connection are created, accountability of the issue dimin-
ishes as it becomes more difficult to find out where such collusion has unfolded. 
Furthermore, within her view of corruption in construction, Wells (2014) embold-
ens the collusion to allocate contracts as a major issue.
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In comparative terms, there is a level of certainty surrounding the existing evi-
dence to suggest that from previous investigations, cartel and collusive bidding are 
predominantly originated from developed countries. More specifically, the Integrity 
Department (INT) of the World Bank reports on the prevalence of collusion in roads 
sector in a large number of developing countries, including Kenya, Tanzania, 
Uganda, Cambodia, Philippines, Indonesia, Nepal, Pakistan, parts of India as well 
as Colombia and Peru (World Bank, 2011). Nevertheless, in comparison to the point 
that collusion does not always mean higher prices, Dorée (2004) raises the case of 
contractors involved in collusion in the Dutch construction industry where shielding 
business against predatory pricing helped the contractors to reduce uncertainty 
about future workload fluctuations. This is an intuitive argument as it provides a 
reasonable and thorough evaluation of the notion of collusion with complementari-
ties such as the fact it reduced rivalry and created a more stable and predictable 
market environment (Wells, 2014). In another example, Jaspers (2018) unfolds bid 
rigging, corruption, illegal financing of political parties, and the infiltration of 
organised crime in the local construction industry in the province of Quebec between 
1996 and 2011. Moreover, Jones and Kovacic (2019) support the indication of col-
lusive practices in public sector construction projects in the USA.  In their view, 
public procurement systems render companies to distort through both corruption 
and stable supplier collusion by covering bidding, market and customer allocation 
or bid rotation. Accordingly, they signify that bid rigging wastes public funds and 
diminishes public confidence in the competitive process and, within the govern-
ment, reduces the quantity and quality of vital goods and services.

Within the UK context, and in contrast to the statistical approach adopted by the 
Chinese and USA government to conclude an obvious prevalence of collusion 
within construction, Lee and Cullen (2018) provide an insight into professional eth-
ics within quantity surveying sector. According to them, construction industry is 
believed to be one of the most corrupt industries in the world, and such practices are 
present in all stages of a project’s life cycle by means of tender collusion and other 
corrupt practices. This view, also acknowledged by Transparency International 
(2011), follows the general idea set out by Le and Shan (2014) and Jones and 
Kovacic (2019) that the construction industry is facing problems involving the 
legality of practices. Furthermore, reviewing the work of Grant Thornton (2013), 
Lee and Cullen (2018) signify that collusion has been viewed as ‘endemic’ in the 
UK construction industry. Where Le and Shan (2014) and Jones and Kovacic (2019) 
fail to incorporate professional ethics, Lee and Cullen (2018) find this a necessity 
and develop the argument around the need of codes of conduct, more specifically 
the Rules of Conduct, whereby each member of the RICS (Royal Institute of 
Chartered Surveyors) is required to abide by these rules. Nonetheless, Bowen et al. 
(2007) suggest that the use of codes of conduct does not guarantee active adoption 
by members. Oke et al. (2017) conducted a methodology to examine the causes of 
collusion in the South African construction industry and revealed that collusive 
activities are extremely prevalent in road projects within public construction 
domain. It concluded that the top three causes of collusion within the industry 
derived from contractor greed, political influence, and poor ethics and corporate 
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governance, the latter supporting the notion of Lee and Cullen (2018) that profes-
sional ethics and the ignorance by professionals to Codes of Conduct play a funda-
mental role in collusion within not just the UK construction industry but the 
construction industry inter-continentally. Shah and Alotaibi (2018) follows the view 
that ethical misconduct is evident within the UK construction industry mentioning 
that collusion and other unethical conducts are prevalent in the industry. However, 
Shah and Alotaibi (2018) is quick to dismiss the fact that unethical behaviours are 
not always down to a lack of knowledge on the issue, but rather a piece of the strat-
egy of learning reasonable business or being brought into the practice (Vee & 
Skitmore, 2003). Accordingly, Shan et al. (2020) classifies unethical practices into 
four universal actions known as conflicts of interest including unfair conduct, fraud, 
collusion and bribery. Mueller (2018) agrees with the ethical issues faced within the 
construction industry and identifies five major steps to improve the ethical stature of 
construction companies as (1) developing an ethics blueprint, (2) developing a cor-
porate code of ethics in reflection to what is important to the organisation, (3) pro-
viding scheduled ethical training to employees on a regular basis, (4) encouraging 
managers to develop and maintain personal relationships with team members, and 
(5) engaging with a third-party organisation to enable employees to make anony-
mous and confidential ethics reports.

In brief, similarities can be drawn up between the UK construction sector and 
overseas as cover-pricing is a commonality again. Macnamara (2009) states that 
submitted bids give a misleading impression to clients about the level of competi-
tion in the market. This is effective in a way in which it incorporates the element of 
perception in the identification of the issue within the UK construction industry and 
pairs legal issues and personal interpretation together. In addition, the role of ethics 
in construction practice needs to be re-defined as it provides the foundations for 
decision-making process in construction context.

The following table (Table 25.1) presents a summary of literature review which 
paves the way to data collection and analysis.

25.3  Research Method

A mixed method combining quantitative and qualitative research allows the incor-
poration of different elements of each research technique to create an extensive 
overview and a well-rounded study. As a result, this paper uses a mixed method 
approach – quantitatively via historical data provided in the literature review and 
qualitatively using questionnaires and semi-formal interviews. Due to the availabil-
ity of adequate literature surrounding collusive practices in overseas construction 
industries and the UK construction industry, there was not a significant emphasis 
placed on the exploration of the issue. However, there was a focus on the attitudes 
of professionals within the industry and their respective opinions on the potential 
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for collusive practices to be prevalent in the UK construction industry at present. To 
achieve the aim of the study, qualitative data collection was implemented for this 
research through convenient sampling to gain an insight  into the topic. This was 
followed up by quantitative data analysis to gain an understanding of accumulative 
figures surrounding trends. In total, three telephone interviews were conducted to 
retrieve opinionated information, while 22 questionnaires were completed to pro-
vide further knowledge of the qualitative and opinion-based information, enabling 
quantitative statistics to be created from the resulting responses. Further investiga-
tion was affected as a result of COVID-19, and research had to be concluded with 
the available data. Despite the nature of the topic area being somewhat subjective 
due to its legal boundary, the research plan succeeded in gaining honest answers to 
help understand the issue in the domestic construction industry.

Table 25.1 Summary of literature review

Construction 
industry Themes References

Overseas The construction industry is the most corrupt 
industry

Hardoon and Heinrich 
(2011), cited in Wells (2014)
Transparency International 
(2011), cited in Lee and 
Cullen (2018)

Collusion occurs in public sector construction Jaspers (2018)
Le and Shan (2014)
Jones and Kovacic (2019)

The cause of collusion usually involves a level 
of personal greed

Oke et al. (2017)
Ritchey (1990), cited in Vee 
and Skitmore (2003)

Despite the many issues it can present, collusion 
can be beneficial

Wells (2014)

The effects of collusion can be detrimental to 
the value and quality of construction projects

Le and Shan (2014)
Competition and Markets 
Authority (2019)
Wells (2014)
Jones and Kovacic (2019)

UK Collusion is present within the UK construction 
industry

Competition and Markets 
Authority (2019)
Macnamara (2009)

‘Cover-bidding/pricing’ is the most common 
form of collusion in the UK construction 
industry

Competition and Markets 
Authority (2019)

Sanctions are usually enforced in the form of 
financial penalties to construction firms 
conspiring in collusive activities within the UK

Competition and Markets 
Authority (2019)
Macnamara (2009)
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25.4  Data Analysis

Collected qualitative data from interviews was analysed through different phases of 
data familiarisation, re-reading the transcripts and inclining similarities in the data 
set which then enabled the identification of themes as presented for which the data 
could be represented. Table 25.2 below represents the themes identified in interviews.

The abbreviations shown in the ‘activity’ column represent the following: ON 
for ‘Opinion’, OES for ‘Opinion on the Ethical Stance’, OPO for ‘Opinion on 
Collusive Practices Overseas and UK comparison’ and BS for ‘Behaviours and 
Potential Solutions’.

It would be extremely difficult to ascertain the issue of collusion from the indus-
try in its entirety, but if the correct pool of professional respondents were selected, 
it would provide an indication of what could be reciprocated at a larger scale. 
Therefore, following the interviews, a sample of 22 questionnaire responses were 
collected. Questions were ratified based on the interview results to investigate if 
they comply with the themes found in literature review. Questions were evolved 
around the (potential) existence of collusion in construction industry, role of ethics, 
motivations for collusive practice, and information about conceivable imposed pen-
alties. The responses gained from the questionnaires provided an abundance of data 
sets and trends. For the purpose of analysis corresponding to the questionnaire, it 
was most appropriate to select sets of data that showed predominant and most com-
mon outcomes. Although majority of the respondents indicated an awareness of the 

Table 25.2 Thematic analysis of telephone interviews

Activity Theme
Reoccurrence 
of theme Quote from interview

ON There is the 
potential for 
collusion to occur 
within the UK 
construction 
industry

1,2,3 “If collusion has happened before, then it most 
likely will happen again” – Interview 2

OES Collusion is 
unethical practice 
and should not be 
seen within industry

1,2,3 “[collusion] is not ethical because it reduces 
fair competition in the market. It is bad practice 
and should not be seen at any level, or in any 
industry” – Interview 1

OPO Collusion may be 
part of a common 
cultural practice in 
overseas industries

1,3 “In other construction industries around the 
world, many will adopt cultural practices to 
support their methods of construction, so that 
may influence their approach” – Interview 3

BS More convincing 
and complex 
regulations need to 
be ascertained as 
well as market 
barriers

2,3 “To really take authority and prevent potential 
collusive practices specific to UK construction, 
tighter regulations need to be put in place as 
well as barriers to market entry. It is difficult to 
suggest the exact barriers that must be 
implemented, but ones that filter for clean and 
cooperative future competition” – Interview 2
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concept of collusion and unethical behaviour, alarmingly however, nearly a third of 
respondents were not aware of what collusion is, which could lead to potential igno-
rance to the issue going forward in industry. This could stem from a lack of educa-
tion or perhaps the lack of experience in the industry and its potential flaws. 
However, absolute majority of the respondents believe that collusive practice does 
not have the potential to be prevalent in today’s UK construction industry. 
Accordingly, it can be assumed that the industry is perceived as becoming more 
ethical and creates greater provision for fair competition. However, it could be sug-
gested that a weakness with this approach lies by the fact that opinions do not deter-
mine the outcome of the industry, with the potential prominence of collusive practice 
yet to be confirmed. In terms of the regulatory bodies surrounding the governance 
of fair and competitive practice within the UK construction sector, it could be sug-
gested that companies within the sector are not doing quite enough to educate their 
employees on such governance. Over half of the respondents were unaware of 
potential sanctions that can be imposed by the Competition and Markets Authority 
(CMA) as a result of any collusive practice. Although it can be assumed that many 
organisations follow the regulations closely, there needs to be a more consistent and 
transparent knowledge throughout the tiers of organisations to enable them to move 
forward more efficiently in order to achieve the targets of fair competition identified 
by the Competition and Markets Authority. Subsequently, the findings from the 
questionnaires supports the hypothesis that there is potential for collusive practice 
to occur within the UK construction industry, but its effects may not be as prevalent 
when compared to previous studies conducted in overseas construction industries. 
In addition to this, the responses from the interviews suggest a similar trend that 
collusion has the potential to be prevalent within the UK construction industry in 
future but prioritises that more sustainable regulations such as tighter market barri-
ers to entry can be put in place to help prevent collusion within the industry. The 
data analysis techniques used here were useful in portraying and illustrating the 
views of the respondents in this mixed method of exploratory design. Following 
(Fig. 25.1) is a snapshot of respondents’ responses to some of the questions dis-
cussed above.

It was stated within the Introduction of this study that collusion was a significant 
issue in overseas industries which hampered fair competition across the construc-
tion market. It was, therefore, pertinent to gain an insight as to whether the UK 
construction industry had the potential to reciprocate the wider issues in a growing 
UK economy.

Collusion in practice may seem somewhat beneficial to the financial operation of 
organisations, but collusion can have lasting detrimental effects to construction 
industries that experience its prevalence. Collusion can limit and reduce the value 
and quality of construction projects (Competition and Markets Authority, 2019; 
Jones & Kovacic, 2019; Le & Shan, 2014; Wells, 2014). In addition, the risk of 
conspiring in collusive activities can lead to hefty financial fines, damaging the 
financial reserves organisations need to be able to operate and compete within mar-
kets. In relation to the findings of this study and previously cited literature, it can be 
suggested here that many people are aware of the risks and impacts that collusion 

25 Collusion within the UK Construction Industry, An Ethical Dilemma



334

can have, but this may not deter people from conspiring because they can see where 
profitability can be achieved, even if it is unethical.

Collusion is commonplace within overseas construction industries such as in 
Canada, China and the Netherlands, with large amount of cases deriving from bid 
rigging and public procurement of infrastructure. Trends can be derived from the 
literature to imply that the major cause of collusion within these sectors comes 
down to greed, more specifically, contractor greed. The significance of this study, 
though, is the fact that because the Competition and Markets Authority (CMA) is in 
place to do everything to ensure collusion among other illegal practices does not 
happen, the potential of collusion being a future issue may not be as large in scale 
and prominent in comparison to overseas industries. However, the potential is still 
there. The predominant cause for previous collusion, as seen in literature, tends to 
involve a level of personal greed. It can be assumed that without the benefits of col-
luding, construction professionals would not choose to conspire because there is no 
real incentive. Therefore, a suitable and possible solution going forward could be to 
educate and promote fair competition and its rewards. Within the exploratory 
design, it was seen that another potential solution could be to ascertain a robust 
scheme for preventing collusion that is transparent across all levels of construction. 
This could entertain the idea of implementing tighter barriers to entry. These find-
ings conclude that the construction industry is not perfect and has areas which need 

Fig. 25.1 Snapshot of responses to some of the questions
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improvement but changing the attitudes of professionals will go a long way in eradi-
cating the potential issue moving forward.

25.5  Conclusion

Providing good and sufficient education to construction professionals will signifi-
cantly influence how collusion is perceived. The present issue is that there are pro-
fessionals within the construction industry that are not aware of collusion and how 
detrimental it can be to fair competition and ethical standards.

A recommendation specific to construction organisations going forward would 
be to implement a robust education scheme throughout the industry to educate pro-
fessionals and those wanting to work within the industry about the effects of the 
potential problem, the regulatory bodies that are in place to provide security and 
fluidity in industry and the potential prosecutions that can be executed. Contractor 
greed has been cited as a predominant issue, so recommendations could include 
foreign bodies safeguarding the contractor side and supply chain to reduce collusion 
in future. This would have to be done immediately to reduce the effects that collu-
sion can have, and prosecutions need to involve larger financial fines to deter others 
from following the same unethical and illegal path.

Furthermore, it may be suggested that recommendations can be made to promote 
fair and ethical competition throughout all global construction industries.

There are gaps within the research that need to be filled in future studies to gain 
a full understanding of the potential issue. A recommendation for future study 
would be to select a larger sample size that gives a better and more concise indica-
tion of the UK construction industry. Despite the difficultly in execution, selecting 
a sample of professionals who are at the summit of the hierarchy such as executives 
may provide a more thorough indication because of their vast awareness and indus-
try expertise but could gain data that is unreliable because of the subjective topic 
area. One other consideration for future study would be to evaluate regulatory bod-
ies that try to achieve fair competition to recognise their perspectives on the poten-
tial issue to allow the study to fully represent its aim and objectives.
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Chapter 26
The Myth of the Post Project Review

Amelia Maya Guinness and John Heathcote

26.1  Introduction

This research considered the perceived paradigm of project learning. It appears that 
the sphere of Project Management fails to notice the lack of intra-project and inter- 
project learning and future project success from existing knowledge pools. 
Observable in practice, people appear to not learn from projects (excepting their 
own immediate project experiences), (Argyris, 1977; Boud et  al., 1985; Dewey, 
1938), and yet normative project management sees learning from post project 
reviews and lessons learned as a fundamental part of any project lifecycle (Hamilton, 
2001; Lock & Scott, 2013; Ronak, 2019; Swanson, 2017). Project Management 
theory does anticipate learning between projects to be a difficulty and result in a 
problem for synergy and benefits; this therefore may support a hypothesis that the 
potential benefits are lost as a result of the bureaucracy in project learning, post 
project reviews and lessons learned. Kolb’s (2015) learning theory, amongst others 
(Argyris, 1977; Mcleod, 2010; Revans, 2011), suggests some possible barriers to 
learning between projects, including the absence of concrete experience. 
Furthermore, behavioural economic research also describes the Pygmalion effect 
which would also block learning efforts (Sutherland, 2007). The Pygmalion effect 
talks about ‘self-fulfilling prophecy’ (Rosenthal & Jacobson, 2011) and how this 
could affect learning abilities. Another potentially relevant theory is communication 
theory (Roger & Kincaid, 2019) (Scudder, 2019), which also has input into the idea 
that people struggle to learn on projects; it suggests that communication is impor-
tant to learning and is not always performed or utilised in the most effective way to 
achieve the most beneficial outcomes. Risk is frequently cited as one of the main 
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contributors to whether a project is successful or unsuccessful; therefore, it may be 
important to understand how individuals learn from project to project or throughout 
a project. Project team individuals will have different perceptions towards risks, and 
this may create animosity and team tension when the project team is trying to estab-
lish the potential risks worthy of mitigation. Risks are a subjective and personal 
perception (Gigerenzer, 2002); consequently, it may be that learning has a correla-
tion with risk perception. It is possible that ‘You never really understand a person 
until you consider things from his point of view… Until you climb inside of his skin 
and walk around in it’ (Lee, 1960). From the conundrum of a deficit of learning 
arising from a process emphasis on post project learning, this study addresses itself 
to the research question: ‘why and to what extent might intra-project learning be 
avoided; how does learning transfer fail throughout the course of the project’?

26.2  Research Methodology

This research adopted a mixed method approach of a sequential interview and then 
closed questionnaire, described by Cresswell (2013) as an exploratory sequential 
design. The researcher collected data from semi-structured open-question inter-
views and analyse it to induct a pattern and then developed a hypothesis. For the 
interviews, a sample group of only highly experienced project professionals were 
chosen; additionally they had experience across a range of projects and so were able 
to have an expanded notion of what the challenges were, of projects, and saw proj-
ect learning as being something they personally thought about simply because they 
were interested in their work and doing it well. Pink theorises that people are moti-
vated generally to develop mastery over their work (Pink, 2010). This seemed 
important to the research because it allowed for the respondents to call on a longi-
tudinal (Iwh.on.ca., 2015) experience and volume which would probably see each 
develop their own theories about what was important, and also allow them to have 
an expansive degree of project experience on which to base this, a potential strength 
of qualitative interviews (Symon & Cassell, 1998). This inductive research of the 
open interviews permitted the development of hypothetical possibilities that allowed 
the building of a more closed deductive-based questionnaire (Cresswell, 2013). 
Questionnaires are a method that allows the data to be gathered in a structured data 
format. The follow-on deductive approach allowed for some testing of the hypoth-
eses developed from the interviews and explored the inductive data, as is intended 
in Creswell’s (Cresswell, 2013) mixed method, exploratory sequential design.

The original question asked in the interviews was intended to be answered by 
project professionals, so that the information given was applicable to the research 
question. The interview question was ‘what would you say are the three most vital 
and important pieces of learning your experience has taught you on projects’? This 
question was designed to be open to interpretation so that the interviewees had the 
freedom to answer with their own opinions and feelings. This meant that the infor-
mation that the researcher received gave rich qualitative data, which could be 
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examined and analysed to find common themes. Below is an example of the response 
from one of the interviewees (Fig. 26.1). However, an issue with analysing this type 
of data is that it demonstrates that the researcher must interpret the qualitative infor-
mation given which may have led to bias data (Symon & Cassell, 1998). Nevertheless, 
the participants were selected for the interview by the researcher, due to the partici-
pants being a targeted sample group who were known to the researcher as being 
project professionals. This was done purposefully as the researcher required profes-
sionals who had significant experience. This inductive interview approach was cho-
sen for the flexibility advantages, making the information given by the participants 
fluid (Symon & Cassell, 1998).

Communication
This is a bit of an old saw I suppose but it does lie at the very heart of what Project 
Management is about in my opinion and consists on many levels. First and fore-
most, it is the manager’s own ability to completely and fully understand the proj-
ect’s objectives; let’s face it if he isn’t clear, then what hope is there for the project. 
It is interesting that many managers do not seem to take the time and/or effort to get 
a full understanding and will often rush into the project start up; “time is money”, 
“deadlines are to be met” etc. Instead, they should spend time testing their own 
understanding with the principal stakeholders because that dialogue and relation-
ship, which is formed at the outset, will often be the means by which a project can 
survive and overcome even the most difficult issues as and when they arise. Whilst 
a project will often be defined and commissioned by a contract, the ‘real’ way in 
which it will be delivered is through the relationships, and the most important one 

“Communication. This is a bit of an old saw I suppose but it does lie at the very heart of what Project 
Management is about in my opinion and consists on many levels. First and fore-most it is the manager’s own 
ability to completely and fully understand the project’s objectives; let’s face it if he isn’t clear then what hope 
is there for the project. It is interesting that many managers do not seem to take the time and/or effort to get 
a full understanding and will often rush into the project start up; “time is money”, “deadlines to be met” etc, 
etc.  Instead they should spend time testing their own understanding with the principal stakeholders because 
that dialogue and relationship which is formed at the outset, will often be the means by which a project can 
survive and overcome even the most difficult issues as and when they arise. Whilst a project will often be 
defined and commissioned by a contract the ‘real’ way in which it will be delivered is through the 
relationships and the most important one is the one between the manager and the stakeholders. I did have 
the experience of working on some projects that were relatively leading-edge technology. In one case we built 
what was, at the time, the largest distributed relational database (very old tech now!) ever implemented in 
Europe and which was beset by delays as we broached and then solved any number of technical issues. The 
project survived and was eventually regarded as a major success not just because we got the tech to work but 
also because of my relationship with the stakeholders. That is not to say that the dialogue from the manager 
down the pyramid isn’t equally important, but the essential difference is that the manager (hopefully) will 
have the wherewithal to affect some sort of control and resolution in the downward direction. In its simplest 
context communication is an absolute must. An accurate and frequent reporting up and down the pyramid, 
which at times can seem to be a chore, even an unnecessary one when measured against the frenetic activity 
of a project in full flow,  is fundamental to a successful project simply because it is the means by which issues 
are identified and the simple process of having to discuss/think/resolve can reveal issues which may 
otherwise remain hidden and which could stymie the project’s progress.”

Fig. 26.1 Example interviewee response
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is the one between the manager and the stakeholders. I did have the experience of 
working on some projects that were relatively leading-edge technology. In one case, 
we built what was, at the time, the largest distributed relational database (very old 
tech now!) ever implemented in Europe and which was beset by delays as we 
broached and then solved any number of technical issues. The project survived and 
was eventually regarded as a major success not just because we got the tech to work 
but also because of my relationship with the stakeholders. That is not to say that the 
dialogue from the manager down the pyramid isn’t equally important, but the essen-
tial difference is that the manager (hopefully) will have the wherewithal to affect 
some sort of control and resolution in the downward direction. In its simplest con-
text, communication is an absolute must. An accurate and frequent reporting up and 
down the pyramid, which at times can seem to be a chore, even an unnecessary one 
when measured against the frenetic activity of a project in full flow, is fundamental 
to a successful project simply because it is the means by which issues are identified 
and the simple process of having to discuss/think/resolve can reveal issues which 
may otherwise remain hidden and which could stymie the project’s progress’.

26.3  Findings

The Theme Matrix (Table 26.1) is used to organise the research to facilitate the 
organisation of the information given by the respondents and create a synthesis of 
data that is more easily analysed (Alhojailan, 2012). The Theme Matrix identifies 
and divides the information into four umbrella themes which were communicating 
objectives and alignment of purpose, failures and bias, not learning as a team and 
team selection. The next stage of the research was to develop common themes 
between the seven participants selected for the interviews, and this was analysed 
using a Theme Matrix which demonstrated seven prominent similarities to what 
were interpreted from the interviews to be important aspects of learning on projects. 
They were:

Clarity and understanding of the purpose of the project.
The benefits of using visual aids and communicating effectively through them.
Building relationships with the stakeholders.
Making sure that people take responsibility for failures on projects.
Not to be too optimistic about potential risks.
Utilising post project review and lessons learned.
Picking the right people for the project – team selection.

The Theme Matrix (Table 26.1) appears to represent a group of similarities that 
require project managers and project teams to display soft skills as opposed to hard 
skills (Pollack, 2007) that have been previously seen as the most important aspects 
for project teams to possess to be successful. The soft skills invoke Gardner’s (1983, 
quoted in Goleman, 1996) theory of ‘interpersonal intelligence’; this idea is ‘the 
ability to understand other people: what motivates them, how they work, how to 
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work cooperatively with them’ (1983, quoted in Goleman, 1996). Therefore, com-
munication appears to be vital to project learning and success. This is supported by 
an article in the Sunday Telegraph (Hepworth, 2017) espousing that ‘while we will 
see many professions replaced by increasingly advanced systems in 2030, the core 
elements of Project Management will still require human judgement and insight’ 
(Hepworth, 2017).

Explaining the rationale and outputs from each question:

 1. What is your job role? The first question of the survey is ‘what is your job role?’. 
In this chart, it shows that the majority of the people who responded to the survey 
questionnaire classified themselves as ‘Other’ which was 39%. The other choices 
involved ‘Project Management’, which was closely behind ‘Other’ at 34%, 
‘Programme Management’ at 15% and ‘Programme Management Office’ at 
12%. Therefore, 61% are the predefined job roles that the researcher has made 
individual answers.

 2. How many years’ experience do you have? This second question roughly identi-
fies how old the participants are by how many years of experiences they have; the 
question is written like this so that the participants don’t feel like they must 
divulge personal information like their exact age. The majority of the partici-
pants have 21 years or more experience in addition; 74% of the participants have 
12 or more years’ experience which implies that the majority of people that 
responded to the questionnaire were most likely older to be able to have so many 
years’ experience.

 3. What sector do you work in? The third question tries to identify what back-
ground the participants work in; this section has several options. These options 
include the following: Healthcare, Information Technology, Education, 
Transport, Local Authority, Engineering, Construction, Retail and Other. The 
two most common sectors are Information Technology and Other, both at 30% 
each. Similarly, with the second question, there appears to be many sectors that 
haven’t been included as options; thus, participants have selected Other. 
Healthcare was selected as the next highest number of participants at 15%; the 
rest of the options varied between 2 and 8%. This demonstrates that whilst IT, 
Other and Healthcare are the majority, there is a spread between the alternative 
options.

Following from the preliminary questions is the statement question from the ques-
tionnaire. The question is ‘How useful do you believe the following statements to be 
for project success?’. Subsequent to that are seven statements which the participants 
had five options to choose from. These options ranged from not very useful to very 
useful (using a Likert scale); the participants were asked to choose one of the options 
for each of the seven statements to the question. The charts start with not very useful 
at the left progressing to very useful on the right.

 1. Using Predetermined Communication Plans and Visual Tools such as Gantt 
Charts, Cash Flow Diagrams and Raid Logs. This section appears to show the 
majority of the participants believe that the use of predetermined communication 
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plans is useful for project success. More than half of the respondents regarded 
predetermined communication plans as either useful or very useful.

 2. Prioritisation of Stakeholder Engagement and Relationship Building. There is a 
clear pattern of respondents who believe that stakeholder engagement and rela-
tionship building is very useful for projects to be successful, as 85.4% of respon-
dents answered that it was either useful or very useful.

 3. Taking Responsibility for Failure on Projects. Like the previous statement, most 
of the respondents have answered it is useful to take responsibility for failures of 
projects with 81.3% of respondents believing that it is either useful or very useful.

 4. Clarity and Understanding of the Purpose of the Project and Its Objectives. The 
answers to this question were almost unanimous, as almost all of the respondents 
answered that they believed that it was very useful to have clarity and under-
standing of the purpose of the project so that projects are effective and success-
ful, with 97.9% of respondents answering either useful or very useful.

 5. Being Optimistic About Potential Risks. The chart for this question has mixed 
answers; the majority of respondents (25%) answered in the middle, the neutral 
answer. The chart appears almost level offering no significant commonalities.

 6. The Utilisation of Post Project Reviews and Lessons Learned. Most respondents 
answered that post project reviews and lessons learned were useful or very use-
ful. This shows a pattern that project professionals believe that post project 
reviews and lessons learned are beneficial for project success with 60.4% of 
respondents answering that they are very useful and 20.8% that they were useful.

 7. Team Selection for a Project. Team selection also appears to show a pattern that 
respondents believe that it is useful for project success if project teams are 
selected appropriately. 87.6% of respondents believed that team selection was 
either useful or very useful.

26.4  Discussion

The findings appear to show a pattern that most of the participants responded by 
saying that the statements to the questions were very valuable. For example, the 
statement questions in the questionnaire such as ‘using predetermined communica-
tions plans’ and ‘the utilisation of post project reviews and lessons learned’ had a 
high percentage of respondents saying that they were very useful for project suc-
cess. The literature also says that post project reviews and lessons learned are 
important, for example, Hamilton (2001) who says that lessons learned should be 
‘used as feedback to the project and used, where applicable, as intelligence in future 
projects’ (Hamilton, 2001), yet they do not say why it is very rare that they are 
undertaken. In practice, if organisations were using these learning tools to their full 
advantage, then there might be a significant drop in project failures, risks and issues, 
as the project team would have documentation to help refer to previous instances of 
when things either went wrong or right, assuming that this is what they would do. 
This suggests that there is an issue in that prior learning is not being shared or 
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imparted for the benefit of future projects as people are not inclined to engage in 
new learning experiences because they believe that they already know what they 
know (Luft & Ingham, 1955) (Syed, 2015). This is presented in the literature by 
Gigerenzer (2002) and more philosophically by Taleb (2007) who show that there 
are ‘unknown – unknowns’ implying that project professionals do not known that 
they need to learn because they believe that they already know everything that they 
need to know on projects for the projects to be successful. Furthermore, the 
research’s intentions were to establish an understanding of project learning, why 
and to what extent does the learning not appear to function as a productive endeavour.

The primary data sought correlations between the theory and the practise, of 
project learning, to establish the barriers to learning on projects. The soft skills that 
appear to be required to learn effectively by project teams’ members seem to have 
similarities to the difference between qualitative data collection and quantitative 
data collection, and both Dallas (2006) and Buunk and Van Yperen (2019) saw this 
as a method to improve project decision-making. Additionally, the quantitative data 
findings appear to have a parallel with Pollack’s (2007) hard skills (Pollack, 2007), 
giving the impression that as Project Management progresses, the importance of 
soft skills seems to increase. The hard skills are more tangible to teach and learn 
from project to project, for example, teaching someone to use Microsoft Project 
would be a more concrete piece of learning. Due to soft skills being a more abstract 
idea, it appears that learning these attributes may prove difficult as they are not as 
concrete as the hard skills, and quantitative data would be, in terms of learning and 
acquiring knowledge. This is theorised by Kolb’s (2015) learning theory; it is easier 
to learn something if one has a concrete, practical experience of something. One of 
the research objectives was to find key themes as to why people do not learn through-
out projects. The Theme Matrix findings appear to help demonstrate attributions 
given by the interview respondents as to why people do not learn from preceding 
project work. The presence or absence of the prescribed hard process methods to 
which the questionnaire respondents attributed a failure to learn, in themselves, 
does not appear to be able to influence learning without a more collective and indi-
vidual desire to re-examine any difficulties experienced on the project. The inter-
view portion of the research demonstrated a significant set of learning from 
individual (and offline from any project) professionals who were able to reflect on 
past experience, and both a frustration that this did not happen more collectively at 
the beginning of subsequent projects, but they also attributed this lack of learning 
transfer (to others) to the mechanisms in normative project management, the com-
munication plan and so, whilst ignoring the fact that these devices, closely associ-
ated with project management, had not permitted inter-project learning, in their 
experience.

However, learning theory can comprehensively explain the barriers to learning 
from project to project. It attributes learning to the concrete practice of personal 
experience; learning theory highlights the importance for this type of experience 
leading individuals to reflectively re-learn. One of the issues with learning theory 
might be that it does not acknowledge that learning is continuous. If this is the case, 
then learning theory appears to dismiss the findings for the qualitative data, as the 
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qualitative data. As previously mentioned, the qualitative data from the interviews 
resulted in a consensus that the most important aspects of learning are not the ones 
that you can necessarily quantify, for example, ‘forming relationships with stake-
holders’. This portion of data that was analysed through the Theme Matrix does not 
align with the theory supposed about learning from Kolb (2015) learning theory, 
which itself provides a more simplistic perspective, and approaches learning as an 
individual enterprise.

The Pygmalion effect also disagrees with aspects of the Theme Matrix. One of 
the umbrella themes analysed was failures and biases in learning. The Pygmalion 
effect describes the ‘self-fulfilling prophecy’ (Rosenthal & Jacobson, 2011) which 
states that if you have positive expectations, then you are more likely to do well (or 
learn from them). However, the research findings infer that to be able to learn suc-
cessfully, it is important to take responsibility for failures on projects. Therefore, 
there is a lack of continuity between what the literature states and what the research 
findings demonstrate, although it should be noted that the themes arise themselves 
from the opinions (and biases) of the interviewees, who attribute a self of owner-
ship, and responsibility, as motivators towards the need to learn.

26.5  Conclusion

This study asked: ‘why and to what extent might intra-project learning be avoided; 
how does learning transfer fail throughout the course of the project’? Project man-
agement literature discusses how learning is important and that learning tools such 
as post project reviews and lessons learned are beneficial. However, there are not 
clear explanations as to why they are useful to a project, nor research that demon-
strates its efficacy in practice. There appears to be no direct gratification by using 
the standardised methods of learning; thus, project professionals dismiss these tools 
just as an aspect of the bureaucratic system of tick box exercises and form filling. 
However, the research findings do support the idea that project professionals do 
believe that learning is important. One of the purposes of this research is to illustrate 
and understand a gap in the literature that can be understood through the study in 
order to increase the success of projects, through learning.

This research infers that, in fact, learning is a difficult effort that people avoid as 
they find it either difficult or they have not learned how to learn. Learning theory 
from Revans (2011) and Kolb (2015) predicted this, as transferable learning may 
not be achieved without a ‘concrete experience’. However, it appears that one of the 
major issues of learning transfer is that other factors such as soft skills have not been 
incorporated into the project learning realm. Several works hint at the importance of 
soft skills emphasis to raising the barrier to otherwise readily achieved learning 
insights, including Boud et al. (1985), Dallas (2006), Jenner (2012), Syed (2015) 
and Buunk and Van Yperen (2019). Understanding the human cognitive challenge at 
a deeper level (Sutherland, 2007), and the importance of conceptualising projects as 
social systems (Smyth & Morris, 2007), appears to be what needs to happen before 
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the project teams can be expected to transfer key learning to future projects. In the 
meantime, seasoned project professions will likely learn individually from their 
experiences, but struggle to pass this on to new teams they work with.

26.6  Limitations

This paper reports on an original master’s degree thesis and consequently time was 
constrained. With more time, then the sample of participants for the interview, n = 7, 
and for the questionnaires, n = 48, may have been bigger, which would have subse-
quently enriched the data received from the overall participants. Moreover, the rhet-
oric questionnaire’s questions may have been too leading, together with the sample 
selection of participants, which were people known to the researcher; this may have 
made the participants biased towards how they decided to answer on the question-
naire, for instance, through reciprocation (Symon & Cassell, 1998). There may be a 
need to do more research into different sectors and job roles. This is because there 
were a high number of participants answering ‘Other’ to some questions, indicting 
poor or no understanding of those questions. Thus, there should have been more 
options to choose from so that the researcher had more of an understanding of the 
participants’ experience, and whether that limited their responses. Knowing more 
about the participants may help make a better and more informed analysis of the 
findings. Additionally, one of the questionnaire questions appeared to have a much 
more level, chart question 5 ‘Being Optimistic About Potential Risks’, depicting 
that the participants may not have understood the question or the question may be 
poorly formed. Alternatively, the participants may have answered randomly because 
they have no definite opinion about the question. Furthermore, the participants for 
both the interviews and the questionnaires were a sample of participants who were 
not from a specific location. The participants were project professionals who work 
in many other countries, for example, France and Switzerland. This may have 
affected the research findings because it added another variable to the study 
(Saunders et al., 1997). It may be that in other countries, there are different standard 
practises in terms of learning, which would mean that the participants had very dif-
ferent experience of a project. The research being a mixed method exploratory 
approach relied heavily on the interpretations of the interview findings, and these 
included an interpretation of what the sample of just n = 7 had attributed lack of 
inter-project learning to. The themes arrived at included some attributions, which 
are clearly rooted in normative project management. The potential for further and 
other interpretation here needs to be examined. In summary, further effort might go 
on into future studies in this area to eliminate the potential for confounding vari-
ables hidden in this sample, such as organisational and other cultural bias, particu-
larly in relation to tools and methods to address the issue of inter-project learning. 
The authors continue to debate the factors that may contribute to allowing the avoid-
ance of ‘known unknowns’, that is to say, clearly understood risks to project failure 
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that can be discovered, and understood, prior to committing to a course likely to 
lead to project failure. This subject offers opportunities for future research.
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Chapter 27
The Tendency Towards Suboptimal 
Operational Planning

Thomas Price and John Heathcote

27.1  Introduction

Both projects and project management are seen as key elements within organisa-
tions across all sectors (Maylor et  al., 2006; Pellegrinelli, 2011). Despite this, a 
study conducted by the National Audit Office (2016) found that 34% of projects 
were unsuccessful in delivering their planned outcomes and failed to deliver any 
value. This viewpoint may be the reason that, in literature, there is considerable 
focus on value as a basis of project success (Association for Project Management, 
2018; Laursen & Svejvig, 2016). However, throughout literature, there is much con-
fusion as to what is seen as project value. In the British Standards BS EN 12973:2000, 
value is seen as satisfactory needs over the use of resources, which may be heavily 
linked to the ‘iron triangle’ (the idea that projects are constrained by three predica-
ble constraints: time, cost and quality) cited measures of project success (Bryde, 
2008). Similarly, the APM have described value as ‘value = stakeholder satisfaction/
resources required’ (APM, 2005) before changing their view to ‘value = benefits 
and key stakeholder requirements/resources used’ (Association of Project 
Management, 2012). This seems to follow the ‘control and monitoring’ paradigm of 
the project management theory, basing project success around the scope, budget and 
time parameters, with little regard to benefits realisation and value creation (Midler, 
1995). The PMI (2016) suggest that project value is the benefits created for the 
project stakeholder or beneficiary as a result of successful project completion. 
However, Charter (2006), in a paper for the PMI, suggested that project organisa-
tions will only see a big difference in how much value is received when the com-
pany steps back and thinks through its business processes and empowers their 
workers with a certain set of tools. This may highlight the complexity in 
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determining a project’s value, as value could be determined in many ways (Lechler, 
2010). This suggests that value is a concept that is not absolute and can be influ-
enced by stakeholders’ perceptions and interest (Heathcote, 2017). These percep-
tions may in turn be linked to the wide view of the definition of projects and project 
management found in literature (Project Management Institute, 2004; Young, 2006; 
APM, 1993; Marray, 2006; Kerzner, 2006), which changes in each sector and thus 
so does the approach to and vision of value. This multidimensional view of value as 
a concept may suggest that value can be considered as a balance of quality, resource 
and risk (Goodpasture, 2001). This misinterpretation of value may be linked to the 
project managers’ dominant ways of thinking (Winter et al., 2006).

Commonly, in both project management literature and practices, determining 
what represents value is an unresolved issue. Where the value debate might lead 
for an individual project, improving the … ‘V = benefits/cost (IVM, 2019)’ equa-
tion… this can be achieved by either improving ‘benefit’ (or ‘functionality’) or 
alternatively by reducing the cost of delivering the same or more benefit. 
Therefore, making a process more efficient may deliver the same value at a 
reduced cost or adding cost and may result in further benefits and more value than 
planned, though the latter is lacking evidence in literature, which led to several 
assumptions which this study set out to explore: is value not being fully exploited 
in projects; do project run with inefficiencies; can planning and visualisation 
tools benefit projects; and what are the factors that potential block value from 
being realised?

27.2  Research Method

Research Question: Is there potential latent value and inefficiency in projects?
Research Aim: The overall aim of this research is to investigate the potential for 

latent value lost to inefficiency of planned delivery in a series of project case stud-
ies. The study tested whether projects in practice appear to under-exploit the use of 
project management visualisation tools to help unlock potential value and reduce 
inefficiencies to the delivery sequence.

The limitation of this study may be that the research is not being collected in a 
quantitative/deductive approach, which statistically test hypothesis drawing conclu-
sions from data analysis (Rovai et al., 2014). However, the method of this study is 
qualitative; thus, it allows for ‘constructing theory’ based on opinion and percep-
tion, resulting from first-hand practice and open to interpretation (Ghauri & 
Gronhaug, 2005). However, to construct any hypotheses, a thematic coding method 
commonly used in qualitative study must be undertaken to help identifying and 
analysing report themes and patterns within data (Braun & Clarke, 2006).
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27.3  Literature Review

The debate around what represents value, and the process of implementing it, may 
highlight that the issue within projects may be the reason projects in practice appear 
to under-exploit the use of project management visualisation tools to help identify 
inefficiencies and unlock potential value within the planned implementation. 
Therefore, Green and Sergeeva (2018) suggest a shift from project success being 
evaluated based on the ‘iron triangle’ to the origin of through-life value creation 
does not comprise a ‘paradigm shift’, although it does highlight the importance of 
better decision-making and the vast tools a project manager may need to call upon 
to influence problem-solving. This need for focus on problem-solving and value 
creation is now widely recognised at the front end of project management 
(Matinheikki et al., 2016; Morris, 2013; Samset & Volden, 2016).

The Project Management Institute believed that rational decisions lead to better 
project outcomes (Heffernan, 2015), whereas problem-solving identifies the prob-
lem and selects the most appropriate decisions to achieve the optimal outcome 
(Hicks, 1997). In literature, it is agreed that both are coupled and influence each 
other heavily (Koppenjan & Klijn, 2004; Lee, 1997). Thus, it is commonly agreed 
that that it is worthwhile spending time on defining the problem as it can help rec-
ognise a clear solution (Maylor, 2010; Kerzner, 2011). Although it is seen that mak-
ing the correct decision is key to project management, many project managers are 
unwilling to try to improve the quality of their decisions (Goodwin & Wright, 
2004), which may lead to starting projects that should not have been started 
(Flyvbjerg, 2016). This may be linked to the lack of research about the problem 
formulation stage and its link to later problem-solving (Choo, 2014). As a conse-
quence, several issues occur which may be linked to irrational decision-making, 
such as the availability error, optimism bias, sunk cost error, planning fallacy, tacti-
cal exaggeration and the first idea error (Kahneman & Tversky, 2000; Sutherland, 
2007). However, Hanselman (2013) suggests project managers may not make the 
most of the problem-solving process, which may highlight a ‘Lack of Process’ in 
practice. This may be the reason why project management literature provide several 
improvement methodologies to give structure, such as ‘Value Management’, ‘Lean’, 
‘Six Sigma’ and Goldratt’s (1990) ‘Theory of Constraints’. Drawing on these tools 
to help problem-solving may help rationality, creativity, risk identification, problem- 
solving (Crawford, 2006), value creation (Ingason & Shepherd, 2014), project lead-
ership, strategy and innovation (Dalcher, 2017).

Tidd and Bessant (2009) recognise this need for applying value through there 
‘4Ps’ innovation model as a process of turning ideas into reality and capturing value 
from problem-solving. Similarly, literature often sees ‘process innovation’ as the 
first step in creating value (Drucker, 1995; Tidd & Bessant, 2009), as it is frequently 
the easiest to implement and may also result in ‘product innovation’, ‘position inno-
vation’ and ‘paradigm innovation’. This may be the reason that in literature and 
practise process improvement is highly discussed and implemented. Commonly 
used methodologies are Value Management (VM), Lean, Six Sigma (SS), and 
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Theory of Constraints (TOC). However, each varies in their method and areas where 
improvement may be realised. It is often common practise in a Value Management 
framework to provide a structured decision-making process, by facilitating a stepped 
approach and how the project team will achieve them (VM SiG, 2017). The imple-
mentation of the VM structure is commonly seen as a method of collecting informa-
tion, based on the problem and value; prioritising information, to form the project 
objectives; creative thinking, to help stimulate idea; and prioritising options, balanc-
ing objectives with available resources (Kelly et  al., 2004). The APM Value 
Management Special Interest Group (VM SiG, 2017) summarises this by suggest-
ing a facilitated approach that helps suspend judgement, and boosts non-typical 
lateral thinking, to avoid typical decision-making errors. This may benefit the idea 
of the ‘availability error’ (Sutherland, 2007) in avoiding the ‘first good idea error’ 
by allowing for the generation of several possible solutions. This in turn may sug-
gest that visualising the direction of a project at the development stage opens latent 
value previously unseen. However, there is little in literature to suggest these broad 
decision-making processes are considered further down the project cycle, when it 
comes to planning the correct project to undertake. Text around ‘value planning’ 
and ‘value analysis’ are primarily concerned with project cost rather than adding 
value (Hayles et al., 2010) or whether further creativity is needed. In summary, to 
implement a VM approach, an opportunity or problem must be identified, and this 
then supports effective project management by developing understanding, empha-
sising project purpose, developing scope, reducing cost and improving value. While 
Lean has often been promoted as the new change and improvement method, particu-
larly as a cost reduction process (Achanga et  al., 2006; Bicheno, 2004), many 
researchers (de Treville & Antonakis, 2006; Hines et al., 2004; Hopp & Spearman, 
2004; Paez et al., 2004; Shah & Ward, 2003) suggest that the method should be 
understood on two levels: the strategic level of understanding value and the opera-
tional tools of eliminating waste (Hines et al., 2004). Womack and Jones (1994) 
suggest that this first principle is about understanding that value is arguably more 
important than reducing waste. Thus, finding the ‘value stream’ is a sequential pro-
cess all the way from raw material to final customer (Bicheno, 2004). Similarly, Six 
Sigma approach is also heavily based on statistics (Pepper & Spedding, 2010), with 
a systematic approach to develop process improvement (Ahmed et  al., 2013; 
Madhani, 2016; Pyzdek, 1999). This technique focuses heavily on problem defini-
tion by examining the organisation’s planning and controlling of current projects 
and providing practical knowledge on managing the value, schedule and resources 
(Kumar, Nowicki, Ramirez-Marquez & Verma, 2008). Thus, this analysis involves 
project life cycle, work breakdown structure (WBS), network diagrams, scheduling 
techniques and resource allocation decisions. To identify process improvements by 
analysing this data to determine the key process inputs and in turn optimise the 
outputs, and also controls the improvement process to ensure it is sustained (Foster, 
2010; Pulakanam & Voges, 2010; Starbird & Cavanagh, 2011). To help improve the 
current baseline, many academics have suggested the implementation of project 
management tools at each stage of the DMAIC process. Anthony suggests the sec-
tion of the DMAIC at which the implementation of project management tools may 
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be beneficial, which may suggest that problem-solving tools help visualise the latent 
value in an improvement-based methodology. Goldratt’s (1990) idea, the Theory of 
Constraints (TOC), suggests that every process has at least one bottleneck that 
impedes the system from reaching better performance in terms of purpose. This is a 
contrasting view to other improvement process like Lean and Six Sigma, which are 
improvement approaches that were initially developed to save resources within the 
process (Naor et al., 2013). Within literature, TOC is generally seen as a combina-
tion of philosophy, concepts, principles and tools, used to maximise the perfor-
mance of any system by identifying, managing and controlling restrictive factors 
that limit project implementation and performance (Dettmer, 1995; Lee, 1997; 
Ricketts, 2008). Others have emphasised that, although every system may have at 
least one constraint, the system does not become infinitely stronger as the constraint 
simply migrates to a different area (Goldratt, 2003; Rahman, 1998). This may be 
because constraints that effect the process can be both external (not physical) and 
internal (physical) (Goldratt, 2003; Goldratt & Cox, 2002). He suggests that to suc-
cessfully do this, project managers must make three generics decisions while deal-
ing with constraints: what to change, what to change to and how to cause the change.

Literature highlights that the visualisation of data is a useful tool to collect, 
transform and present both qualitative and quantitative data (Al-Kassab et  al., 
2014; Moore, 2017). These tools typically include images, videos, sketches, Gantt 
charts, network diagrams, regular tables, prototyping and other interactive features, 
which can help enhance the process by making information more transparent and 
understandable (Sindiy et al., 2013). Studies carried out by both Bauer and Johnson-
Laird (1993) and Larkin and Simon (1987) explain that visual representation is 
superior to verbal representations and can further benefit the analysis of informa-
tion. Patterson et al. further suggest that, without this process to assist understand-
ing, a greater effort level is required to obtain information. Heathcote and Coates’ 
(2018) research showed that greater performance might be attributed partly to the 
ability to visualise the projects’ complexity and thereby allowing the project man-
ager to coordinate the project better. This means that all stakeholders within a proj-
ect could benefit from focusing their attention to analytical or creative thinking via 
information visualisation (Reddivari et  al., 2013; Sibbet, 2013). Heathcote and 
Coates (2018) added that visualisation should be treated as a process, stimulating 
the imagination and creative thinking, leading to finding the best solutions for 
existing problems. Further research has suggested that visualisation through Gantt 
chart-type modelling of the planned operation by individuals or groups can benefit 
decision-making, efficiency and value within a project (Davies, 2018; Heathcote, 
2017). Similar to aspects of the other improvement process considered in this lit-
erature review, the Gantt enables users to produce a ‘mental map’ of the project to 
assist in stopping errors, although it may be argued that it can also unlock latent 
value. The Gantt is seen as a key planning tool and those in literature suggest proj-
ect management is closely associated with planning (Morris, 1997; Dvir et  al., 
2003; Gardiner, 2005; Maylor, 2010). Therefore, a way of visualising the planned 
process of a project may be important in providing the project manager with the 
skills to conceptualise the complexity of the project (Gupta et  al., 2016) and 
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develop rational decisions to progress the work (Wood & Heathcote, 2009). This 
may in turn help improve from the current baseline. The improvement methods 
previously discussed in this thesis show the importance of mapping a process to 
understand the variations, waste and bottlenecks. Therefore, visualisation of the 
plan through the use of a Gantt may help the identification of the ‘critical path’ 
(tasks that do not have float time), by developing a more accurate way of reviewing 
logic linked tasks (Dvir et al., 2003). Heathcote and Coates (2018) add to this, sug-
gesting that the feasibility of visualising Gantt charts could be reduced to two key 
aspects: the work breakdown structure (WBS) and the treatment of the logic links 
between tasks. This method may further reduce the complexity of information and 
prevent overloading people and compromising decision-making (Levitin, 2015). It 
can be drawn from the above that project visualisation is in solving the decision- 
making problems during the whole project cycle. This visualising of the plan 
allows for modelling and analysis of the problem definition, to help identify a solu-
tion similar to other improvement processes. The following literature can be sum-
marised by suggesting problem-solving and decision-making are key factors in the 
success and realisation of value in a project, and hence many organisations are 
taking on board several of the improvement processes discussed to try and improve 
the current percentage of failed projects (National Audit office, 2016). That there 
are several constraints identified which the improvement processes seen in litera-
ture look to deal with in order to improve the process and add value, these can be 
summarised as follows: remove risk, reduce waste, reduce variation, reduce cost/
resource, remove bottlenecks, parallel working, add benefits and add value. 
However, it has been identified that these methodologies have several limitations 
when applied individually, which may be the reason it has become common in 
project management to combine these methodologies and techniques to gain the 
desired outcome.

27.4  Findings

The following set of illustrations include the detail of the problems identified and 
the subsequent changes proposed for each of the case study projects. Because they 
are filled with detail, this makes them difficult to read in detail. However, this should 
not be particularly important to the paper; here we seek to simply present an illustra-
tion of the general amount of problems that could be identified and then the changes 
that are possible to the original plans. Of note is that the project cases have been able 
to be improved on in terms of shortening the schedule required. Further descriptions 
in the findings show how additional benefits could be realised in terms of commer-
cial and market/benefit advantages arising from the challenges of the initial plan 
of work.
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27.4.1  Project Case Study 1: Water Pump 
Manufacturing Project

This case study follows the typical process of manufacturing water control pumps 
for a regional energy supplier (Fig. 27.1).

Visualising the typical current case has shown several constraints within the pro-
cess. These can be summarised as follows: waste (customer response period 5 days; 
tender evaluation period 5 days; design consideration 5 days), bottlenecks (design 
12 days; procurement 9 weeks; manufacturing 34 days), variation (client 2 weeks) 
and risk (business strategy 10 days or project lost) (Fig. 27.2).

Through the visual analysis process, it has been highlighted that there were com-
mon constraints, from which it is possible to suggest the feasible solution modelled 
in above. This modelled improvement resulted in removal of tender process, reduced 
time for procurement and manufacturing, more predictable completion times, prod-
uct innovation and reduced costs. Alongside these results shown by the interven-
tions, the process now only takes 97 days to complete the project, meaning that the 
process is faster and cheaper and provides a more client focus approach.

Fig. 27.1 Case study 1 baseline process visual (with problem analysis)
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27.4.2  Project Case Study 2: Care Home Construction Project

This case study follows a typical client-side quantity surveying organisation’s proj-
ect process for the demolition and new construction of a larger residential care facil-
ity, as well as the relocation of residents until the build is complete. This meant that 
delays in the programme cost the client more in compensation to those being moved 
and loss of revenue from new residents (Fig. 27.3).

It may be summarised from the analysis of the current process that there are several 
constraints which are causing latent value from being produced, summarised as fol-
lows: waste (appointing team 11 weeks), bottlenecks (planning process 25 weeks; client 
approval and operational mobilisation 14 weeks), variation (design VM review 4 weeks; 
tender VM review 2 weeks) and Risk (implementation of build 99.6 weeks) (Fig. 27.4).

Using the Gantt to visualise the baseline of this project has helped identify ways 
to reduce time for design and construction, increase quality of specialist tasks, 
reduce client compensation to residents, realise revenue benefit sooner, increase 
cost and add further value to the client. The solution suggests that the process 
becomes more focused on allocating more resources to specialist and lengthy tasks 

Fig. 27.2 Case study 1 solution analysis visual Gantt
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to ensure they are completed to the highest quality sooner, reducing bottlenecks and 
risks to client and other stakeholders. It can also be seen that if the organisation can 
reduce the amount spent on relocation and generate new earnings faster than 
planned, further value will be realised.

27.4.3  Project Case Study 3: FF&E Furniture Project

Furniture consultation, design, procurement and project management service to a 
wide range of organisation, purchasing FF&E, from initial design concept to instal-
lation on site. However, it can be seen from the way in which projects are developed 

Fig. 27.3 Case study 2 baseline process visual (with problem analysis)
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and implemented that the approach has become complacent and known issues often 
affect project time and time again (Fig. 27.5).

The current process Gantt of a typical project carried out by the furniture organ-
isation shows several problems which require improvement, summarised as fol-
lows: waste (client tender review 21 days; client process of order 15 days; awaiting 
meetings 32 days), bottlenecks (design 29 days; manufacturing 52 days), variation 
(client revisions 22 days) and risk (bidding process 96 days or lost; storage 31 days; 
third-party conflict) (Fig. 27.6).

Using the Gantt as a method of analysis and a prototyping solution helps identify 
ways to reduce time for design, procurement and installation, bring forward project 
completion, reduce costs, reduce lost revenue, communicate more effectively and 
reduce known risks. As well as the results shown by the interventions, the process 
now only takes 140 days to complete the project, saving 103 days. This means that 
1.7 projects can now be completed in the same time as the current process, which 
may lead to an increase in revenue and market share. The customer also receives the 
additional value of discount, clear objectives from the start and earlier completion.

Fig. 27.4 Case study 2 solution analysis visual Gantt
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27.4.4  Project Case Study 4: IT Software Procurement Project

This case project relates to a public sector procurement project for the tender of a 
new CRM system. The current system and support are at the end of their contractual 
period and must be either extend or re-tendered. In this case, the organisation has 
chosen to tender under the deadline that the implementation process must be almost 
complete before the end date of the current system (Fig. 27.7).

From the visual findings, it can be summarised that there are several constraints 
within the current process, which prevent further benefits and value from being 
realised. These are as follows: waste (awaiting tender bids 30 days; internal due 

Fig. 27.5 Case study 3 baseline process visual (with problem analysis)
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diligence 30  days; tender evaluation 5  days), bottlenecks (tender preparation 
29 days), variation (tender variation unknown) and risk (missing milestone; tender 
strategy; system implementation unknown).

27.4.5  Possible Solution

Using the Gantt to visualise the baseline of this project has helped identify ways to 
reduce time for procurement and implementation and increase quality of specialist 
solution. This model does this by changing the buying strategy of the host organisa-
tion to one that removes the tender process risk by applying a R&D testing approach 
to find the best end user value solution via negotiation. In addition to the above, the 
solution is implemented faster than previously planned, with less constraint influ-
encing the process. This results in a method that is focused on the finding of value 
through analysis of the marketplace, delivering the best system for the client and 
thereby resulting in product and paradigm innovation (Fig. 27.8).

Fig. 27.6 Case study 3 solution analysis visual Gantt
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27.5  Summary

From the case studies analysed, the following findings can be summarised from the 
visualisation of mapping the current process using the Gantt chart, and several limi-
tations have been highlighted, similar to those found in research objective 2. These 
are summarised in the Table 27.1 below:

From the modelling and identification of constraints, it was possible to use the 
visual model as a creative method of problem-solving to test the feasibility of pos-
sible solutions. Latent value found in the cases was achievable through the action 
summarised in the Table 27.2 below:

In the analysis and testing of the findings seen in the tables above, it is possible 
to suggest the potential achievable gains related to the time seen in Table 27.3. It is 
also possible to see the significant latent value for both the project organisations and 
their clients.

Fig. 27.7 Case study 4 baseline process visual (with problem analysis)
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Fig. 27.8 Case study 4 solution analysis visual Gantt

Table 27.1 Summary of constraint findings

Constraints Case study 1 Case study 2 Case study 3 Case study 4

Waste Customer 
response period
Tender evaluation
Design evaluation

Appointing team Tender review
Process of order
Awaiting 
meetings

Awaiting tender 
bids
Due diligence
Tender 
evaluation

Bottlenecks Design bottleneck
Procurement 
bottleneck
Manufacturing 
bottleneck

Planning process
Client approval and 
operational 
mobilisation

Design 
bottleneck
Manufacturing 
bottleneck

Tender 
preparation

Variation Variation cause 
waste and risk
Client variation

Design VM review
Tender VM review

Client revision 
process

Tender variation
Due diligence

Risk Tender/business 
strategy

Implementation of 
build

Tender strategy
Storage of goods
Third-party 
conflict

Missing 
milestone
Tender strategy
Implementation

Current 
duration

114 days 168.8 weeks 243 days 354 days
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Table 27.2 Summary of feasible solutions

Case study 1 Case study 2 Case study 3 Case study 4

Possible 
solution

Removal of tender 
process
Free consultancy 
service and 
discount for direct 
business
Standardised 
designs
Product innovation
Better client 
communication

Team appointed 
using relationship 
and negotiation
Resources add to 
help planning 
bottleneck
Residents 
relocated sooner
Evaluating given 
back to experts
Resources add to 
help 
implementation

Removal of 
tender process
Discount 
applied
No design 
bottlenecks
Client variations 
less likely
Adding in 
communication
Contract and 
sign-off process

Buying strategy of the 
organisation to one that 
removes the tender 
process risk by applying a 
R&D testing approach to 
find the best end user 
value solution via 
negotiation.

New 
duration

97 days 141.6 weeks 140 days 329 days

Table 27.3 Potential gains in process implementation

Case study 1 Case study 2 Case study 3 Case study 4

Current duration 114 days 168.8 weeks 243 days 354 days
New duration 97 days 141.6 weeks 140 days 329 days
Percentage gain 15% 17% 43% 8%

These potential gains suggest that the process of visual modelling for analysis 
helped identify the root cause of the problem while also highlighting feasible solu-
tions in the projects examined.

27.6  Conclusion

This conclusion provides an explanation on how this research determined the influ-
ence of the use of visualisation tools, in this case the Gantt chart, to support the 
identification of potential latent value and inefficiencies in a project, including rec-
ommendations for project practitioners. This study challenges a contemporary 
issue, both within project literature and practise, regarding the reasons as to why 
projects do not deliver their planned outcomes (National Audit office, 2016) and the 
latent value (Goodpasture, 2001) that remains unrealised. There are indications that 
projects are open systems (Smyth & Morris, 2007), open to the marketplace and 
open to the organisations that host them. This study confirms that, to motivate inno-
vation in a project plan process, there is a need for an external and compelling 
motivation (such as a competitive challenge or company loss) to spark any internal 
willingness to change. If the general unwillingness to innovate/improve is not fully 
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addressed, it will act as a barrier to innovation (Baird, 1997; Lorenz et al., 2012; 
Hanselman, 2013). Hence, the concept can be drawn that innovation barriers are as 
prevalent in projects as they are in organisations.

This study revealed that client-led design avoids the advantages of more collabo-
ration with supplier expertise, which may be a consequence of ill-considered pro-
curement strategies. Thus, the application of standardised and cost reduction-focused 
procurement strategies pursued ‘out of procedural habit’, or procurement rule inter-
pretation, is an important barrier to value-adding opportunities within projects. 
Consequently, it can also be hypothesised that client value and value interpretations 
are not typically analysed in most project supply arrangements. This failure to 
explore value interpretations leads to a loss of potential value in favour of simple 
interpretations of what the project is required to achieve. From this thesis, it can also 
be seen that some project management-related approaches, such as Lean and Six 
Sigma, with their focus on correcting inefficiency, similarly overlook value-adding 
opportunities for projects. This study has also indicated that, in practise, the unavail-
ability of modelled baseline plans results in lost value-adding opportunities, simply 
because those opportunities cannot be readily visualised. This study has highlighted 
that project managers tend to attribute more advantages to not modelling the plan 
with any rigour, over the advantages of modelling the plan with rigour, which may 
be linked to cognitive bias or barriers to learning and innovation within the host 
organisation. This study established that the absence of even basic network planning 
in projects robs the project manager and team of a critical tool in dealing with com-
plexity (even the simplest of plans can rapidly become complex and require a Gantt- 
type model to allow for effective and efficient coordination of interlinked tasks).

Therefore, it could be agreed that modelling and visualisation allow for more 
complex examination of problems and opportunities that arise from solving these 
problems. An inability to see what is happening in the complexity of the process 
means that some of the issues common to the case studies and identified in the lit-
erature are readily identified in the modelling process used in the study. Consequently, 
it can also be theorised that Gantt chart modelling allows for the root cause analysis 
of problems in project processes (this is further supported by the findings of Davies 
(2018)). As a result of this and following the process undertaken in this study, it can 
also be seen that greater plan-task-coordination results in faster projects at a reduced 
cost. From this conclusion, several hypotheses can be drawn:

Hypothesis 1: That modelling for analysis of the Gantt chart in projects allows 
for the identification of the root cause of the problem and helps build a clear prob-
lem definition.

Hypothesis 2: Visualisation can aid rational decision-making as it allows com-
plex investigation of the problem and provides data that would have been overlooked.

Hypothesis 3: That project managers are currently underestimating the results 
of the facilitation of visual analysis of their current baseline, resulting in lost value- 
adding opportunities, which may be the cause of the high rates of failure in project 
deliverables.
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Hypothesis 4: Projects are vulnerable to innovation barriers, and this may be 
the reason that organisations are not exploiting the use modelling as an analysis 
tool to innovate in the project plan process.

A number of recommendations can be made for improving the current approach 
to projects. Firstly, the visualisation of data could benefit practitioners by unlocking 
their creativity, allowing for better problem-solving and decision-making, which is 
an integral part of project management. Secondly, the visualisation of data could 
benefit practitioners by helping find the root cause of constraints within their opera-
tion. Thirdly, project managers should encourage the project team and organisation 
to exploit the use of visual modelling for analysis in order to innovate and add fur-
ther value. Finally, the evidence in the thesis suggests that practitioners should not 
view the Gantt chart solely as a planning and control tool but utilise it as a method 
of testing feasible solutions.
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Chapter 28
Challenges of Projects Supporting Smart 
Cities’ Development

Zahran Al-Hinai, John Heathcote, and Hadi Kazemi

28.1  Introduction

Cities and towns are inhabited by more than 50% of the world’s population, which 
means more than 3.5 billion people live in cities and towns. By 2030, this number is 
expected to reach about 5 billion (United Nations Population Fund, 2016). People 
move to urban places seeking better life these places provide to their inhabitants 
(Monzon, 2015), and some of which are acting as centres of innovation and creativ-
ity (Kitchin, 2013).

The rapid increase of cities’ population, and their concentration in cities, can 
bring benefits if managed well, since cities are dynamic places, and they rely on the 
flow of people, resources, ideas and global connections. However, cities also gener-
ate a wide range of problems which might be difficult to tackle as they grow in size 
and complexity (Monzon, 2015). These problems and challenges might affect dif-
ferent sectors such as economic, social and environmental sectors. For instance, 
increasing pressure on city services like transport and healthcare could result in 
further effects on other sectors of smart cities. Nevertheless, cities should respond 
to people’s needs through sustainable solutions for social and economic and envi-
ronmental aspects (Albino et al., 2015). Accordingly, the concept of smart cities has 
emerged to tackle these challenges and provide better living style. The term ‘smart 
city’ is rather broad and ambiguous, with no agreed definition or consensus on how 
cities should approach the agenda. However, it is apparent that all definitions agree 
on the basic functionality of smart cities in terms of providing a creative atmosphere 
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for better living and establish a more responsive and resilient environment to address 
any issues/problems that smart cities face.

Despite the fact that smart cities strive to deal with challenges that face cities in 
general, the development of smart cities itself encounters challenges and obstacles. 
This raised deliberation on how project management could help addressing these 
challenges in such kind of environment. Although project management faces con-
temporary issues in general, and the development of such cities might add new 
issues to them, these contemporary issues could be seen as opportunities which 
might lead to more effectiveness in managing projects. Moreover, investigating how 
projects should be approached in this type of environment might give a chance to 
enhance and improve the way that projects are being perceived in such cities. This 
arguably might improve project management performance in general, since the sta-
tistics on project performance shows that there is a significant percentage of projects 
which are underperforming. For instance, the National Audit Office (2016) states 
that 34% of public sector projects in 2015 were not delivered successfully, although 
the ‘project success criteria’ need to be clearly described. Nonetheless, this could be 
considered as an indicator that projects encounter challenges, complexities and 
issues that restrain them from achieving the intended value.

On the other hand, despite the divergences of perspectives on whether projects 
deliver product or value – although both concepts exist together, a clearer differen-
tiation might be required in specific projects to enhance the governance of proj-
ects – there has been an emerging trend for the value perspective (outcomes) instead 
of product perspective (outputs) to be placed at the centre of a project (APM, 2012; 
Heathcote, 2016). The outcomes of this paper lean towards the value perspective in 
this equation. Accordingly, the aim of this paper is to investigate the ways in which 
the current project management approaches could address the challenges of smart 
city projects. The paper examines the suitability of existing project management 
methods and how the current practice of developing projects could address the chal-
lenges of smart cities’ projects. Eventually, this paper aims to propose a model for 
smart cities’ project development within the capabilities of existing project manage-
ment techniques.

28.2  Literature Review

The term ‘smart city’ is relatively recent, although the concept has been discussed 
since the 1990s when ‘it was used in order to signify how urban development was 
turning towards technology, innovation and globalization’ (Gibson cited in Siuryte 
& Davidaviciene, 2016, p. 255). Since then, numerous definitions have been given 
due to the ‘fuzzy concept’ of the term, the use of which is not always consistent 
(Albino et  al., 2015) and the result is confusion and uncertainty in defining the 
boundaries and scope of the concept (Centre for Cities, 2014). It has been argued 
that the definitions of smart cities have different dimensions and concentrations, 
where some concentrate on broader aspects, while others focus on specific subjects 
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centric on citizens, technology and data. Accordingly, Nam and Pardo (2011) cate-
gorise smart cities into three different dimensions of technology, citizens and com-
munity. Comparatively, Siuryte and Davidaviciene (2016) also believe that smart 
cities should combine all the mentioned aspects together: technology, particularly 
‘Information and Communication Technologies (ICTs)’, ‘smart citizens’ – citizens 
who are able to utilise technologies and participate in public life – and interconnec-
tion and integration of different elements of such cities, for instance, transportation, 
healthcare, administration, etc. which help getting a dynamic and active smart city. 
Nonetheless, despite the ideal perspectives that the concept of smart city can bring 
as elaborated previously, such cities face complex challenges in different aspects. 
Within this, there exists a lack of clarity in terms of content, targeted objectives and 
policy tools driving the economic success (Campbell, 2014) due to the ‘fuzzy con-
cept’ of the term and inconsistencies in using the concept (Albino et  al., 2015). 
According to Monzon (2015), the main objectives of smart city projects should be 
on solving their problems efficiently and improve the sustainability and quality of 
life for residents. However, solving city challenges is extremely difficult as the sys-
tem of a city is inherently interrelated as ‘system of systems’, where a change in one 
city system might consequently affect another system. This type of chain effects on 
the system would require more rigorous and systematic approaches for 
problem-solving.

28.2.1  Technology/Infrastructure

There is a wide recognition amongst different authors regarding the importance of 
technologies as a key component of the smart cities. Albino et al. (2015) suggest 
that ‘smart’ should essentially contain ‘intelligence’, as smartness is realised only 
when an intelligent system adapts itself to the users’ needs. Similarly, Nam and 
Pardo (2011) indicate that technologies should be utilised to mainly meet the needs 
of users, and also be user-friendly through affordable and available devices that 
could be used anytime and anywhere (Albino et al., 2015; Nam & Pardo, 2011). 
Availability of sufficient funds is always an issue for such initiatives, but the long- 
term monetary advantage has created enough justification for these investments for 
investors. Nevertheless, business models for rolling out smart technologies are still 
underdeveloped (Centre for Cities, 2014) which in turn causes uncertain financial 
return and restricts the availability of finance from private sector (Hirst et al., 2012). 
In addition, despite the potential impact that technology can provide in resolving 
issues facing smart cities, simply embedding expensive technologies is clearly a 
misunderstanding of the concept (Monzon, 2015) which may lead to consequent 
side effects. This presents itself in the form of marketisation by giant tech compa-
nies, which in turn raises privacy and protection of sensitive data concerns from the 
end user’s perspective. It is often recognised that the degree of accessing and shar-
ing inhabitants’ personal information in smart cities is a rather important issue 
(Mason, 2015).
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28.2.2  Human Dimension

Khatoun and Zeadally (2016) state that smart cities should provide encouraging 
environment that inspires and motivates their inhabitants to share knowledge 
amongst themselves through empowered technologies. Consequently, an emerging 
creative class shall be encouraged through developing an appropriate environment 
where social and intellectual capital empowers establishing relationships and con-
necting people (Albino et al., 2015). This, as Haque (2012) points out, then puts the 
‘smartness of citizens’ as the focal point of any model for smart cities’ development 
which aims to enhance the human capital welfare. Notwithstanding, technologies 
have no core value without people, even if that technologies provide high level of 
quality and services (Siuryte & Davidaviciene, 2016). In addition, increasing citizen 
participation is also difficult, where cities and private sector face difficulties to 
increase citizens’ participation in the smart agenda beyond the committed few. As a 
result, providing platforms to engage citizens is not enough, and these should be 
capable to effectively participate to raise issues of corruption besides participating 
in solving such issues (Mason, 2015).

28.2.3  Institutional Dimension

Governance, regulations and policy are the institutional factors vital for effective 
connections between people and ICTs in smart cities (Siuryte & Davidaviciene, 
2016). The active cooperation in a harmonious way amongst people, technologies 
and government and policy are essential for designing and running a smart city 
(Nam & Pardo, 2011).

Smart cities are state run and therefore effective connections between people 
and ICTs in smart cities are based on institutional factors that depend on gover-
nance, regulations and policy (Siuryte & Davidaviciene, 2016), and any paucity in 
these factors might cause issues. Introducing new policies has always been a chal-
lenge for governments. Therefore, in the case of smart cities, there is a risk of 
wrong policies being introduced as disruptive and technologies are normally 
embedded which are by nature unpredictable (Sissons & Thompson, 2012). 
Furthermore, creating systems that pursue more effective modes of governance in 
such cities causes tension and threats amongst the citizens in terms of stifling of 
rights to privacy, freedom of expression and confidentiality. Therefore, breaking 
down silos and joining different sectors by better coordination integrating different 
interests and stakeholders for better collaboration are required (Centre for Cities, 
2014) in addition to framing projects in a multi-stakeholder and municipally based 
partnerships (Monzon, 2015).
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28.3  Research Review

Smart city initiatives appear to raise some challenges for the management of proj-
ects that will bring about the ‘smart city’, and these can be added to the contempo-
rary issues facing project management in general. As a response to these issues and 
complexity in current methodologies, there is a suggestion to move forwards 
towards different methodologies that give more concentration to value, such as 
‘project strategy’ and ‘agile’ methodology. In essence, concepts such as ‘programme 
management’ have the potential for tackling some of the challenges as seeking bet-
ter coordination amongst projects across a programme might lead to targeting com-
mon strategic goals and sharing resources amongst them, and therefore, gaining 
greater benefits (De Hertogh et al., 2006). In addition, integrating projects and pro-
grammes would lead to gain benefits as deliverables of projects empower the deliv-
erables of programme and create change capability that allows realising the 
long-term benefits. This would mainly satisfy the needs of end users’ by generating 
tangible benefits. Lycett et  al. (2004, p.  290) illustrate the fundamental goals of 
programme management by categorising them twofold: ‘efficiency and effective-
ness goals’ and ‘business focus goals’. Principally, such management aspects, if 
taken integrally, would lead to improved efficiency and effectiveness of manage-
ment and overall governance structure of programmes and inherent projects.

28.4  Research Method

This paper is aimed to test the applicability and validity of project management 
approaches to address new kind of modern projects apart from the typical ones that 
have traditionally been raised in projects’ environment. The main research question, 
therefore, is to identify the main challenges that smart cities, as a new kind of devel-
opments, would impose on their deriving projects. Hence, research question and 
research design, while compatible against each other, need to address this issue 
parallelly. However, research design might differ based on the nature of research 
question and how it might reach to answer the question (Saunders et al., 2015). As 
a result, this research adopted a qualitative/inductive method by utilising a ‘scoping 
review’ research design, aiming at generating new hypotheses. Scoping review, 
according to Dijkers (2015), aims to map the key concepts underpinning a research 
area and the main sources and types of evidence available. This process is normally 
useful when a particular field/topic is complex or has not been reviewed comprehen-
sively before. Accordingly, this research has considered utilising a scoping review, 
due to the lack of scientifically based evidence in the fields of project management 
and smart cities, because one area is rather new and the other area does not have a 
history of looking at qualitative approaches. In this sense, this research has 
conducted ‘Evidence Mapping’ and extended to doing a ‘Scoping Review’ as illus-
trated previously, in combination with a partial ‘Systematic Review’. But these 

28 Challenges of Projects Supporting Smart Cities’ Development



376

cannot be considered ‘high-quality evidence’ since it does not exist for project man-
agement or for smart cities. Furthermore, as a way of summarising and structuring 
this research methods as per the research ‘onion’ process presented by Saunders 
et  al. (2015), this research follows an interpretivism philosophy using inductive 
approach and in particular grounded theory strategy via secondary data sampling. 
The idea is to map the existing project management methodologies against chal-
lenges of innovative and modern initiatives of smart cities and test their capabilities 
in tackling those challenges.

28.5  Discussion

Examining how smart cities’ challenges can be assisted by project management 
might need to consider the modular level inside project management concept which 
includes tools – soft skills paradigm, value management, negotiation, benefit reali-
sation and stakeholder engagement – which could be implemented to address these 
challenges (Fig.  28.1). Table  28.1 also illustrates more details on gathering the 
smart city challenges, proposed solutions from literature, project management 
methods and possible modular project solutions.

Despite the abundance and divergences in defining ‘smart cities’, most defini-
tions have common meeting points supported by what have been explored through-
out this research. To this end, it is argued that solving problems and challenges 
faced by cities – sustainability (social, economic and environmental) which aims to 
provide better living  – would be achieved by implementing smart technologies, 
cooperation and engagement of people and integration with policies and regulations 
(government). As such, in the context of smart cities, these three dimensions of 
technology, citizens and government seem to be essential. Technologies might need 
to be adapted in a way that provides services which meet the needs of users, are 
designed to be user-friendly through affordable and available devices and could be 
used regardless of time and location (Albino et al., 2015; Nam & Pardo, 2011). This 
would not be achieved without collaboration and engagement of inhabitants. Thus, 
their creativity, education and diversity seem to be required (Nam & Pardo, 2011).

In addition, the role of the government through governance, regulations and poli-
cies would enhance getting effective connections between people and ICTs in smart 
cities. Providing platforms that engage people to interact with public life in the city 
and participate in decision-making which would have direct impact on their lives 
would result in prosperity, transparency and democracy. This will, in the context of 
city and wider society, reduce the role of the government because of decisions being 
made by people.

Consequently, it is evident that chosen project methodologies can address a num-
ber of challenges faced by smart cities, if not all, especially within the three broad 
dimensions of technology, citizens and government. In fact, the concepts of pro-
gramme management and project strategy seem to be the most effective and suitable 
approach that might be used in this kind of environment.
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Challenges of Smart Cities

1 Lack of clarity in terms of content, 
targeted objectives, and policy tools

2 Lack and concern of budgets

3 “Business models for rolling out smart 
technologies are still underdeveloped”

4

Techniques that effectively analyse, 
communicate, and use data are yet to 
be fully developed, and “their 
monetary value is yet to be 
understood”

5 Marketisation of public services

6
Creating monopoly positions by 
beholding such cities to particular 
technological platforms and vendors

7 “One size fits all smart cities in a box”

8 Privacy issue

9 City services depend on software to 
function

1
0

Challenges to provide stable, robust 
and secure devices and infrastructures

1
1

People are absent from the 
concentration of smart cities

1
2

Increasing citizen participation is 
difficult

1
3

Some smart technologies (for example, 
smart meters) face resistance from 
citizens

1
4

Providing platforms to engage citizens 
is not enough, where citizens as well 
should be capable to effectively 
participate

1
5 Challenges in making policies

1
6

Challenges in regulations

1
7

Difficulty in working across 
departments and boundaries

Project 
Management 
Approaches

Waterfall

Agile

Programme 
Management

Project Strategy

Fig. 28.1 Mapping of smart cities’ challenges to project management techniques
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In addition, projects should concern themselves about outcomes, benefits and 
value, where it should be value-centric rather than product-centric (Winter & 
Szczepanek, 2008). Considering that value is subjective, and has different perspec-
tives and interpretations, much attention should be given to how the value is identi-
fied, who identifies it and how to evaluate it. Therefore, the project strategy approach 
might have the capacity to overcome this potential disconnect between programme 
and projects, since it has ‘strategic’ rather than ‘methodological’ approach to man-
aging projects. Correspondingly, project is value-centric which aims to deliver val-
ued outcomes. Furthermore, this approach provides a particular way of looking at 
the project as a strategic problem that needs to be solved creatively to bring posi-
tive change.

However, these methods/approaches on their own might not be enough and con-
stitute accurate work and are not holistic. The environment of smart cities seems to 
be stimulating and attractive for this type of tools, although it might not be empow-
ered in the same extent in all cities. However, the two approaches to smart city ini-
tiatives (top-down and bottom-up) might demonstrate the capacity of some of these 
tools. As a result, the smart city challenges might lead to a change in the way of 
developing and perceiving projects. Apparently, in the challenging environment in 
smart cities, the drivers are going to be more bottom-up than top-down, so top-down 
polices might try influencing what people do, but it is more likely to be a very inno-
vative and entrepreneurial environment. Therefore, projects need to focus on these 
primary concerns.

28.6  Conclusion

As discussed, capabilities of existing project management approaches would 
address some of the major challenges imposed by smart cities. However, as these 
approaches cannot be holistic and all-embracing, a simple and flexible ‘model’ for 
smart cities’ project development can be proposed. The model is concerned with 
having a fundamental approach that involves ‘benefit realisation’, engagement 
(stakeholder and people), innovation (through innovative tools, for instance, hack-
athon) and soft skills in addition to value/benefit equation that drive the develop-
ment approach through ‘methodologies’ and strategy (Fig. 28.2).

This model could employ the two approaches (‘top-down’ and ‘bottom-up’). The 
‘top-down’ is embodied when the city has a strategy, and this strategy will be imple-
mented through programme and project strategy, involving the modular level and 
skills in all stages. On the other hand, ‘bottom-up’ approach starts with people at the 
modular level and raises the creativeness and involvement of citizens to participate 
in solving issues and generate creative ideas, allowing projects to be merged in a 
programme, which then shapes a strategy. All projects might be considered to be 
strategic in nature, and each single project should contribute in delivering a strategy. 
Nonetheless, both approaches could be used harmoniously and could lead to better 
results.

28 Challenges of Projects Supporting Smart Cities’ Development
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Therefore, in this kind of environment, it might be realised that the way projects 
are being approached might need to move forwards to more strategic thinking, and 
more value-centric through less processes, focusing on social interaction amongst 
people while enhancing soft skills and deeper entrepreneurial perceptions and 
adapting new technologies.

Arguably, this is what project management in general might need to concern 
itself about in any case.
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Chapter 29
I Spy with My Little Eye: Improving User 
Involvement in Elderly Care Facility 
Design through Virtual Reality

Abdul-Majeed Mahamadu, Udonna Okeke, Abhinesh Prabhakaran, 
Colin A. Booth, and Paul Olomolaiye

29.1  Introduction

The healthcare industry according to Lim and Tang (2000) has been ascribed as one 
of the fastest-growing industries in the service sector. Deloitte (2019) report on 
global healthcare outlook ties the healthcare industry’s teeming growth to the 
world’s ageing and growing population, greater prevalence of chronic diseases and 
exponential advancement in innovative digital technologies.

The provision of healthcare facilities to meet global standards and evolving 
demands has been met with increased complexities and rigorous challenges at every 
stage of procuring the design, construction, operation and maintenance of these 
facilities. Contributing factors to the multifaceted concern range from stakeholder 
(physician, nurse practitioners, physicians’ assistants, specialists, etc.) participation 
and satisfaction, energy consumption, fit for purpose versus ideal for use arguments 
and the effect of facility design on patient’s status of physical and psychological 
recovery.

Ulrich (2000, 2001) emphasises the impact of environmental design in improv-
ing medical outcome, propagating the theory of supportive design, with growing 
research supporting this concept (Dalke et al., 2006; Laursen et al., 2014). According 
to Leung et al. (2019), interior building design features and layout have a significant 
impact on elderly patients’ physical health, psychological wellbeing, social rela-
tionships and cognitive functioning. As a result of this, it is recommended that there 
is more user involvement in the design process to ascertain user’s preferences as 
well as acceptance of design at an early stage.
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29.2  User Engagement in Healthcare Facility Design

Sharma et al. (2017) define patient or user engagement in healthcare as the active 
partnership between patients, families, caregivers and other stakeholders, working 
together to inform quality improvement initiatives in healthcare delivery (Khodyakov 
et al., 2017). Stakeholder or user engagement is considered a critical criterion in the 
design of any facility, more so a healthcare facility, and while researchers deliver 
compelling ethical rationale that supports patient engagement, there also seems to 
be a common consensus on the limitations of how best to go about user engagement. 
Khodyakov et al. (2017) further note that a gap often exists between the intentions 
to involve stakeholders and the actual engagement of stakeholders.

Approaches such as community-based participatory research (CBPR) and 
evidence- based research (EBR) pull at improving patient outcomes by the active 
involvement of community members, organisational representatives and research-
ers in all aspects of the research process (Israel et al., 1998). Kim et al. (2018) cite 
initiatives in the United States, The Precision Medicine Initiatives, which seek com-
prehensive user engagement through the life cycle of health research.

Traditional methods of engagement involve focus groups, in-depth interviews, 
surveys, email communication, conference calls, patient home visits, patient advi-
sory boards, deliberative sessions and consensus-building techniques, relying pri-
marily on in-person or small-group interaction (Deverka et al., 2012; Domecq et al., 
2014; Kim et  al., 2018). For Carman et  al. (2016), this mode of engagement is 
plagued by logistical barriers, huge expenses, potential selection biases, ethical con-
cerns and legal impediments. Lavallee et al. (2014) in proffering a solution to above 
challenges highlights the impact of communication technologies (online surveys, 
email communication, conference calls or webinars) in facilitating more heteroge-
neous user engagement and participation, though this may be perceived as imper-
sonal and shallow in the depth of engagement (Kim et al., 2018).

Thus, in order to facilitate more meaningful user engagement, there is the need 
to engage technologies and strategies that are far-reaching and still able to attain 
meaningful user participation. This is even more important in the building design 
scenario given the need for communicating technical details in the most user- 
friendly manner.

29.3  Virtual Reality and User Involvement in Healthcare 
Facility Design

Although there is user involvement in some cases, traditional approaches to user 
engagement often rely on 2D drawings and documentation including architectural 
renderings of viewpoints and paper models (Lin et al., 2018). However, this process 
is characterised by misunderstandings and information gaps and has often proven 
futile as end-users fail to fully understand the concept and content of these 
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drawings. Primarily, this is because they lack engineering knowledge and experi-
ence to interpret these highly technical pieces of 2D data (Lin et al., 2018). Recently, 
the concept of Building Information Modelling (BIM) is viewed as a key enabler of 
collaborative communication as well as design visualisation. In healthcare facility 
design, BIM-enabled technologies rely on object-oriented modelling, thus can 
allow end-users to visualise spaces and provide effective feedback that can help 
designers better understand and interpret user requirements (Okada et al., 2017). 
This process involves 3D visualisation, but on 2D interfaces, hence the need for 
technologies that provide near-real-life or immersive capabilities (Kang & 
Kuncham, 2014).

Evidence from many researchers echo two common deficiencies in practices 
associated with healthcare facility design, including the difficulty experienced by 
medical practitioners and stakeholders in understanding and interpreting design 
concepts (communication) and the discrepancy between the rendered design images 
and the finished construction product (simulation) (Huang et al., 2017; Lin et al., 
2018). Researchers have therefore developed other innovative processes to combat 
some of these deficiencies.

For example, Huang et al. (2017) presented BIM Visualisation and Interactive 
System (BIM-VIS), a real-time rendering system that integrates BIM with a game 
engine and VR technologies to achieve more realistic scenes in the design of health-
care facilities, with the option of a wireless gamepad for navigation. This tool is 
however semi-immersive VR and relies on several projection screens to display 
BIM model views. This system thus relies on seral pieces of hardware and signifi-
cantly difficult to set up.

Lin et al. (2018) presented a Database-supported VR/BIM-based Communication 
and Simulation (DVBCS) similar to the BIM-VIS concept. This system integrates 
BIM with a game engine and VR technologies in a semi-immersed VR environ-
ment, with the option of a gamepad for navigation. The core distinction with this 
approach is the dismantling of the file-based BIM model into BIM elements, which 
are saved as database BIM elements of the BIM model, usable for advanced simula-
tions and communication.

Kang and Kuncham (2014) presented a BIM Computer Aided Virtual Environment 
(BIM CAVE) system based on Autodesk Navisworks to display the BIM 4D con-
struction sequence. The system initially included three screen walls and three com-
puters to project the rendered images in real time. This was later modified to include 
nine screen walls to enhance virtual reality and user experience. Hilfert and Koning 
(2016) have suggested the need for more cost-effective approaches that require less 
hardware.

The above developments have significantly improved concerns of communica-
tion and simulation plaguing healthcare facility design (Hilfert & Koning, 2016; Lin 
et al., 2018), and while the issue around hardware cost may cause hesitation among 
stakeholders, the new generation of VR tools offer a more cost-effective solution. 
There is a need for tailored VR solutions. Furthermore, the above developments 
have focussed on hospital design rather than care facilities. It is worth noting that 
care facilities are used mostly by elderly users, and thus there is a need for exploring 
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the most suitable VR systems in this scenario as well as identifying design require-
ments. In order to address this, the current study explores safe and fully immersive 
virtual reality (VR) communication systems for capturing user requirements and 
preferences during healthcare facility design. The feasibility of using this to engage 
elderly care facility users is explored. Furthermore, the functionality that can allow 
for more effective use of VR tools on the care facility user scenario is explored.

29.4  Proposed Approach

A two-stage approach was followed. The first was the development of the prototype 
VR system using a direct prototyping methodology. This is presented in Fig. 29.1. 
This was subsequently tested through demonstration and interviews with healthcare 
and design practitioners.

In the first phase, Building Information Modelling (BIM) software (Autodesk, 
2019) was utilised as the primary modelling tool to develop libraries of elderly care 
design objects. A fully functional parametric model was developed using Autodesk 
Revit with a focus on interior design elements as well as furniture, fixtures and fin-
ishing. Filmbox (.fbx) file formatting was used to improve model fidelity and visu-
als (Simmons, 2014). The interactivity was achieved through a game engine, 

Fig. 29.1 Details of the interactive VR development workflow
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Unity3D (Unity3D, 2019), in conjunction with FBX library purposely used to 
ensure faster file exchange in the workflow. FBX format allowed lightweight para-
metric model where only relevant metadata for the proposed tool was extracted. 
Unity3D further supported virtual visualisation and interactivity through its intui-
tive tools and object-oriented programming (OOP). The interactivity built into the 
model related mainly to interior design manipulation for visualising different 
options of interior decor including furniture, building fixtures, finishes and position-
ing of objects. C-Sharp (C#), an object-oriented programming (OOP) language was 
used for the development of the custom tools and user interface for enabling human-
computer interaction (HCI). The VR system developed also allowed users to outline 
preferences through an interactive form. The system was developed as a fully 
immersive VR simulation and was trialled on two headsets, Oculus Go and HTC 
Vive. Furthermore, third-party texture enhancement applications were used in con-
junction with the gaming engine (i.e. Unity3D). The outputs from the visualisation 
are presented in Fig. 29.2. The user interfaces included in virtual tablet (Fig. 29.3) 
are used for object manipulation through hand gestures which are read by motion 
sensors connected to the VR headset.

29.5  Testing of Proposed System

The study relied on a quasi-experiment and qualitative interviews approach to test 
the application’s usefulness, practicability and potential risks (Prabhakaran et al., 
2018). The participants were engaged in a direct-prototyping format where their 
feedback was used in improving the system as the research went along (Eid, 2015). 
Each participant had the opportunity to test applications in a fully immersive and 
interactive VR environment using two different headsets. This was followed by 
interviews and transcription of interview responses. A sample of seven (n  =  7) 
experts with experience in healthcare, healthcare building design and VR develop-
ment were thus interviewed. These professionals were chosen because of their 
understanding of user requirements in the research domain. This was to allow for 
their input for improving the system before a more tailored and safe approach can 

Fig. 29.2 Screenshots of scenes in the interactive care facility design user engagement VR system
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be designed for elderly users themselves. The profile of the interviewees is pre-
sented in Table 29.1. A thematic analysis of the interview responses was performed 
in order to systematically document participant’s views in relation to the potential 
usefulness, safety considerations and elderly-specific user requirements. This aided 
the proposition of future considerations for research in this area.

29.6  Findings and Discussion

Based on the thematic analysis, it was concluded that the proposed system was very 
effective in communicating design intent as well as the elicitation of user require-
ments. The key findings are discussed in the themes below.

29.6.1  Elderly Friendly Functionality

The key themes identified were aesthetics, isolation and multiplayer functionality, 
navigation ease and multisensory experience. The following were identified as the 
most critical user engagement functions which can enhance the experience of 
elderly users: variations in a colour contrasting, wall surface and finishing fidelity, 
lighting, furniture selection and layout, scenery and location of windows and ability 

Fig. 29.3 Screenshots of virtual tablet user interface for object manipulation and interaction in the 
VR system

Table 29.1 Profile of participants

Interviewee Experience in healthcare Participant reference

Research fellow – Elderly care 4 A
Healthcare practitioner – Nurse 3 B
Healthcare practitioner – Nurse 3 C
Healthcare practitioner – Carer 10 D
Architect 10 E
Healthcare building design expert 20 F
Healthcare project manager 6 G
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to test the nostalgic value of design features [Interviewee A, B, C, D, E, F, G]. This 
concurs with previous studies that have highlighted the importance of fidelity and 
visuals in VR immersion (Hilfert & Koning, 2016; Johnny et al., 2014; Leung et al., 
2019; Lin et al., 2018). In addition to aesthetics, the VR experience was identified 
to be isolating for elderly [Interviewee A] (Hodge et  al., 2018). This could be 
improved by multiplayer VR-gaming functionality that allows several people to 
experience the same scene at the same time. The multiplayer approach to exploring 
designs is less isolating especially if other participants can be viewed as an avatar. 
Furthermore, this multiplayer functionality could allow participation of more able- 
bodied persons or carers who can take control of navigation rather than elderly users 
who may have disabilities or dexterity issues. The significance of multiplayer func-
tionality cannot be overemphasised at a time where social distancing is critical due 
to the impact caused by the COVID-19 pandemic. Teleportation functions were 
viewed as more appropriate than walking navigation. Teleportation was also viewed 
as a safer option for the elderly who could sit on a chair and be stationary while 
navigating to different scenes in the virtual environment [Interviewee A, B, C, D, E, 
F, G]. Furthermore, this approach is regarded as safer with walking navigation 
viewed to have more propensity of causing dizziness [Interviewee A, B, C, D, E, F, 
G]. In the opinion of participants, incorporation of multisensory experiences would 
improve the usefulness of VR in the elderly user scenario [Interviewee A, D, E, F, 
G]. The use of sound instructions was highlighted as advantageous. Intuitive func-
tions and voice command were identified more suitable for elderly users, thus 
reducing the need for user orientation. Gesture recognition for interactivity was 
viewed as a limitation in the elderly care scenario. The outlined safety concerns are 
not unusual given the delicate nature of elderly care and requirements for the design 
of their living spaces (Hodge et al., 2018; Nichols & Patel, 2002).

Non-immersive technologies also appear more suitable in elderly care scenarios 
from the experiments in this study [Interviewee A, F]. Some of the main concerns 
for elderly users were mobility, tripping, likelihood of falls and potential dizziness 
when fully immersive VR is used. These have also been reported as VR risks in 
other application scenarios (Nichols & Patel, 2002). However, it is also established 
that in order to provide the right level of rendering, the system will require higher 
specification hardware to set up. High-fidelity mixed-reality (MR) system thus 
seems to be the best alternative although related technologies are not as advanced 
yet (Prabhakaran et al., 2018). Interviewees also wanted an approach that allows 
saving of user preferences such that different choices and configurations of design 
can be compared while the tool is being used [Interviewee A, B, C, D, E, F, G].

29.6.2  Desirable Features of the Virtual Building Design

The key themes identified were improving design options and incorporating stan-
dards. Interviewees thought that design rules regarding safety and other health- 
building standards should be incorporated in the system as additional information to 
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guide choices [Interviewee A, F, G]. Such a system should be built into the interac-
tivity to help users to dynamically view the impact of their choices and implications 
on meeting building, and design regulations as well as standards (Lin et al., 2018). 
This includes incorporating functionality for assessing navigation, social distancing 
features, infection and cross-contamination risks associated with alternative designs 
and fixtures. This cannot be overemphasised in view of the need to follow new stan-
dards and approaches in healthcare facility design in response to COVID-19 pan-
demic (Waite & Pitcher, 2020). Participants also suggested the incorporation of a 
larger object library consisting of home adaptation equipment with ‘non-clinical 
looking’ design options. The digital objects’ libraries that relied on the VR simula-
tion should be connected to a live database of available design components to 
improve a variety of choices in real time. Similar limitations have been highlighted 
in previous experiments and development of VR for participatory design (Hilfert & 
Koning, 2016; Lin et al., 2018).

29.7  Conclusion

This research explored how to enhance healthcare stakeholder’s involvement in the 
design of healthcare facilities. A novel interactive virtual reality (VR) communica-
tion system for capturing user requirements and preferences during healthcare facil-
ity design was developed and tested. Based on pilot tests, it has been established that 
interactive immersive technology (VR) can be used to engage users in care facility 
design. The current generation of fully immersive VR tools, however, support care 
professionals more than the elderly end-users or patients themselves. The research 
found that safety issues hamper the deployment of fully immersive VR for the 
elderly users who may have navigation challenges as well as hindered spatial aware-
ness which could lead to trips and falls. Teleportation functions built into the appli-
cation were found to be very useful. From the findings of this study, it is therefore 
suggested that fully immersive experiences are supported by multiplayer (multi- 
user) functionality as well as teleportation functions for user navigation. Multiplayer 
functionality could address potential issues of loneliness in the virtual world as well 
as allow more physically abled participants to coordinate controls while an elderly 
person is immersed in the same experience. Furthermore, use of such functionality 
will also help in the maintenance of social distancing while enabling elderly user 
participation in healthcare facility design without exposing them to the risk of infec-
tion given their vulnerability. It was also suggested that semi-immersive methods 
are tested to ascertain their relative advantage over fully immersive solutions in the 
context of safety for elderly users. Although semi-immersive solutions like aug-
mented and mixed reality could potentially be safer in terms of visibility of sur-
roundings, they often provide less visual quality when compared to fully immersive 
VR. Future work will aim at developing a high-fidelity mixed-reality version of the 
tool and also incorporate conversational interaction including voice command sys-
tems to achieve more intuitive interactivity.
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Chapter 30
Smart Enterprise Asset Management

Mark Lenton, Dave Lister, Jim Garside, Richard Pleace, Gary Shuckford, 
Simon Roberts, Tim Platts, Paul Redmond, Christopher Gorse, 
Bashar Alhnaity, and Ah-Lian Kor

30.1  Introduction

According to ISO (2014), the ISO 55000-2014 standard describes asset manage-
ment as ‘a coordinated activity of an organisation to realise value from assets’. 
Typically, assets are managed with information in silos due to the lack of system 
interoperability. This could result in user frustration, suboptimal decisions and even 
chaos without a holistic perspective of the entire asset and its complete lifecycle. In 
this paper, we adopt an ecosystem approach to address the inadequacies of the cur-
rent siloed approach for asset management. We present our proposed smart 
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enterprise asset management (SEAM) approach, and its ecosystem of solutions as 
well as partner organisations. This paper describes the ecosystem in the context of a 
smart government building (within the built environment – note due to NDA, no 
specific reference can be made) to demonstrate the interoperability across a diverse 
range of innovative technologies and work in an asset management that encom-
passes the entire lifecycle. A smart government building has been chosen as a use 
case for this paper because of the UK Government’s commitment to build new 
buildings and improve maintenance for older buildings. This provides timely oppor-
tunities to operationalise plans for digital buildings and estates that will improve 
lifecycle performance, environmental sustainability and digital transformation and 
traceability and reduce backlog maintenance. Building and estate digitisation, sus-
tainability and efficiency will be central to the approved plans of all government 
building projects, though unfortunately many stakeholders have not fully consid-
ered/understood the benefits nor addressed how they will meet the required Treasury 
Green Book (e.g. evidenced-based ‘fit for purpose’) (HM Treasury, 2018), transpar-
ent and measurable outputs needed to identify what success looks like and therefore 
how initiatives can and should be continuously improved. However, our ecosystem 
of partners are working together on a more sophisticated digitisation, environmental 
sustainability, traceability and accountability across various programmes to improve 
inefficient building, estates and operational performance. In so doing, we need to 
address several challenges listed below:

• Challenge 1: Technical Challenge
• For the smart government building, the ecosystem of partners will utilise some 

of the latest interoperable and innovative technologies and seek to introduce 
improvements in day to day, real-time operational capability as well as providing 
key re-usable data for analysis to support longer term strategic ‘Smart’ Building 
and Operations objectives. As part of a planned ‘think big – start small – scale 
fast’ approach, this process will provide the platform which can be extended to 
support the proposed new builds and the existing estate.

• Challenge 2: Cultural Challenge
• Current approaches to estates, digital systems and data are diverse, siloed and 

poorly coordinated and lead to massive inconsistency, duplication and wasted 
effort and do not longitudinally maximise the value of information towards 
ensuring sustainable, efficient and resilient performance. Communication barri-
ers (lack of openness and transparency) within and across internal teams, stake-
holders, data types and technologies increase errors and costs and cause delays 
in data transmission and rework – this can occur during build phases and more 
importantly in operation. Processes are challenged with lack of openness to par-
ticipation and inclusiveness to all stakeholders (individual groups such as pro-
curement, finance, soft and hard FM teams). Systems are constantly challenged 
when attempting to maintain consistency, reliable evidenced-based information, 
integrated and holistic outcomes for ‘clients’ and continuous improvement 
across asset lifecycles. There is lack of transparency, often resulting from social 
and sometimes localised political interference and a lack of digital automation, 
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which leaves asset and operational management vulnerable to inertia and pre-
vents stakeholders from being open to communicate and share information and 
best practice freely. Improvements through new ways of working based on digi-
tised, integrated, interoperable and holistic thinking offered by the ecosystem of 
partners will allow all stakeholders the opportunity to participate and have trans-
parency through a single source of the truth over the connected, sustainability, 
digital and efficiency programmes proposed.

• Challenge 3: Sustainability Challenge and Data Re-usability
• Underpinned by the ‘smart’ and interoperable approach the ecosystem partners 

offer, the aim is to develop a data collection and management structure that sup-
ports the delivery and operation of resilient, sustainable, new and existing built 
environment facilities whilst ensuring the principles of the Green Building 
Council publication (Net Zero Carbon Buildings (UKGBC, 2019)) and the sug-
gestions set out by the digital advisors and supported by academic rigour. A 
sustainability strategy will be developed in line with a digital/data strategy that 
will provide operational information and foster knowledge for effective and effi-
cient delivery and operation.

This paper is organised as follows: Section 30.1, Introduction; Section 30.2, 
Literature Review; Section 30.3, Methodology; Section 30.4, Smart Enterprise 
Asset Management Ecosystem; and Section 30.5, Conclusion.

30.2  Literature Review

The notion of smart asset management, which is rooted in asset management (AM), 
focuses on the technology as a driving process to enhance the captured information 
to assist in making strategic decisions (Urmetzer et al., 2015). Thus, asset-owning 
organisations rely on AM performance strategies to excel in the competitive busi-
ness environment. The overarching aim of our proposed SEAM is to improve AM 
strategies in an organisation, using cutting-edge technologies. Moreover, SEAM has 
more to offer, such as a robust structure to validate and improve asset performance 
by collecting and incorporating reliable asset information in strategic business 
decision- making (Shah, et al., 2009). The needs of a clear definition of SEAM and 
a delineation of its implementations have dramatically increased as a result of the 
potential for enhanced asset analysis and performance possibilities in any business 
structure. Recent studies have shown the current use of SEAM in the industry is not 
documented, and with only few research and white papers have referred to some 
form of development and classification of smart assets. Several other studies have 
shown variations in implementing SEAM extensively across different organisa-
tions. Thus, in these interpretations of SEAM, a common ground needs to be identi-
fied. This calls for the need of a concise definition of SEAM to avoid conflicting 
terminologies, and establish a basis for future research. It is in these conflicting 
terminologies that various concepts have already been established in existing 
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literature (Bughin et al., 2010; Lampe & Strassner, 2003; Liyanage & Langeland, 
2009; Nel & Jooste, 2018). Although these concepts are acknowledged separately, 
they relate to the central idea of technological entities management. These separate 
ideas also need to be addressed to establish a foundation for further development 
of SEAM.

In recent decades, global businesses operate in an era of technological perfor-
mance which sees overwhelmingly diverse variations in electronic goods and tech-
nology affordances. Market competition is a driving factor for organisations wanting 
to acquire and at the same time offer cutting-edge innovative expertise (Wang et al., 
2014). According to literature, there is a business need for implementing SEAM 
(see business outcomes in Fig. 30.2). Therefore, it is imperative for academics and 
industrial researchers investigating SEAM and its implementation to first and fore-
most establish the implementation prerequisites. As a result of information avail-
ability through interconnected communication structures, researchers have 
established a clear link between technological/business performance management 
and electronic convergence (Nel & Jooste, 2018). Thus, such a link unravels the 
potential for businesses to offer comprehensive and meaningful information across 
multiple platforms, rendering knowledge (and business intelligence) more accessi-
ble to various stakeholders in the organisation. With such advancement of technical 
capabilities, organisations could fully exploit the creative use of a portfolio of tech-
nologies to create added value and competitive advantage. The general benefits of 
implementing asset management strategies are to reduce operational cost, improve 
profitability and improve competitive edge in the marketplace (Aberdeen Group, 
2009; Aberdeen Standard Investments, 2018). However, it is imperative for the port-
folio of technologies to be interoperable so that resources could be well coordinated 
and managed to reduce costs (e.g. manufacturing, etc.) (Nel & Jooste, 2018). The 
emphasis here will be the use of technologies to monitor and manage physical assets 
(through shared essential information) in optimal as well as optimised conditions, 
thereby delivering predetermined targets in Quality of Service (QoS – high perfor-
mance), Quality of Effectiveness (QoE – excellent user satisfaction) and Quality in 
Sustainability (QiS – environmental friendliness).

To reiterate, it is evident that asset managers are at the helm of innovative tech-
nologies where strategic, tactical as well as operational decisions about assets need 
to be appropriately addressed to exploit their technological potential. The subse-
quent sections will discuss how these diverse technologies could be seamlessly inte-
grated and the benefits of our proposed ecosystemic approach to SEAM.

30.3  Methodology

In this section, we shall discuss smart enterprise asset management and digital twin 
methodologies. The smart management macro-level methodology is depicted in 
Fig. 30.1a, b and discussed in Subsection 30.3.1, whilst the micro-level discussion 
of each component in smart enterprise asset management is in Subsection 30.3.2 
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and Table  30.1. Detailed discussion of the digital twin methodology is also in 
Subsection 30.3.2.

30.3.1  Smart Enterprise Asset Management Lifecycle

ISO 55001:2014 (BSi, n.d.) is a framework for asset lifecycle management which 
aims to achieve the best return from assets and reduce the total cost of ownership 
(TCO). It encompasses financial, organisational and physical assets. Such a stan-
dard helps reduce asset ownership-associated risks, improve customer satisfaction 
through provision of quality-assured products and services, invoke new business 

Fig. 30.2 Digital twin and smart enterprise asset management

Fig. 30.1 Smart enterprise asset management lifecycle
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acquisition and support international business growth. The asset management life-
cycle is iterative. According to PECB (2016), the four stages in asset management 
lifecycle are planning, acquisition, operation cum maintenance and, finally, dis-
posal. However, in this paper, we propose a three-phase asset management (see 
Fig. 30.1a). The phases and their sub-phases are design concept initiation followed 
by design specification and documentation that will feed into the subsequent phase, 
build (involves construction based on specification) and operate (MRO – maintain, 
repair, operate and asset refurbishment). In this lifecycle, it is estimated that 80% of 
TCO is within the MRO sub-phase.

Figure 30.1b is an extension of Fig. 30.1a where MRO is a major part of the 
entire lifecycle and its focus is to feed back insights into the design and build phase. 
The insights are afforded through big data analytics of relevant data relating to 
transactions (e.g. smart building context – room booking, usage, relevant business/
health transactions, etc.) and operations (for the same smart building context – IoT 
data, environmental monitoring, building performance, etc.). The sub-phases that 
subsume under MRO phase are supply chain and e-procurement; contracts and ser-
vice level management/agreement, SLM/A; compliances; energy and 
sustainability.

30.3.2  Digital Twin

A digital twin is a digital representation or virtual replicas of a real-world entity or 
system (e.g. physical objects, process, organisation, person or abstraction) (Gartner, 
n.d.; Networkworld, 2019). Data from multiple digital twins can be aggregated to 
model real-world systems comprising composite entities, operations or processes 
(e.g. city, factory, etc.) (Gartner, n.d.). Additionally, they could be exploited to build 
simulations or IoT platforms (e.g. Azure Digital Twins) to explore optimisation as 
well as what-if scenarios (Networkworld, 2019) for prediction and gain deeper 
insights into drivers of better products/services to enhance customer experience 
(Microsoft, 2020). Gartner (2019) conducted a recent IoT implementation survey 
and found that 75% of organisations implementing IoT already use digital twins or 
plan to within a year. Digital twins have been deployed for asset management (Arc 
Advisory Group, 2020) and integrated into asset management lifecycle to create 
value and support decision-making (Macchi et al., 2018). It is viewed that assets 
could be rendered ‘smarter’ by means of digital twinning (DNV.GL, n.d.). In this 
paper, we discuss how multiple digital twins could be integrated into smart enter-
prise asset management lifecycle to create business values (see Fig. 30.2). Gartner 
(2019) maintains that it is necessary for multiple digital twins to be integrated, and 
here, we shall discuss multiple digital twins (for a diverse range of areas of interest) 
that are relevant to smart enterprise asset management:

 1. BIM Integration: BIM focuses on an entity’s design and construction (e.g. a 
building). On the other hand, a digital twin models the entity’s operations and 

M. Lenton et al.



407

interactions with other entities within a system (adapted from IoTforall, 2019). 
This is aligned to Gartner’s notion of the next-generation digital twins which 
include users, processes and behaviours. Such related data is collated through the 
deployment of sensors (discussed in point iii).

 2. 3D Model Scanning: Point clouds could be created via photogrammetry or 
LiDAR (light detection and ranging) technologies (Vercator, n.d.). The captured 
point cloud data are used to make 3D scans of relevant assets (e.g. 3D laser scan) 
that are subsequently fed into the development of a virtual model, easily acces-
sible as a digital twin (Hannovermesse, 2018).

 3. Connecting Assets: Connected assets via sensors provide useful information 
(through data analysis discussed in point iv) on how they perform in real time, 
and to prevent serious accidents through potential failure prediction (CIOB, 2019).

 4. Data Analysis: In order to realise the full promise of digital twins, it is essential 
to integrate systems and data across the entire organisational ecosystems 
(Deloitte, 2020). Real-time data will be analysed and fed into simulations to 
clearly understand what-if scenarios, predict outcomes accurately and trigger 
appropriate actions or events to manipulate the physical world (ibid).

 5. Asset Performance Management: Asset performance management (APM) 
involves the deployment of sensors to collect real-time performance and condi-
tion data for assets and analysed (using AI and machine learning algorithms). 
Such collected and systematically analysed data are inputs into digital twins that 
assume the form of realistic and interactive 3D models (Walters, 2016) that pro-
vide evidence-based decisions about the assets (Negi, 2019). According to 
Walters (2016), APM provides the ‘power of combining all systems into one that 
can deliver actionable intelligence’, and this facilitated through the convergence 
of engineering (electronics, and instrumentation), operational (sensor and con-
trols) and information (software, hardware and systems) technologies. A frame-
work for setting targets (with metrics) in APM measurement have been developed 
(Green et al., 2016).

As listed in Fig. 30.2, the positive business outcomes of integrating multiple digi-
tal twins into the entire lifecycle management of smart assets are improved critical 
asset uptime, energy efficiency, improved productivity, reduced procurement over-
heads, drive predictive maintenance, improve health and safety compliance and 
optimise asset performance. The integration of digital twins for end-to-end whole 
lifecycle asset management ought to be highly prioritised to afford migration and 
integration of solutions as customer requirements grow. The key benefits of inte-
grating multiple digital twins (3D scan, BIM integration and connected assets via 
IoT technologies) with asset management for a smart building use case are (1) pre-
cise (accurate to 5 mm) and up-to-date 3D model of building to support and expe-
dite architectural and redesign activity; (2) highlight key assets and locations, 
colour-coded asset status, asset specification data and their real-time performance; 
(3) quick and easy retrieval of asset or location information in an intuitive 3D model; 
(4) improve collaboration between different internal and external teams covering 
asset whole lifecycle; and (5) spatial and contextual information readily available 
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for assets and locations to assist with health and safety compliance, highlight access 
restrictions and plan work ahead of site visits. Their beneficiaries are the following:

(1) Administrators, designers and architects who need to plan site alterations, to repurpose 
areas within the facility and/or to introduce temporary works.

(2) Engineering and maintenance teams by providing ready contextual access to asset 
and location data for faster corrective and more timely preventive actions as well as assist-
ing with identification and scheduling of predictive tasks. Visual information also helps 
optimise visits by remotely assessing on-site requirements to avoid wasted visits and by 
assisting with the identification of nearby assets or locations that can be attended to in 
one visit.

(3) Operation team to manage staffing based on demand (footfall) and visually control, 
manage and report energy consumption and CO2 emissions.

(4) Purchasing team to allow visual reference to assets and locations when identifying 
what is needed and by intuitive access to specifications to enable accurate ordering of 
spares and/or replacements.

30.4  Smart Enterprise Asset Management Ecosystem

According to NCA (n.d.), in the natural world, biodiversity and ecosystems afford 
numerous benefits (also known as ‘ecosystem services’) to mankind, whilst UNEP 
(n.d.) view healthy ecosystems and a rich biodiversity vital for proper functioning 
of cities. Gartner (2020) has developed a digital ecosystem framework to analyse 
digital ecosystems and understand how the various elements work together within 
the ecosystem. Inspired by these, we draw a parallel for a smart enterprise asset 
management ecosystem in the built environment context (depicted in Fig. 30.4 and 
discussed in Subsection 30.4.3). Such an ecosystem requires diverse yet comple-
mentary technologies, and it aims to break down technological silos to create a col-
laborating and interconnected multidisciplinary system for the ultimate goal of 
interoperable as well as seamless ecosystem service provision. Our proposed smart 
enterprise asset management ecosystem demonstrates the essential characteristics 
of jointness (yet modular), coordinated, scalability and interoperability.

30.4.1  Smart Enterprise Asset Management System 
Ecosystem: Joined-Up Digital Strategy

UK Department for Transport (n.d.) views the importance a joined-up digital strat-
egy for consistent system operations through the adoption of innovative ‘agile’ 
approach for the design of services and platforms. The benefits would be user expe-
rience enhancement, efficiency maximisation and cost reduction. Central customer- 
related information coordination would provide a joined-up cross-ecosystem view 
that would be more reliable and comprehensive. Figure 30.3a depicts the six differ-
ent technologies that are essential for a built environment-related smart enterprise 
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Fig. 30.3 (a) Innovation suite for smart enterprise asset management; (b) Benefits of the innova-
tion suite

asset management: 3D scan and BIM, asset management, IoT, big data analytics 
and insights, supply chain and e-procurement and blockchain. Figure 30.3b depicts 
the exponential benefits afforded when these six modular technologies are well 
coordinated, and interoperable to function as an ecosystem. To reiterate, all the 
depicted components of the smart enterprise asset management ecosystem will have 
their individual digital strategy. However, the overarching need is to have a joined-
 up digital strategy for the ecosystem to provide seamless quality services that will 
ensure an optimised trade-off amongst Quality of Service (QoS – high system per-
formance), Quality of Effectiveness (QoE – excellent user experience) and Quality 
in Sustainability (QiS – reduced environmental impact).

30.4.2  Smart Enterprise Asset Management: Ecosystem 
Solutions for a Smart Building Use Case

Our proposed smart asset management ecosystem (known as smart enterprise asset 
management system, SEAM, as depicted in Fig.  30.4) comprises six integrated 
modules (note: 3D model and BIM are considered as separate).

To exploit an end to end, interoperable ‘smart’ enterprise asset management 
[SEAM] system would typically require the five modules, their associated data and 
ecosystem partners (tabulated in Table 30.1).
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30.4.3  Smart Enterprise Asset Management and Ecosystem 
of Partners

The end-to-end digital asset management capability is unique as it brings together 
open and non-proprietary usage of some of the latest digital technologies in a way 
that will ensure a building and its assets can operate effectively and efficiently to 
support the workforce delivering the services to the end clients in an optimal way. 
These outputs are all immediate- to medium-term benefits and do not include the 
academic outputs. The six modular and interoperable components that underpin the 
ecosystem value proposition and associated proposed partners (for a smart building 
use) case are tabulated in Table 30.2.

Through the introduction of an ecosystem of subject matter experts from indus-
try and academia with the ability to track record of delivering digital innovation, 
sustainability outcomes, a smart building (e.g. government building) will be able to 
create the foundations of a unique ‘end-to-end’ approach to full asset, lifecycle and 
sustainability management. This will be delivered by integrating open and interop-
erable services such as 3D scanning, digital twins, BIM/visualisation, Internet of 

Fig. 30.4 Interoperable, scalable and future-proofed smart enterprise asset management solution

Table 30.2 Smart enterprise asset management ecosystem of partners

Module Partners

Digital twin from 3D scan/BIM model
Project delivery managed under a BIM level II framework

1st horizon, SiteDesk
TP professional services

Core asset/building management control platform SRO solutions
Asset and location monitoring and IoT sensing IAC, Beckhoff
Big data analytics and insight EdenBridge, LBU
Integrated and streamlined e-procurement capability Mercateo
Tracking and tracing suppliers and supply using shared ledger SRO solutions
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Fig. 30.5 Re-usable and interpoerable data for different profiles and outcomes

Things (IoT) sensors, predictive maintenance and automated maintenance repair 
and operation procurement. The ecosystem, working with a government building, 
has the capability to improve overall productivity in line with the government’s 
digital and sustainability objectives, by using interoperable modules that can be 
combined to deliver end-to-end, efficient and operational support. These modules 
can integrate with existing systems (e.g. building management systems), creating 
visually live IoT-driven data monitoring, i.e. ‘digital twins’ of a building/asset, 
allowing failures to be predicted and actioned via automated service request man-
agement, including contract/spares management, stores control and e-procurement 
services before services are impacted, e.g. critical plant assets such as HVAC, light-
ing, power and waste management, fridge temperature, etc. The wider benefits 
include the ability to track building/department footfall/usage statistics which can 
then be married with people flow data to identify if the department/building can be 
optimised. Smart asset manangement system (Redmond, 2017) and mobile tools 
that digitise the assets (i.e. digital twin) provide evidential data that will simplify 
and increase the ability to reliably control the management of buildings and assets, 
to enable robust decisions to be made on how and when they can be used, with the 
assets – i.e. engineering, spaces, desks, lifts, fridges, rooms, theatres, etc., the entire 
asset if required – being a complete digital twin.

30.4.4  Summary of Smart Enterprise Asset Management

Our proposed smart enterprise asset management ecosystem provides re-usable and 
interoperable data that will be made available for different profiles and business 
outcomes (see Fig. 30.5). All pertinent data is aimed to be re-usable and stored in 
‘big data’ environment to be viewed through lens of different profiles seeking 
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different business outcomes (e.g. operator for productivity gains; finance for energy 
reduction; etc.). To ensure cost-effectiveness and ROI, it is planned to include addi-
tional data sources in different phases. Once smart data management is imple-
mented, it is anticipated that predictive maintenance and autonomous 
decision-making can be developed for key sections of the asset (such architecture 
being developed with BIM, FM and digital twins in mind). Initially, data collection 
architecture design for the critical energy and performance systems will be priori-
tised to reduce energy and improve operation of the asset. The aim is to capitalise 
on both historic and real-time performance data so that evidence-based decisions 
can be made on future projects. Central to effective operation is avoiding duplica-
tion of practice and unnecessary resource use. The effective utilisation of perfor-
mance data will radically change understanding of asset performance, enhancing 
whole lifecycle management.

30.5  Conclusion

The USP and innovation of our proposed smart management ecosystem stems from 
eight organisations sharing the same vision of an end-to-end, interoperable, smart 
building solution. Our ‘think big – start small – scale fast’ approach provides a cost- 
effective solution that mitigates risk for customer. This offering will help democra-
tise adoption of innovative technology such as IoT, data analytics, digital twin, etc., 
delivering exponential benefits as modular solutions are joined up. Our initial work 
with a government building has seen the ecosystem offering for digital sustainabil-
ity/smart building being integrated into a repeatable template for future capital 
projects.

References

Aberdeen Group. (2009). Asset performance management: Aligning goals of CGOs and mainte-
nance managers. November 2009. Retrieved June 26, 2020, from http://www.forpoint.co.nz/
wp- content/uploads/2013/04/Infor- EAM- WP_Asset- Performance- Management- Aberdeen- 
Group.pdf.

Aberdeen Standard Investments. (2018). Strategy Guide: Global Absolute Return Strategies 
Portfolio. Retrieved June 26, 2020, from https://funds.standardlifeinvestments.com/uk/ifa/
GARS_Strategy_Guide.pdf.

Arc Advisory Group. (2020). Digital twins for strategy guide: Asset management. Retrieved June 
26, 2020, from https://www.arcweb.com/blog/digital-twins-asset-management.

BSi. (n.d.). ISO 55001:2014, Optimize your assets and improve performance. Retrieved June 27, 
2020, from https://www.bsigroup.com/en-GB/Asset-Management/.

Bughin, J., Chui, M., and Manyika, J. (2010). Clouds, Big Data, and Smart Assets: Ten tech- 
enabled business trends to watch. McKinsey Quarterly. 56(1): 75–86. Retrieved June 26, 
2020, from https://www.mckinsey.com/industries/technology- media- and- telecommunications/
our- insights/clouds- big- data- and- smart- assets- ten- tech- enabled- business- trends- to- watch

M. Lenton et al.

http://www.forpoint.co.nz/wp-content/uploads/2013/04/Infor-EAM-WP_Asset-Performance-Management-Aberdeen-Group.pdf
http://www.forpoint.co.nz/wp-content/uploads/2013/04/Infor-EAM-WP_Asset-Performance-Management-Aberdeen-Group.pdf
http://www.forpoint.co.nz/wp-content/uploads/2013/04/Infor-EAM-WP_Asset-Performance-Management-Aberdeen-Group.pdf
https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/clouds-big-data-and-smart-assets-ten-tech-enabled-business-trends-to-watch
https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/clouds-big-data-and-smart-assets-ten-tech-enabled-business-trends-to-watch


413

CIOB. (2019). Potential to use BIM data in digital twins is being overlooked. Retrieved June 26, 2020, 
from https://www.bimplus.co.uk/analysis/potential- use- bim- data- digital- twins- being- overloo/.

Deloitte. (2020). Digital Twins: Bridging the Physical and Digital. Retrieved June 26, 2020, from 
 https://www2.deloitte.com/uk/en/insights/focus/tech-trends/2020/digital-twin-applications- 
bridging-the-physical-and-digital.html.

DNV.GL. (n.d.). Making your Asset Smarter with the Digital Twin. Retrieved June 26, 2020, from 
https://www.dnvgl.com/article/making-your-asset-smarter-with-the-digital-twin-63328.

Gartner. (2019). Gartner Survey Reveals Digital Twins are Entering Mainstream Use.. Retrieved 
June 26, 2020, from https://www.gartner.com/en/newsroom/press- releases/2019- 02- 20- 
gar tner-  survey-  revea ls -  d ig i ta l -  twins-  a re -  en ter ing-  mai# :~ : tex t=Gar tner%20
defines%20a%20digital%20twin,business%20operations%20and%20adding%20
value.&text=%E2%80%9CWe%20see%20digital%20twin%20adoption%20in%20all%20
kinds%20of%20organizations.

Gartner. (2020). The Gartner digital ecosystem framework: How to describe ecosystems in the 
digital age? Retrieved June 26, 2020, from https://www.gartner.com/en/documents/3979306/
the-gartner-digital-ecosystem-framework-how-to-describe-.

Gartner. (n.d.). Gartner Glossary - Digital Twin. Retrieved June 26, 2020, from https://www.gart-
ner.com/en/information-technology/glossary/digital-twin.

Green, D., Masschelein, S., Hodkiewicz, M., Schoenmaker, R., & Muruvan, S. (2016). Setting 
targets in an asset management performance measurement framework. In Proceedings of 2016 
International Conference on Quality, Reliability, Risk, Maintenance, and Safety Engineering 
(QR2MSE 2016) 2016 World Congress on Engineering Asset Management (WCEAM2016): 
July 25–28, 2016, Jiuzhaigou, Sichuan, China. Retrieved June 26, 2020, from https://repository.
tudelft.nl/islandora/object/uuid:f113746e-cc22-4a6d-b452-cf8ac3fddf68?collection=research.

Hannovermesse. (2018). Point clouds make digital twin accessible. Retrieved June 26, 2020, from https://
www.hannovermesse.de/en/news/news-articles/point-clouds-make-digital-twins-accessible.

IoTforall. (2019). Digital Twins vs. Building Information Modelling (BIM). Retrieved June 26, 
2020, from https://www.iotforall.com/digital-twin-vs-bim/.

ISO. (2014). ISO 55000:2014: Asset management—Overview, principles and terminology.
Lampe, M., Strassner, M. (2003). The potential of RFID for moveable asset management, proceed-

ings of the 5th international conference on ubiquitous computing (UbiComp), 12-15th Oct, 
2003, Seattle, USA. Retrieved June 26, 2020, from https://www.alexandria.unisg.ch/21557/.

Liyanage, J.P., and Langeland, T. (2009). Smart assets through digital capabilities. Encyclopedia 
of Information Science and Technology. second edition IGI global, pp. 3480-3485, doi: https://
doi.org/10.4018/978- 1- 60566- 026- 4.ch553.

Macchi, M., et al. (2018). Exploring the role of digital twin for asset lifecycle management. IFAC- 
PapersOnLine, 51(11), 790–795. https://doi.org/10.1016/j.ifacol.2018.08.415.

Microsoft. (2020). What is Azure Digital Twins? Retrieved June 26, 2020, from https://docs.micro-
soft.com/en-us/azure/digital-twins/overview.

NCA. (n.d.). US Global Change Research Program: Ecosystems and Biodiversity. Retrieved 
June 27, 2020, from https://nca2014.globalchange.gov/highlights/report- findings/
ecosystems- and- biodiversity.

Negi, R. (2019). Experience in asset performance management analytics for decision support on 
Transmission & Distribution Assets. Proceedings of IEEE PES Asia-Pacific power and energy 
engineering conference (APPEEC), 1-6 Dec, 2019, Macao, doi: https://doi.org/10.1109/
APPEEC45492.2019.8994622.

Nel, C., and Jooste, J. (2018). A policy framework for integrating smart asset management within 
operating theatres in a private healthcare group to mitigate critical system failure. International 
Journal of Condition Monitoring and Diagnostic Engineering Management, 155.

Networkworld. (2019). Retrieved June 30, 2020, from https://www.networkworld.com/arti-
cle/3280225/what- is- digital- twin- technology- and- why- it- matters.html.

PECB. (2016). 4 key stages of asset management lifecycle. Retrieved June 27, 2020, from https://
pecb.com/article/4- key- stages- of- asset- management- life- cycle.

30 Smart Enterprise Asset Management

https://www.bimplus.co.uk/analysis/potential-use-bim-data-digital-twins-being-overloo/
https://www.gartner.com/en/newsroom/press-releases/2019-02-20-gartner-survey-reveals-digital-twins-are-entering-mai#:~:text=Gartner defines a digital twin,business operations and adding value.&text=“We see digital twin adoption in all kinds of organizations
https://www.gartner.com/en/newsroom/press-releases/2019-02-20-gartner-survey-reveals-digital-twins-are-entering-mai#:~:text=Gartner defines a digital twin,business operations and adding value.&text=“We see digital twin adoption in all kinds of organizations
https://www.gartner.com/en/newsroom/press-releases/2019-02-20-gartner-survey-reveals-digital-twins-are-entering-mai#:~:text=Gartner defines a digital twin,business operations and adding value.&text=“We see digital twin adoption in all kinds of organizations
https://www.gartner.com/en/newsroom/press-releases/2019-02-20-gartner-survey-reveals-digital-twins-are-entering-mai#:~:text=Gartner defines a digital twin,business operations and adding value.&text=“We see digital twin adoption in all kinds of organizations
https://www.gartner.com/en/newsroom/press-releases/2019-02-20-gartner-survey-reveals-digital-twins-are-entering-mai#:~:text=Gartner defines a digital twin,business operations and adding value.&text=“We see digital twin adoption in all kinds of organizations
https://www.alexandria.unisg.ch/21557/
https://doi.org/10.4018/978-1-60566-026-4.ch553
https://doi.org/10.4018/978-1-60566-026-4.ch553
https://doi.org/10.1016/j.ifacol.2018.08.415
https://nca2014.globalchange.gov/highlights/report-findings/ecosystems-and-biodiversity
https://nca2014.globalchange.gov/highlights/report-findings/ecosystems-and-biodiversity
https://doi.org/10.1109/APPEEC45492.2019.8994622
https://doi.org/10.1109/APPEEC45492.2019.8994622
https://www.networkworld.com/article/3280225/what-is-digital-twin-technology-and-why-it-matters.html
https://www.networkworld.com/article/3280225/what-is-digital-twin-technology-and-why-it-matters.html
https://pecb.com/article/4-key-stages-of-asset-management-life-cycle
https://pecb.com/article/4-key-stages-of-asset-management-life-cycle


414

Redmond, K. (2017). Smart asset management, BIM, the internet of things and energy. 
Retrieved June 26, 2020, from https://www.pbctoday.co.uk/news/bim- news/
smart- asset- management- bim/30275/.

Treasury, H. M. (2018). The green book. Retrieved June 26, 2020, from https://assets.publishing.
service.gov.uk/government/uploads/system/uploads/attachment_data/file/685903/The_Green_
Book.pdf.

UK Department for Transport. (n.d.). Digital Strategy. Retrieved June 27, 2020, from https://assets.
publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/49475/
dft- digital- strategy.pdf.

UKGBC. (2019). Net zero carbon buildings: A framework definition. Retrieved June 26, 2020, 
from https://www.ukgbc.org/wp- content/uploads/2019/04/Net- Zero- Carbon- Buildings- A- 
framework- definition- print- version.pdf.

UNEP. (n.d.). Biodiversity and ecosystems. Retrieved June 27, 2020, from https://www.unenviron-
ment.org/explore-topics/resource-efficiency/what-we-do/cities/biodiversity-and-ecosystems.

Urmetzer, F., Parlikad, A. K., Pearson, C., & Neely, A. (2015). Design considerations for engineer-
ing asset management systems. In J. Amadi-Echendu, C. Hoohlo, & J. Mathew (Eds.), 9th 
WCEAM research papers (Lecture notes in mechanical engineering). Cham: Springer. https://
doi.org/10.1007/978- 3- 319- 15536- 4_22.

Vercator. (n.d.). LiDAR vs Point Clouds: Learn the Basics of Laser Scanning, 3D Surveys and Reality 
Capture. Retrieved June 26, 2020, from https://info.vercator.com/blog/lidar- vs- point- clouds.

Walters, A. (2016). Connecting information, engineering and operational technologies: Asset 
performance management provides the power of combining all systems into one. Plant 
Engineering, 70(9), 83–85.

Wang, C., Bi, Z., & Xu, L. D. (2014). IoT and cloud computing in automation of assembly mod-
eling systems. IEEE Transactions on Industrial Informatics, 10(2), 1426–1434. https://doi.
org/10.1109/TII.2014.2300346.

M. Lenton et al.

https://www.pbctoday.co.uk/news/bim-news/smart-asset-management-bim/30275/
https://www.pbctoday.co.uk/news/bim-news/smart-asset-management-bim/30275/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/685903/The_Green_Book.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/685903/The_Green_Book.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/685903/The_Green_Book.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/49475/dft-digital-strategy.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/49475/dft-digital-strategy.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/49475/dft-digital-strategy.pdf
https://www.ukgbc.org/wp-content/uploads/2019/04/Net-Zero-Carbon-Buildings-A-framework-definition-print-version.pdf
https://www.ukgbc.org/wp-content/uploads/2019/04/Net-Zero-Carbon-Buildings-A-framework-definition-print-version.pdf
https://doi.org/10.1007/978-3-319-15536-4_22
https://doi.org/10.1007/978-3-319-15536-4_22
https://info.vercator.com/blog/lidar-vs-point-clouds
https://doi.org/10.1109/TII.2014.2300346
https://doi.org/10.1109/TII.2014.2300346


415© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
C. Gorse et al. (eds.), Climate Emergency – Managing, Building, and Delivering  
the Sustainable Development Goals, https://doi.org/10.1007/978-3-030-79450-7_31

Chapter 31
Strategic Management of Assets 
and Compliance through the Application 
of BIM and Digital Twins: A Platform 
for Innovation in Building Management

Gav Roberts, Lee Reevell, Richard Pleace, Ah-Lian Kor, 
and Christopher Gorse

31.1  Introduction

BIM was introduced in the early 2000s to support building design for architects and 
engineers (Sacks et al., 2018). They focused on the improvement of preplanning and 
design, clash detection, visualisation, quantification, costing and data management. 
In addition, recently, there has been the appendage of basic functionalities, such as 
energy analysis, structural analysis, scheduling, progress tracking and jobsite safety 
(Volk et al., 2014).

The current use of BIM focuses on life cycle stages to maintenance, refurbish-
ment, deconstruction and end-of-life considerations. BIM is now an integral part of 
a business’s building asset management strategy, and maintains that an integration 
of BIM into asset management will ascertain accurate as well as up-to- date asset 
information. A benchmark in best practice asset management using BIM processes 
(i.e. BIM asset management Kitemark) has been developed by BSI (Sacks 
et al., 2018).

When BIM is used for facilities management in new buildings, clear benefits are 
reported, e.g. regarding improved information flows and project management, risk 
mitigation and positive return on investments. In many existing buildings, incom-
plete, obsolete or fragmented building information is predominating. Missing or 
obsolete building information might result in ineffective project management, 
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uncertain process results and time loss or cost increases in maintenance, retrofit and 
remediation processes (Ashworth et al., 2019), as existing buildings often lack as- 
built documentation due to omitted updating. BIM implementation in existing 
buildings has benefits of improved documentation management, clearer information 
on maintenance of warranty and service information, assessment and monitoring, 
energy and space management, emergency management and retrofit planning.

Various digital tools for building capture and auditing are available, such as 
2D/3D geometrical drawings, tachometry, laser scanning or automatic locating of 
images. If building documentation is inadequate for maintenance or deconstruction 
processes, capturing and surveying techniques with different qualities are applied to 
audit and gather the existing buildings’ characteristics. The functionality-related 
level of detail and the corresponding data capturing technique influence all follow-
ing steps of BIM creation and its associated effort.

Although on the one hand, implementation of BIM both in new and existing 
buildings induces profound changes of processes and information flows, on the 
other hand, it accrues considerable advantages. It can enhance project management 
and risk mitigation or limit costs and duration of facilities management. It might 
also affect sustainability ratings and certifications. It could be possible to monitor 
energy consumption, wastewater and maintenance costs. It would be achievable to 
illustrate environmental effects of the building and to verify and monitor consump-
tion and emission values. It would also validate data management, maintenance 
schedules and equipment warranties with respect to deterioration and cause-effect 
relationships. When a building reaches its end of life, there is the ability to consider 
its recyclability on a component level. With the addition of the latest technologies 
including IOT, sensors, automated compliance and future trends of automated cap-
ture, onsite progress tracking, measurements and monitoring can be shown through 
cloud computing solutions depicting building information and live transformations.

This can make serious improvements to the way buildings are managed. We aim 
to show the business advantages and prove cost, time and efficiency savings whilst 
depicting the environmental factors and how we can improve them.

Notwithstanding those benefits listed, it is essential that the business need and 
the stages for implementation are addressed and communicated to all parties, if 
BIM processes are to be effectively implemented (Wang et al., 2018). Whilst BIM 
Level 2 is claimed to be widespread, it is often poorly delivered (Attrill, 2020). 
There is a need to clearly define the process and expectations, and also to identify 
the barriers to the execution of BIM.

31.2  Drivers for an Integrated BIM Asset 
Management Model

Wang et al. (2015) have discussed how BIM could be exploited to support fire safety 
management. A key driver for such a change is the introduction of new fire safety 
legislation for properties with more than one dwelling which has resulted from the 
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Hackitt Report (Hackitt, 2018; Ministry of Housing, Communities and Local 
Government, 2020) into the Grenfell Tower fire. The proposed Bill (UK Government, 
2020) is currently at the stage 3 Committee stage in the House of Commons and will 
likely result in the introduction of new regulations which will extend the Fire Safety 
(Regulatory Reform) Order 2005; this will be supported by new and comprehensive 
Buildings Safety legislation. A draft version of the Bill will likely appear this sum-
mer, and the contents are expected to further clarify the responsibility of building 
owners, i.e. extending fire risk assessments to include the whole of the building and 
additional responsibilities for the design and construction of new build properties. 
Other elements of fire safety will likely include compartmentation and fire mitiga-
tion measures. The solution would demonstrate a fire safety model, including 
records of who fitted what where and when, the materials used, time/date for 
replacement and other auditing checks. The advantages would include insight into 
when maintenance, service and checks need performing. We would have easily 
accessible records of building fabric and internal wall structures, etc. Integration of 
BIM within asset management would help appropriately address regulatory compli-
ance (Sacks et al., 2018).

Studies are embracing BIM at the knowledge and decision-making level, yet few 
capture practical and meaningful application. The potential application of a BIM 
knowledge management system during operation and maintenance has been recog-
nised; however, with the exception of Wang et al. (2015), few considered the impor-
tance of fire compliance. The following case study describes the method adopted to 
provide an integrated BIM asset management model, with a clear need to ensure 
effective fire compliance.

31.3  Case Study: Process-Interaction Flow – An Integrated 
BIM Asset Management Model

The process-interaction flow for an integrated BIM asset management model is pro-
posed and the schematic depicted in Fig. 31.1. The process makes it easy to find the 
building and identify the part of the building or the asset to which the data is linked. 
The chronology of data linked to the asset can then be found.

The list of interactions is as follows:

• Centred around a web-based portal for the buildings, a 3D model is developed 
with the ability to be on focus in areas of interest.

• Live information about each individual component is displayed on demand.
• Pop up of alerts for upcoming scheduling information.
• Click on relevant location/asset for compliance documentation and 

certification.
• Data is sourced from external datasets, and it feeds back to the dashboard creat-

ing a full live building model.
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31.4  Digital Twin and BIM-Enabled Asset Management

Innovation is the successful exploitation of new ideas, and by partnering with 
Sitedesk and ecosystem partners to introduce a small-scale model, we demonstrated 
the value of BIM to the business. Lu et al. (2020) proposed integrating the digital 
twin concept into smart asset management. Thus, future aspirations include an inte-
grated digital twin, for life cycle BIM- enabled asset management for all multiple 
occupancy and single occupancy buildings (note: the number of buildings currently 
within the group holdings exceeds 7000).

Illustrated in Fig. 31.2 are the key drivers following industry best practice and 
positive business outcomes when creating an integrated digital twin based on four 
sources of data within an asset management ecosystem. They are asset (or survey) 
data, BIM-related data, IoT sensor data and performance-related data.

The integrated digital twin will undergo an iterative growth as proof of concepts 
are verified and validated. To reiterate, the aim of this integrated digital twin is to 
improve workflows and demonstrate an improved fire compliance and fire safety 
system. It evidences compliance requirements set out in current legislation with 
quick access to certification and direct links to our management information sys-
tem. It will reduce management overhead costs and most importantly to make cus-
tomers safer in their homes. The prototype demonstrates the foundations of a BIM 
system that facilitates intelligent data lead decisions and focus resource into areas 
that need them the most.

Fig. 31.1 Schematic and flow process for asset data management
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31.5  Smart BIM-Enabled Asset Management Ecosystem

Figure 31.3 depicts the components of a smart BIM-enabled asset management eco-
system (within BIM process and protocols framework and standards – PAS 1192–3: 
2014; ISO 55000: 2013; NEC contracts). They are IoT sensing, asset management, 
e-procurement and supply chain, 3D BIM and visualisation, data insights, block-
chain and traceability system.

Figure 31.4 presents an integrated schematic of an end-to-end, joined-up, modu-
lar and scalable digital framework to provide room for future organic growth. 
Relevant components are data GPS, data analysis (e.g. using big data analysis to 
provide insights), data for management and control (e.g. building management sys-
tem for automation; SCADA; asset management) and data visualisation (through 
dashboards) and acquisition (through IoT sensors and SCADA).

Fig. 31.2 Digital twin for BIM-enabled asset management

Fig. 31.3 BIM-enabled asset management ecosystem (components required)
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A list of functionalities for our proposed smart asset management systems 
is as follows:

 1. User Interface: A web-based solution that everyone in the business can have 
access to and provide them with the information from any platform.

 2. Control Centre: Control for offline and online assets and related work orders.
 3. Management:

 (a) Manage, measure and optimise work orders and staff.
 (b) Manage compliance, health and safety ensuring right qualified resource to 

complete the job.
 (c) Manage, measure and optimise third-party contracts and pull data from 

existing models and visualisations and interact from within an asset manage-
ment window.

 (d) Service Level Management:

• Details of KPIs and service level management for ops teams, suppliers and 
critical assets; the system will directly link to e-procurement for spares and 
consumables.

• Service level management for operations, suppliers and assets: SLAs vs 
costs of service.

 (e) Inventory Management: To ensure inventory and reduce procurement 
overheads.

 4. Procurement: Procurement model would ensure right product, right price and 
right lead- time based on right criteria – to ensure uptime, compliance, H&S, 
SLAs and target KPIs.

 5. Data Analytics: Directly linked into data analytics displaying energy consump-
tion and carbon footprint with evidencing positive improvements.

 6. Predictive Maintenance: Planned and IoT-enabled predictive maintenance to 
ensure parts delivered on time and in stores and reserved for jobs.

Fig. 31.4 Smart asset management solution
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 7. Performance Improvement:

 (f) Improve uptime and optimise procure-to-pay for materials, spares and 
consumables.

 (g) Improve supplier performance, management and consolidation.

 8. Auditability, Traceability and Transparency:

 (h) Real-time auditable trail shared between customer and third parties to ensure 
SLAs, compliance, pricing and contractual agreements respected and 
improved.

 (i) Smart contracts – reduce procurement overheads and optimise P2P process 
via a traceable end-to-end process.

 (j) Compliance  – auditable trace of genuine products and certified operators 
(insurance and auditors).

 (k) Transparency between customer and suppliers to increase loyalty – one ver-
sion of truth.

31.6  Methodology

The pieces of the puzzle illustrated (in Fig. 31.4) will create a smart asset manage-
ment framework, by bringing each piece of the puzzle systematically together. At 
each stage, the process can be assessed, determining if the benefits have been 
realised and the business advantage remains. The road is mapped out creating a 
digital vision that is assured through performance. Our roadmap will have three- 
phased approach namely: Start Small, with the ability to Scale Fast whilst Thinking 
Big (see Fig. 31.5).

To achieve the target of an integrated digital twin for end-to-end whole life cycle 
asset management, an agile methodology (Rigby et al., 2016) will be adopted. It 
will be underpinned by three principles: Start Small, Scale Fast, and Think Big. Risk 
aversion will be demonstrated to evidence its benefits. This is supported by the ‘Try 
then Buy’ ethos (Coghlan, 2017) and Minimum viable product (MVP) (see 
Technopedia, 2020) concept. A key premise behind the idea of MVP is that you 
produce something of value of which to demonstrate as a solution to the business 
problem. This may be no more than a landing page, or a service with an appearance 
of automation, but which is fully manual behind the scenes. Seeing what people do 
with respect to a product is much more reliable than asking people what they would 
do. The primary benefit of an MVP is so we can gain an understanding of the busi-
ness’ requirements without fully developing the product. Proving the model before-
hand will help staff understand the advantages of BIM which can be expanded upon.

Following the MVP approach we have chosen a vehicle as an analogy (see 
Fig. 31.6). We first begin to build a test scooter to prove we need wheels and dem-
onstrate its benefits. However, our ultimate aim is to make a self-driving car.
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31.7  Use Case: Churchill Mansions

The process of moving to a digital twin solution started by incorporating available 
2D and 3D data for Churchill Mansions (see Fig. 31.7) into BIM models which 
Sitedesk made available as a digital twin – Sitedesk is the BIM visualisation com-
ponent of the Ecosystem offering, and it provides a simple and easy-to-use environ-
ment through which users can interact with 2D and 3D digital twins and also access 
the underlying power within the various elements of the Ecosystem. Initially 
Sitedesk’s own common data environment (CDE) was used to underpin the collab-
orative process.

Fig. 31.5 Three-phased approach for smart asset management

Fig. 31.6 A vehicle analogy: from building a test scooter to a self-driving car

G. Roberts et al.



423

The building has 11 floors with 44 apartments and the documentation for this 
building is limited. Using the plans shown below (Fig.  31.8 (a)–(c); Fig.  31.9), 
Sitedesk has created the building as a 3D model to use for the visualisation and 
contains the addition of the extra asset details not in the original drawings.

31.7.1  Phase 1: Start Small

By interacting with the digital twin of Churchill Mansions, Halton Housing were 
able to identify key components and areas which came under the umbrella of the 
revised regulatory requirements. Once identified Sitedesk enabled Halton Housing 
to monitor the workflow and store all associated documentation to provide a com-
plete record of what had been undertaken to comply with the legislative requirements.

The benefits Halton Housing experienced as a result of using Sitedesk are:

• Higher quality data controlled within a central system rather than being kept in 
an unstructured way within multiple systems.

• Improved productivity through simple, intuitive interaction with the digital twin 
to locate and report on assets/locations of interest.

• Improved monitoring and adherence to health and safety and compliance obliga-
tions by having centralised data with auditable operations and intervention 
tracing.

• Ability to access the digital twin and all its associated documentation using 
mobiles, tablets and laptops.

• Being able to make the most of the variable quality of data available for sites 
being controlled – some sites have 2D documentation only for example.

Fig. 31.7 Churchill 
Mansions, Runcorn, 
Cheshire, WA7 1DH
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Fig. 31.8 Churchill Mansions plans. (a) Ground floor – access level. (b) Example floor plan. (c) 
Basic 3D floor diagram
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In the future, as Halton Housing’s requirements grow to necessitate deploying 
other sophisticated components within the Ecosystem, the data within Sitedesk can 
be used to seed these other components to provide a straightforward migration path 
to the further advanced functionality that is available throughout.

Working with Sitedesk on phase 1 demonstrated the art of what is possible by 
creating the first piece of the puzzle (highlighted in Fig. 31.10); now the prototype 
has been developed, and it is in its testing phase, working on functionality with the 
business partners and stakeholders.

The goals (achieved) for phase 1 are to:
• Demonstrate the art of possible.
• Build the 3D model.
• Create a basic database environment.
• Construct a navigation system.
• Record business critical assets.
• Create framework for collaboration and management of risk.
• Record assurance and compliance.
• Support cultural and change through training and mentoring.

Advantages found are:
• Ease of information access.
• Auditing strategies.
• Business acceptance.
• Traceability.
• Compliance.

Fig. 31.9 Example of a single apartment
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31.7.2  Phase 2: Scale Fast

Phase 2 is the next step and the foundations have been put in place to start this 
expansion with the goals of improving collaboration and integration of known 
assets during the life cycle phase of the building. Using the 3D models previously 
created allows interactions with assets and locations in an intuitive manner to be 
able to have quick and easy retrieval of asset condition, service records and location 
information automatically by connecting the model to data sources. As depicted in 
Fig. 31.11, it adds more pieces to the puzzle expanding functionality, performance 
and automation.

• Extended PoC within the high-rise flats.
• Integrate IoT points of interest.
• Generate and demonstrate real-time data.
• Scan to create point cloud renderings of locations and assets of interest.
• Introduce IoT sensing and display on 3D model.
• Add a basic asset control centre.
• Record supply of recorder building materials and associated traceability.

Advantages
• Ease of information access.
• Auditing strategies.
• Business acceptance.
• Traceability.
• Automated compliance.

Big Data
Insights

Inventory
Analytics

loT Assest Mgt
Supply
Chain

Blockchain

3D/ BIM

Fig. 31.10 3D/BIM
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• Real-time data from overlaying IoT devices for increased productivity.
• Automatic ordering of faulty parts.
• Boiler house monitoring.

31.7.3  Phase 3: Think Big

With a constant stream of live data from people, sensors and devices, the model can 
encompass all effecting factors. Looking at the final pieces of the puzzle and bring-
ing them online will change the way the buildings are not only managed but lived in 
as well. Asset management can be challenging. With phase 3, it would be possible 
to offer comprehensive solutions for managing physical assets on a common enter-
prise platform for many built forms. Now we are talking about the building as single 
living asset (see Fig. 31.12).

Advantages
• Operations productivity and KPIs.
• Improve asset uptime.
• Optimise asset usage and performance.
• Improve energy sustainability.
• Gain insights from connected assets.
• Reduce P2P overheads and cost of spares.
• Reduce inventory and consolidate suppliers.
• Improve service level management and introduce smart contracts.

Fig. 31.11 BIM, IoT, supply chain and asset management goals
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• Compliance and health and safety: apply, trace and report.
• Improve employee working environment.
• Procurement integration.

31.8  Conclusion: Future Development

With phase 1 completed and the business desire to continue to the next phase, the 
changes to building life cycle management are profound. By expanding to a con-
stant stream of live data from people, sensors and devices, the model can offer 
comprehensive solutions for managing assets using Building Information Modelling 
to develop the digital twin of Churchill Mansions and improve strategic manage-
ment of assets and compliance. This is the start of a platform for future innovations 
in building management in the social housing sector.

It is clear that so many organisations face challenges when transforming to digi-
tised practice. Prior research evidences the confusion that some organisations face, 
as they engage with the BIM framework (Winfield & Rock, 2018). The initial steps 
taken in this case study arose out of a desire to bring about improved performance 
and capability to the business and also as a result of needing to adequately address 
the changes to building regulations and fire safety compliance. The phase adoption 
will allow the business and board to witness the changes, financial implications and 
benefits.

Fig. 31.12 Building as a single living asset

G. Roberts et al.



429

Whilst the industry is aware of BIM and the potential benefits of digitisation, the 
transformation within the sector remains slow (Sacks et al., 2018; Volk et al., 2014). 
The initial steps taken demonstrate that it is essential that the desire to disrupt and 
digitise the sector should be met with a clear business need. The regulatory changes 
and recent events such as the COVID-19 epidemic are bringing about a need to 
rationalise and improve data collection, communication and rapid response pro-
cesses. Whilst previously acknowledged (Ashworth et al., 2019), the need for col-
laborative platforms, advancing the way information is delivered and managed, is 
clearly evident. This project has documented the step change and phases adopted 
through a case study. The work and research is ongoing, with further reflections to 
be shared.
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Chapter 32
BIM Education Through Problem-Based 
Learning Exercise: Challenges 
and Opportunities in an Inter-Professional 
Module

Shariful Shikder

32.1  Introduction

The incorporation of BIM is changing the traditional method of working within the 
architecture, engineering and construction (AEC) industry. BIM is a broad term that 
describes the process of creating and managing information produced during the 
lifecycle of a project using 3D information modelling and other digital tools for col-
laboration and information management. The tools allow professionals from mul-
tiple disciplines to share and view design information in a structured way using the 
common data environment (CDE) (NBS, 2016). The key principle of BIM is to 
promote a collaborative working culture with a seamless flow of information 
between stakeholders. BIM has become an integral part of the UK construction 
industry since the enforcement of the government’s BIM mandate in 2016. However, 
one of the biggest challenges of industry-wide BIM adoption is the lack of BIM 
knowledge and expertise (Georgiadou, 2019; Kassem et al., 2015). Hence, with the 
changing scenario of the construction industry, higher education institutions also 
face the pressure to update their curriculum and education methods.

However, it may be challenging to include BIM education within the compact 
construction management, surveying and engineering curriculum (Becerik-Gerber 
et al., 2011). Since the concept of BIM emerged during the 2000s, the method and 
content of BIM education have been subject to research by many authors in higher 
education institutions (Alwan et al., 2015; Boeykens et al., 2013; Bozoglu, 2016; 
Gledson & Greenwood, 2016; Mathews, 2013; Zhao et al., 2015). The project-based 
education is widely used in construction and engineering education, and recently 
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the method is also adopted in BIM education (Bozoglu, 2016; Leite, 2016). However, 
the rapid development of software and hardware technology makes the transition 
from the traditional approach to adopt the BIM process more challenging, and few 
early authors indicated there is a lack of knowledge about BIM pedagogy (Wang & 
Leite, 2014). Hence, the need to evaluate existing teaching methods and exploring 
opportunities for the future is necessary.

Existing literature suggests that problem-based learning (PBL) and/or coopera-
tive learning is applied as a teaching method for BIM education. In PBL, students 
are supposed to achieve a common goal while working in small groups. The com-
mon goal for each group may be to deliver a design project, feasibility report or 
BIM execution plan, etc. The assessment methods include primarily observing and 
analysing collaborative decision-making process using digital tools.

Based on the constructivist learning principles (Jonassen, 1994), a problem- 
based learning (PBL) technique is applied in an inter-professional studies (IPS) 
module to explore opportunities for BIM education. Unlike few other case studies 
from the literature review (Boeykens et al., 2013; Leite, 2016; Zhao et al., 2015), the 
IPS exercise is not dedicated specifically for BIM education; however, the aim was 
to embed BIM education in a construction-related group project (e.g. design pro-
posal and a feasibility report).

32.2  Aim and Objectives

This study aims to identify the prospect of inter-professional group projects 
(problem- based learning exercise) as a method of educating Building Information 
Modelling (BIM) among AEC students.

The following objectives are set to achieve the above aim:

• Identify the students’ existing knowledge of BIM (method: PollEV survey).
• Identify collaboration methods between group members and use of digital tools 

for the design/proposal development (method: observation, group-based discus-
sion, PollEV survey).

• Identify limitations and challenges of the inter-professional group projects in 
delivering BIM education (method: literature review and data analysis).

• Explore further opportunities for improving BIM education through inter- 
professional studies module (method: literature review and results analysis).

32.3  Research Methods

Problem-based learning exercise in the inter-professional studies (IPS) module: 
Students from four disciplines were involved in this module. They include final year 
undergraduate students (Level 6) of Architectural Technology (AT), Building 

S. Shikder



433

Surveying, Quantity Surveying and Project Management courses. They worked in 
small groups (five to six members) and aimed to develop a schematic design pro-
posal and a feasibility report for a given site.

Data collection and analysis methods: This study employed a mixture of quan-
titative and qualitative methods, which includes two questionnaire surveys along 
with qualitative discussion and observation of group activities. Data were collected 
in various formats for 8 weeks as shown in Fig. 32.1.

Questionnaire surveys were conducted in week 2 to develop a general under-
standing of the students’ BIM knowledge at the beginning of the term (see Fig. 32.1). 
Another survey was conducted again in week 9 to gather their knowledge of BIM 
and experience of collaborative working. Group-based discussion and observation 
were conducted to identify their understanding of the BIM process, group collabo-
ration and the use of BIM-specific tools. Throughout the period, the author also 
observed group members’ involvement in the collaborative decision-making pro-
cess. And finally, assessment and observation took place during the groups’ final 
presentations, which provided an opportunity to assess their understanding of rele-
vant standards and compliance criteria. A schematic representation of the adopted 
research method is shown in Fig. 32.1.

32.4  Results

Findings from the week 2 survey show that most of the students had a basic under-
standing of BIM; however, their knowledge was insufficient to understand the BIM 
process. Figures 32.2, 32.3, and 32.4 present the results of three questions asked to 
the students. The first question was “What is BIM?”, where most of the students 
were able to identify that it was a process. However, when advanced questions were 

Fig. 32.1 Research flow diagram
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asked related to governments’ BIM mandate and information management, most of 
the students were not aware of them. The results show that most of the students did 
not know about common data environment (CDE) and were not aware of UK gov-
ernments’ BIM mandate (IPA, 2016). These findings indicate that they were not 
aware of the key process and principles of BIM.

Another survey was conducted in week 9, and between these periods, there was 
a seminar related to BIM, which covered relevant BIM principles, process and stan-
dards. The students were also encouraged to conduct research and make their proj-
ect proposal BIM compliant. As expected, it was found in week 9 that most of the 
students are well aware of the BIM process and governments’ BIM mandate, includ-
ing some understanding of the common data environment (CDE). However, ques-
tions related to group collaboration provided mixed answers.

Fig. 32.2 Result of the question “What is BIM?”

Fig. 32.3 Result of the question related to the UK government’s BIM mandate
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Students agreed that communication and collaboration within the group mem-
bers were satisfactory (Fig. 32.5), and it was found that most of the students used 
real-time text messaging apps (e.g. WhatsApp, Facebook messenger, etc.) to com-
municate with group members (Fig. 32.7). However, a considerable portion (40%) 
did not agree that the group exercise improved their learning of a collaborative 
working environment (Fig. 32.6). An explanation of the above result may be a por-
tion of students were too much focussed on individual performances than group 
collaboration. A question related to document sharing methods also revealed that 
the most of them used online messaging services (e.g. WhatsApp) to share files; 
however, they also used cloud-based file sharing platforms like Dropbox or 
OneDrive (Fig. 32.8).

The observation of group activities identified that not all group members were 
equally competent in using BIM-specific tools. In most of the groups, only 

Fig. 32.4 Results of the question related to common data environment (CDE)

Fig. 32.5 Students’ response to communication and collaboration between group members
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Architectural Technology students used specific BIM authoring tools (Autodesk 
Revit) for their design development. The work started by printing out the site plan; 
most of the groups started with sketches and discussion. It was found site plan was 
converted to CAD drawing, and AT students took responsibility to start drawing up 
their proposal, where QS/BS students later participated in the costing of the project. 
Ideally, the CAD drawing could have been taken to a BIM-specific software and 
further developed. Although some AT students utilised Revit to produce their draw-
ings and models, none of the project managers, BS or QS used any BIM-specific 
software.

Although the final assessment shows the groups were aware of relevant standards 
to make the project BIM compliant, collaborative group activities were not intuitive 
to follow the principles of BIM. Among the 11 groups, most of the groups did not 
discuss their collaborative working practice as a part of the BIM adoption.

Fig. 32.6 Students’ response to the learning experience of the collaborative working environment

Fig. 32.7 Communication tools between group members
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32.5  Discussion

It was evident that the PBL method was successful in developing a feasibility report. 
Such an approach is expected to work as a mean of transferring theoretical knowl-
edge to workplace practice (Mathews, 2013).

Although the students developed a better awareness of the BIM process, the col-
laborative use of BIM application lacked within the group exercise. One of the 
reasons may be their group collaboration using BIM principles and the use of BIM- 
specific software/tools was not mandatory; hence, they were more concentrated in 
elements which involved formal assessment. Collaboration is a key principle of the 
BIM process (Kumar, 2015), and students should be encouraged to utilise digital 
tools adequately to maximise collaboration. The students must be equipped with 
adequate tools to support this idea, for example, the CDE, specific software, lab 
facilities, etc.

Students may not want to learn new software in a short period, and previous 
experience of using BIM software was found highly beneficial in this context; this 
finding is also evident from existing literature (Zhao et al., 2015). Separate direct 
supervision based on disciplines may be necessary to improve the use of BIM- 
specific software/tools in such a PBL setting (Perrenet et al., 2000).

The understanding of BIM principles and process was also not equal among all 
group members. Each group member was assigned with a specific task/client con-
cerns, and the cumulative group presentation showed they were able to deal with the 
specific problems. One of the group members was responsible for developing the 
BIM compliance strategy for each group, and that particular group member was 
more involved in BIM-related studies. It should be noted that the adoption of BIM 
principles within the group exercise was not assessed; hence, the students did not 
feel any necessity to incorporate such principles/practice.

Teaching BIM may be challenging for various reasons. Leite (2016) highlighted 
a few challenges of teaching BIM. Firstly, the students need to understand the con-
cept of BIM correctly. It’s not a simple software to support any individual 

Fig. 32.8 Document sharing between group members
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discipline. Hence, understanding the collaboration and information management 
process is as important as learning a software. Because of the rapid change of soft-
ware and hardware technology, it may be possible that their knowledge of specific 
software can be obsolete in the near future; hence, self-directed learning should be 
emphasised. Furthermore, BIM is still emerging and the students should be able to 
imply critical thinking about the BIM process.

One of the key elements of project-based learning is all tutors need to be clear 
about the objectives or goals of the module. Hence, incorporating BIM requires all 
tutors are thinking in the same level and expect similar output (Perrenet et al., 2000).

32.6  Conclusion and Recommendations

The study adopted a mixed approach to identify the BIM education prospect through 
an inter-professional module. In summary, it is found that the inter-professional 
module with a PBL setting has prospects of educating BIM principles and process 
among architecture and construction students. The findings of this study are also 
supported by the existing literature (Boeykens et  al., 2013; Zhao et  al., 2015). 
However, unlike other examples from the literature review, this inter-professional 
module was not specifically dedicated to educating BIM. The study also identified 
and discussed several challenges of BIM education in a PBL setting. Apart from 
technical challenges (infrastructure/CDE/ software, etc.), the discussion highlighted 
the importance of specifying learning outcomes of the module and each tutors’ 
commitment and engagement to incorporate BIM education.

The findings of this study highlighted some of the key issues that should be con-
sidered in the future. Based on the empirical research findings, the following recom-
mendations are proposed to improvise BIM education through the 
inter-professional module:

• Introduction to BIM-specific software in earlier semesters needs to be focussed 
so students can apply their expertise in this module and improve their BIM com-
petency. This would provide them with a hands-on experience of applying theo-
retical knowledge to a practice like environment.

• Students should be encouraged to use BIM-specific software packages in the 
IPS module.

• Simulating a collaborative BIM environment requires infrastructure (e.g. com-
mon data environment and relevant software, etc.), which should be addressed.

• To maximise the benefit of the collaborative working process using BIM princi-
ples, all relevant disciplines should establish desired learning outcomes; school- 
wise awareness is necessary to achieve this aim.

• Because of the rapid changes of software and hardware technology, it may be 
possible that the knowledge on specific software can be obsolete in the near 
future; therefore, self-directed learning should be emphasised (Leite, 2016).
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• Future studies should include in-depth research including industry professionals 
and academics to determine specific industry requirement regarding BIM skills 
and specific pedagogic approach for higher education institutions.
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Chapter 33
Investigating the Trinity Between 
Sustainability and BIM-Lean Synergy: 
A Systematic Review of Existing Studies

Hafize Büşra Bostancı, Onur Behzat Tokdemir, and Ali Murat Tanyer

33.1  Introduction

Environmental problems cause the abuse of natural resources and the release of 
GHG (greenhouse gases) into the atmosphere; therefore, these problems have 
become the reality that the world has to face today at many fields. Within this con-
text, creating a more sustainable environment has become a phenomenon among the 
researches and practitioners. Particularly, when the impacts of the construction 
industry for the environment are considered, the reflection of sustainability on AEC 
industry has reached the peak to gain more sustainable built environment by mini-
mizing waste and increasing the rapid and precise production. Within this perspec-
tive, the cutting-edge technologies have paved the way for constructing more 
sustainable buildings by controlling and monitoring the whole process from design 
to construction. The development of CAD technologies has led the development of 
Building Information Modeling (BIM) technologies that provide any kind of infor-
mation about buildings. The main benefit of BIM is to make the whole process from 
conceptual design to physical production of buildings easier for all stakeholders of 
AEC industry. Garber (2014) states that “BIM enables the whole design and con-
struction groups to digitally arrange the complex building process before the con-
struction” (Garber, 2014, p. 14). Thus, BIM technologies have become a significant 
matter for sustainable construction by controlling every process to eliminate wastes 
and to reduce rework, even for more complex structures. However, as Alwan et al. 
state (2017, “the strategic vision for sustainability needs to be strengthened for inef-
ficient logistics and communication” (Alwan et al., 2017). Sacks et al. (2010) have 
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indicated this approach by expressing the relation between BIM and lean construc-
tion. It is clarified that both lean construction, which is a cognitive approach for 
project and construction management, and BIM, a transformative information tech-
nology for the construction industry, are two significant innovations leading to pro-
found shifts in AEC industry (Sacks et al., 2010). The synergies between these two 
concepts could help to reform productivity, efficiency, and quality for sustainable 
development (Arayici et al., 2011). Hence, the attention on these three concepts has 
started to increase among researchers and practitioners who want to implement 
these synergies to design the design process. Within this point of view, this paper 
focuses on a bibliometric review for the relationship between sustainability and 
BIM-Lean synergy by analyzing the research fields to identify a knowledge-based 
conceptual structure and to enable a social network for future studies.

33.2  Conceptual Review

33.2.1  Building Sustainability

The modern concept of sustainable development is introduced in the report “Our 
Common Future,” commonly recognized as Brundtland Report (1987), released by 
United Nations World Commission on Environment and Development in 1987 
(Brundtland, 1987; Tolba & Biswas, 1991, p. 29). In this report, sustainable devel-
opment is described as “paths of human progress that meet the needs and aspirations 
of the present generation without compromising the ability of future generations to 
meet their needs” (Brundtland, 1987; Tolba & Biswas, 1991, p. 29). Thus, the inter-
est for sustainable development has started to increase to reduce the detrimental 
effect of any kind of products from a plastic to a huge-complex building by mini-
mizing potential negative environmental impacts since the Brundtland Report has 
been published. In this context, the concept of sustainability has also gained impor-
tance in the construction industry. The foundations of the term “sustainable con-
struction” have been laid to define the responsibility of the construction industry to 
achieve sustainability at the International Conference on Sustainable Construction, 
whose main goal is to evaluate “sustainable construction” or “green construction.” 
At this conference, Kilbert (1994) claimed that sustainable structure means “creat-
ing a healthy environment by using resource-efficient, ecologically-based princi-
ples” (Hill & Bowen, 1997; Kilbert, 1994). Therefore, minimizing and eliminating 
the effects of the construction activities by controlling, monitoring, and managing 
each process has become the main goal of construction industry because of being 
the top industry among others, such as transportation and infrastructure, which con-
sumes energy mostly, decreasing natural resources and raw materials. According to 
the data of Organisation for Economic Co-operation and Development (OECD), 
the construction industry consumes nearly 40% of primary energy (OECD, 2003); 
furthermore, World Business Council for Sustainable Development (WBCSD) has 
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reported that 75–85% of the energy consumed in buildings is consumed during use 
and maintenance (WBCSD, 2008, p. 48). In this sense, creating a more sustainable 
built environment has become a priority among the researchers and practitioners to 
save the natural sources and to reduce the impact of climate change as well as to 
prevent it.

33.2.2  Building Information Modeling (BIM)

Building Information Modeling (BIM) is a system developed by innovative soft-
ware companies and universities within the scope of programs that mature from 
object-based parametric modeling. It is widely used in AEC professions as it is an 
application that transforms building design and process standards. BIM allows the 
whole design and production group to digitally arrange the complex construction 
process before the structure is physically produced by leading the designer to find 
“many more aspects of the project in the initial dimensioning phase using complex 
computer graphics tools” (Garber, 2014, p.  14). BIM continues to maintain its 
importance as a technology that reflects and emphasizes building processes and 
influences not only how buildings are built (efficiency and operations) but also how 
buildings are designed to generate and analyze building models. Moreover, it 
enables the production of a model that contains all the geometric and nongeometric 
data of the building and its surroundings by processing and calculating data in a 
coordinated and interactive manner. Besides, BIM ensures that the whole process, 
taking place in the ongoing cycle from design to demolition, is carried out interac-
tively by stakeholders, and promises to integrate all types of data needed into a 
single file or model; therefore, it causes a paradigmatic change in the AEC sector 
through these features (Kumar, 2015, p. 23). In consequence, use of BIM, leading a 
more sustainable globe, changes the way of constructing for a better built environ-
ment by (i) reducing waste occurring during design and construction process due to 
creation of simultaneous studies among stakeholders, (ii) ensuring all kind of infor-
mation from the quantity of material to the energy consumption of a building during 
operation and maintenance, and (iii) providing simple solutions for manufacturing 
of components of complex structures in order to prevent the production errors.

33.2.3  Lean Construction

The background of the lean concept, developed by Toyota Engineer Taiichi Ohno, 
traces back to the 1960s. The term refers to the main concepts of Toyota Production 
System (TPS) that aims to improve efficiency by eliminating waste occurring during 
production, with two main pillars: (i) just-in-time flow (JIT) and (ii) autonomation. 
In this point, the lean concept concentrates on minimizing waste to develop value in 
order to meet customer demand and maintain profitability (Carvalho et al., 2010; 
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Womack et  al., 1991). Huge problems, such as uncertainty of safety conditions, 
waste of time between workflows, and large amount of construction waste that the 
construction industry has to deal with, enable the industry to find ways to increase 
efficiency. As Ballard and Howell (2003) states, Koskela (1992) has introduced the 
new concepts and techniques in order to explore and apply them to the construction 
industry (Ballard & Howell, 2003; Koskela, 1992). Furthermore, Koskela (1999) 
and Howell (1999) have indicated to consider the construction industry as produc-
tion one by expressing the idea of “to compress the cycle time by eliminating non- 
value- adding time” and have introduced the main theoretical principles to apply into 
construction industry (Howell, 1999; Koskela, 1999). Thus, lean thinking has started 
to be implemented in the construction industry, and it can actually be considered for 
the construction industry as a new approach in all processes from design and pro-
duction to workforce and supply chain. Sacks et al. (2010) state that lean construc-
tion refers to the adaptation and application of lean principles for construction 
industry to take attention for reducing waste and enhancing efficiency by maintain-
ing continuity in improvement (Sacks et  al., 2010). This could be achieved by 
reducing variability, increasing reliability and productivity, and developing both 
workflow and overall efficiency (Francis & Thomas, 2019). As all employees domi-
nate the process during the workflow, the whole process can be enhanced. 
Consequently, as Pinch (2005) states that the lean thinking is “the slimmer, the more 
streamlined, the better” (Pinch, 2005), it could be the best approach in order to 
transform the construction industry by improving the activities hidden within the 
industry.

33.3  Research Methodology

The rise in the number of academic publications has led the researchers to under-
stand and organize their studies in a different manner because of the challenge in 
order to accumulate knowledge. Within this context, fulfilling a successful literature 
review is the main step for sustaining a study. Rousseau (2012) has defined the lit-
erature review containing contextual information for a study (Rousseau, 2012, 
p.  347) as synthesizing alternative solutions by understanding the problem and 
judging how the results of these solutions are going to benefit in a special context 
(Rousseau, 2012, p. 52, Aria & Cuccurullo, 2017). Thus, different ways for quanti-
tative and qualitative researchers have been developed. One of these approaches is 
“bibliometric analysis” that was firstly used in 1969. Between others, bibliometric 
analysis has the ability to implement a comprehensive, straightforward, and repro-
ducible analysis method focused on the statistical measurement of science, thanks 
to providing a more objective and reliable analysis (Aria & Cuccurullo, 2017). 
Therefore, the research methodology of this study is a systematic review based on a 
bibliometric analysis in order to take attention to the studies focusing on the synergy 
among BIM-Lean-Sustainability. Within the perspective of this study, data for anal-
ysis is extracted from the Scopus database because it contained most of the 
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higher-ranked journals. First of all, keywords are defined in order to do useful 
research (Table  33.1). Then, publications containing these three concepts are 
searched in Scopus (Fig. 33.1).

The research containing the publications between 2011 and 2020 shows that 
53% of the results are conference papers, 31% of the results are articles, and 16% of 
the results are reviews and books (Fig. 33.1a). Besides, it is clarified that there are 
ten articles within these years, as seen in Fig. 33.1b. The numbers of articles have a 
peak in 2018; on the other hand, it can be said that the interest for evaluating the 
relation between BIM, Lean, and Sustainability has decreased by 2019. For this 
reason, in order to find the trilogy between these three concepts, new research is 
provided in Scopus by matching the concepts in pairs. In this context, research con-
tinues as BIM-Lean, BIM-Sustainability, and Lean-Sustainability. Since the studies 
carried out at the intersection of three concepts are encountered between the years 
of 2011 and 2020, the year range in the rest of the study is also determined as 
2011–2020. In addition, the research is limited by the studies in the fields of 
Engineering and Environmental Science and by the studies in English. When the 
articles studied between these years are examined, values appearing in Fig. 33.2 
have been obtained.

The information obtained in this sortation is exported in BibTex format and ana-
lyzed separately with “bibliometrix R-package and Biblioshiny software package.” 
The focus of the bibliometric analysis is on co-word analysis, which is the only 
method that uses the most important words or keywords to study the conceptual 
structure of a research area. Then, co-author analysis, identifying the authors to 
study the social structure and collaboration networks, and citation analysis, proving 
the counts to measure the similarity between authors and publications (Aria & 
Cuccurullo, 2017), are focused.

33.4  Outcomes

The results exported from Scopus are processed in order to address a scientific map-
ping tool (data update time May 22, 2020). The analysis is limited to the top 20 
keywords and the top 10 authors (because there are 10 publications for trinity). As 
mentioned, because of the limited results for BIM-Lean-Sustainability research top-
ics, the study is carried out in four stages in order to address the synergy between 
these as in pairs.

Table 33.1 Selected keywords for research

Topics Keywords search options

BIM “Building information modelling” OR “building information modeling” OR BIM
Lean Lean OR “lean construction” OR “lean thinking”
Sustainability Sustainability OR sustainable OR green OR environmental
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33.4.1  Stage 1: “BIM-Lean” Research

The number of the results according to the research parameters is 71 articles within 
the perspective of this stage. This stage is contacted with “(“building information 
modelling” OR “building information modeling” OR BIM) AND (lean OR “lean 
construction” OR “lean thinking”)” keywords (Table 33.1). Figure 33.3 shows the 
top authors’ production over the years and the most cited authors.

As it is seen in Fig. 33.3, although the most productive author is seen as Koskela, 
the most cited one becomes Arayıcı. When the publications are analyzed, it is fig-
ured out that there are publications provided by Arayıcı and Koskela collaboration. 
Besides, the publications, that Koskela isn’t the first author for, can affect this 
duality.

Fig. 33.1 (a) The result among publications in Scopus database. (b) The numbers of articles pub-
lished between 2011 and 2020 for trinity
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Figure 33.4 presents the most co-occurred keywords. These analyses are con-
ducted according to both keywords plus and authors’ keywords. The top 20 key-
words are evaluated within the scope of the analysis.

The biggest keywords show the biggest impact. “Architectural design” keyword 
has the highest impact among the publications according to the topics (Fig. 33.4a). 
On the other hands, if the most co-occurrence authors’ keywords are evaluated, it is 
seen that “lean construction” keyword has the highest impact (Fig. 33.4b). Besides, 
it can be stated that keywords for two separated analyses vary from each other.

Fig. 33.2 The diagram of the number of results for both pairs and trinity

Fig. 33.3 (a) The authors’ production over the years. (b) The most cited authors (Stage 1)
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Fig. 33.4 (a) Most co-occurred keywords among the topics of publications. (b) Most co-occurred 
authors’ keywords (Stage 1)
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33.4.2  Stage 2: “BIM-Sustainability” Research

The number of the results according to the research parameters is 535 articles within 
the perspective of this stage. The interest for these topics is more than the first stage. 
This stage is contacted with “(“building information modelling” OR “building 
information modeling” OR BIM) AND (sustainability OR sustainable OR green 
OR environmental)” keywords (Table 33.1). The top authors’ production over the 
years and the most cited authors are shown in Fig. 33.5.

As it is seen in Fig. 33.5, the authors change among being the most productive 
and the most cited. However, it can be easily understood, particularly from 
Fig. 33.5a, that the interest for the “BIM-Sustainability” integration is larger than 
the interest for the “BIM-Lean” when these stages are compared. Besides, the most 
co-occurred 20 keywords according to both keywords plus and authors’ keywords 
are provided in Fig. 33.6.

As in the first stage, “architectural design” keyword has the highest impact 
among the publications according to the topics. Furthermore, it can be said that the 
attention for terms related to energy and efficiency has increased when the key-
words are evaluated (Fig. 33.6a). On the other, if the most co-occurrence authors’ 
keywords are evaluated, it is seen that “BIM” and “green buildings” keywords have 
the highest impact (Fig. 33.6b), and it can be stated that keywords for two separated 
analyses are related with each other due to concern about energy efficiency in terms 
of sustainability.

33.4.3  Stage 3: “Lean-Sustainability” Research

The number of the results according to the research parameters is 907 articles within 
the perspective of this stage. The research interest related with these topics is the 
highest one among others because lean is generally integrated with sustainability. 
The third stage is contacted with “(lean OR “lean construction” OR “lean thinking”) 
AND (sustainability OR sustainable OR green OR environmental)” keywords 

Fig. 33.5 (a) The authors’ production over the years. (b) The most cited authors (Stage 2)
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Fig. 33.6 (a) Most co-occurred keywords among the topics of publications. (b) Most co-occurred 
authors’ keywords (Stage 2)
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(Table 33.1). The findings about the most productive and the most cited authors are 
given in Fig. 33.7.

Figure 33.7 shows the change among the authors for being the most productive 
and the most cited; besides, when the change is taken into consideration, it can be 
said that the productivity of the top authors has started to increase after 2015 
(Fig. 33.7a). Figure 33.8 provides the information about the most co-occurred 20 
keywords according to both keywords plus and authors’ keywords.

In this stage, the keyword having the highest impact among the publications 
according to the topics is interestingly “article,” but it is followed by the relation 
between “lean production, manufacture, environmental impact, and sustainable 
development” (Fig. 33.8a). Furthermore, when the keywords plus among publica-
tions are evaluated, the keywords have a big variety from chemistry to gender that 
can cause a confusion. On the other hand, analysis for the most co-occurrence 
authors’ keywords shows that “lean, sustainability, and lean manufacturing” key-
words are the most preferred ones by authors to address the study (Fig. 33.8b).

33.4.4  Stage 4: “BIM-Lean-Sustainability” Research

The number of the results according to the research parameters is ten articles within 
the perspective of this stage which address the direction of the study. This last stage 
is contacted with “(“building information modelling” OR “building information 
modeling” OR BIM) AND (lean OR “lean construction” OR “lean thinking”) AND 
(sustainability OR sustainable OR green OR environmental)” keywords (Table 33.1). 
Since it is mentioned before, the analysis of trinity “BIM-Lean-Sustainability” 
frames the study because of limited publications within this field. The findings 
about the most productive and the most cited authors are presented in Fig. 33.9.

The productivity within these topics is not as much as others as it is seen in 
Fig. 33.9a; it almost has started after 2017 as understood by the number of publica-
tions. On the other side, the value of the most cited authors is not too efficient 
because of ongoing interest for these topics. Lastly, Fig. 33.10 provides the informa-
tion about the most co-occurred keywords.

Fig. 33.7 (a) The authors’ production over the years. (b) The most cited authors (Stage 3)
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Fig. 33.8 (a) Most co-occurred keywords among the topics of publications. (b) Most co-occurred 
authors’ keywords (Stage 3)
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In the last stage, the keyword having the highest impact among the publications 
according to the topics is “architectural design,” and it is followed by “construction 
industry” (Fig.  33.10a). The keywords within this stage have a common point 
among other stages. Moreover, the most co-occurrence authors’ keywords analysis 
has specific keywords such as “Roanoke, Virginia, North America, etc.” even though 
the keywords “BIM, sustainability, and lean construction” involve bigger part of the 
analysis. It can be interpreted that these keywords form the contents of the relevant 
studies because of the disconnectedness with the blue side of the figure (Fig. 33.10b).

33.5  Gap in the Field: Emergence of Synergy

Sustainability terms are a driving force for construction industry, so it is important 
that all actions in the construction industry comply with this terminology. The para-
digmatic transformations, seen in the building industry from the use of BIM tech-
nologies to lean principles adopted to the construction industry, have led to consider 
the future of the globe within the context of sustainability. Besides, BIM can facili-
tate lean construction practices, and most of the lean principles implemented into 
the construction industry have common functionalities in BIM. Thus, BIM-Lean 
synergy encourages many aspects such as providing better visualization and infor-
mation flow among stakeholders and minimizing error by directing the decision- 
making process for maintenance (Saieg et  al., 2018). Therefore, both lean 
construction and BIM are closely related to sustainability. This is why the number 
of publications is more as it is proved in the previous section. On the other side, no 
matter how many studies between binary groups are, the number of studies contain-
ing these three terms together is very few. As it is stated by Lekan et al. (2018), 
galvanizing the idea of BIM and Lean is going to produce a powerful framework 
that could be helpful in developing qualities leading to sustainable development 
(Lekan et al., 2018).

The last step for analysis of the fourth stage is evaluated for the consideration for 
BIM-Lean-Sustainability integration. Three-fields plot – Sankey diagram, which is 
developed to visualize the energy distribution in a city by exemplifying quantitative 

Fig. 33.9 (a) The authors’ production over the years. (b) The most cited authors (Stage 4)
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Fig. 33.10 (a) Most co-occurred keywords among the topics of publications. (b) Most co-occurred 
authors’ keywords (Stage 4)
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information about flows (Riehmann et al., 2005), is presented in Fig. 33.11 in order 
to take attention to the relation between the most co-occurred keywords, the most 
cited authors, and the sources.

In Fig. 33.11, the left-hand side column shows the keywords, the middle column 
shows the authors and the right-hand side column shows the sources. Since it is seen 
in Fig. 33.11, the most used keywords are “building information modeling, BIM 
capabilities, lean construction, and BIM” followed by “sustainability” used less. 
The number of authors using these three keywords together is not very high. 
However, it seems that the authors mostly focus on the relationship between BIM- 
Sustainability and BIM-Lean. It can be concluded that Marzouk M., Elmaraghy A., 
and Voordijk H. have articles focusing on sustainability, BIM, and pull-planning. In 
other respect, other authors are seen as focusing on either BIM capabilities or inte-
gration of BIM-Lean for their articles. Thence, it can be extrapolated that even 
though the research interest is high in binary groups, the interest in associating these 
three words is not so much. It is thought that the interest in the trinity should increase 
in order to provide a sustainable future; and it is desired to draw attention to the gap 
in this field for future studies.

33.6  Conclusion

In this study carried out with a systematic review, the three concepts that have 
undergone a paradigmatic change in the construction industry are focused on. In the 
bibliometric analysis made to examine the relationship between BIM, Lean, and 

Fig. 33.11 Three-fields plot – Sankey diagram
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Sustainability terms, it is seen that the authors give priority to Lean-Sustainability 
terms in their publications due to the adaptation of the lean principles to the con-
struction industry. In addition, the use of BIM, which offers advantages in various 
fields from material selection and energy-efficient building construction to energy 
management and optimization of construction processes, is considered to be the 
leading factor in ensuring the sustainability of the construction industry. Furthermore, 
the fact that the use of BIM offers technological opportunities in the implementation 
of lean principles has also increased the interest in this bilateral relationship since 
2010. However, although bilateral relations have been established very strongly, few 
studies focusing on the relationship between these three concepts in the literature 
draw attention. The main purpose of this study is to visualize the gap in this field 
with the concept of “trinity,” which presents the relation between BIM, Lean, and 
Sustainability. It is aimed to provide a dynamic platform for future studies with the 
analyses which are conducted to prove that the direction of a study is the selected 
keywords.
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Management Policy for Laboratory 
Electronic Waste from Grave to Cradle
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and Salma M. S. Alarefi

34.1  Introduction

Electronic waste (e-waste) is growing at an alarming rate around the globe specifi-
cally in the developed countries. It encompasses electronic and electrical devices 
such as washing machines, personal computers, consumer electronics, cell phones, 
printed circuit boards, power supplies, etc. that have been discarded by users (Sastry 
& Ramachandra Murthy, 2012). The reasons for discarding such items include, but 
not limited to, obsolescence of the technology used, end of life and a faulty compo-
nent within the device that cannot be replaced (Osibanjo & Nnorom, 2008a). In 
some cases, especially in academic and research institutions, the electronic equip-
ment used in experimental activities may not be possible for reuse leading to dis-
posal. Generally speaking, the main sources of e-waste are government offices, 
public and private sectors, households, manufacturing industries and academic and 
research institutions (Chatterjee & Kumar, 2009).

Until recently, the amount of e-waste generated was insignificant such that it was 
possible to use landfills for disposal of such equipment without causing harm to the 
environment (Kang & Schoenung, 2004). According to the Global E-waste Monitor 
(Shevchenko et al., 2019), 44.7 million metric tonnes of e-waste were generated in 
2016, and this is expected to rise to 55.2 million metric tonnes by 2021, which is 
equivalent to 6.8 kg of e-waste for each inhabitant per annum (Jian & Shanshan, 
2010). If electronic waste is not effectively managed and recycled, future genera-
tions will be deprived of electronic devices.
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Environmental policies and legislation on waste management in most countries 
are designed based on the principle of extended producer responsibility (EPR) 
(Osibanjo & Nnorom, 2008a). Promising initiatives by European and some Asian 
countries have been implemented to entail manufacturing companies to reclaim the 
products at end of their useful life for recycling. In that regard, the EU has intro-
duced a policy known as the Waste Electrical and Electronic Equipment Directive 
2002/96/EC that is designed specifically to improve the environmental performance 
of electrical and electronic waste (Osibanjo & Nnorom, 2008a). Although the inter-
nal generation of e-waste in some developing countries particularly in Africa is not 
much of a concern, importation of used electronic products from the developed 
countries contributes significantly to e-waste in these countries (Park et al., 2017). 
That is because most of the developing countries have limited safeguard, legislation 
and policies for proper disposal of the e-waste; hence, they end up in informal 
dumpsites which are not monitored by the governments (Kiddee et al., 2013). In 
such places, informal primitive extraction methods are employed exposing both the 
environment and the workers to harmful substances.

Existing e-waste management policies are mainly aimed at reducing the prod-
uct’s impact on the environment thought analysis carried at designing, production 
processes and disposal of out-of-use products (Baldé et al., 2017). There is however 
a lack of legislation in the optimisation and management of e-waste from educa-
tional institutions. This can pose great challenges to the development of sustainable 
education particularly in developing countries. In fact, academic institutions in 
developing countries are characterised by inadequate laboratory equipment due to 
limited funds to purchase and maintain lab equipment. This paper, therefore, pres-
ents findings of qualitative study that aim to assist policy makers with the redeploy-
ment of electronic and electric equipment. The findings and recommendations are 
aimed to stimulate interest in the development of e-waste management policy to 
benefit institutions in developing countries, whereby discarded electronic equip-
ment from academic institutions in developed countries can be deployed to develop-
ing countries. Not only would such policy help reduce e-waste but would also 
contribute to sustainable education development in developing countries. In setting 
the scene, a critical review of adverse effects of e-waste and existing management 
policies is presented. The methodology adopted to conduct the online study is also 
outlined. As well as discussion of the results, recommendations and direction for 
further research are presented.

34.2  Literature Review

34.2.1  Problem Statement

E-waste contains valuable metals such as gold and silver, which when recovered can 
be reused as raw materials to manufacture new devices (Hameed, 2012; Ongondo 
et al., 2011). Despite existing technology and infrastructure for recycling e-waste, 
the recycling rates in developing countries remain modest. That is mainly due to the 
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high costs associated with the process. Only about 10% of the e-waste generated is 
recycled, not to mention that which is commonly disposed of in landfills (Chatterjee 
& Kumar, 2009). In fact, most e-waste is exported to developing countries, where 
cheap labour and weak environmental laws offer great potential for profit realisation 
(Oteng-Ababio, 2012; Puckett et al., 2018). Although the intrinsic value of e-waste 
makes its trade a lucrative business, the harmful effects of the toxic elements it con-
tains are an ecological and health concern. Developing countries lack adequate 
infrastructure to effectively manage e-waste such that informal recyclers use 
unhealthy, primitive methods to process the e-waste.

The open-air incineration of device encasings to recover metals releases toxic 
fumes which exacerbate global warming and affect human health. Also, the incor-
rect disposal of batteries leaches lead (Pb) into the soil which eventually contami-
nates underground water. In Guiyu, China’s largest e-waste hub, approximately 
80% of the children suffer from lead poisoning (Hameed, 2012; Kiddee et al., 2013). 
Table 34.1 presented a summary of some of the health hazards of primitive recy-
cling of e-waste.

In Agbogbloshie, Ghana, the world’s largest e-waste dumpsite, informal e-waste 
recyclers, which include scrap dealers, employ children from impoverished families 
to work as e-waste pickers and dismantlers (Daum et  al., 2017; Oteng-Ababio, 
2012). These e-waste child workers are not aware of their rights such that they are 
exploited and paid unfair wages. The direct exposure of these children to toxic envi-
ronments without personal protective equipment (PPE) or medical compensation 
shortens their life span. Although the threat to human health is more apparent in 
developing countries, the mismanagement of e-waste is a tragedy of the commons 
which has global ramifications.

Table 34.1 Health effects of toxic elements in e-waste

Source of e-waste Toxic element Health effect

Cables and plastic encasing 
of electronic equipment

Dioxin – Released from the 
burning of polyvinyl chloride 
(PVC) plastic

   • Acute respiratory 
infection

   • Immune system 
impairment

Chip resistors and 
semiconductors

Cadmium (cd)    • Neural damage
   • Teratogenic
   • Accumulates in the 

kidneys and liver
Soldering in printed circuit 
boards (PCBs)

Lead (Pb)    • Kidney failure
   • Impairs child-brain 

development
   • Damages the central 

nervous system
Relays and switches Mercury (hg)    • Skin lesions

   • Chronic brain damage
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34.2.2  E-Waste Management

A regulatory framework that includes e-waste management policies has been put in 
place to protect human health and the environment against the harmful effects of 
e-waste. The policy framework is based on the extended producer responsibility 
(EPR) approach which allocates significant responsibility for recycling to producers 
(manufacturers) (Magalini et al., 2019).

The producers are required to take back electronic devices that have reached the 
end of their useful life from the consumer, for purposes of recycling or reuse, that 
is, either to produce new products or repair for extended useful life. The main aim 
of this approach is to reduce e-waste at the source by incentivising producers to 
produce eco-friendly products that have an increased useful life (Magalini et al., 
2019). However, a lack of collection points and a lack of consumer awareness of 
recycling are limitations to this “take-back” system (Srivastava & Sharma, 2015).

34.2.3  Existing Policies and Legislations

 Waste Electrical Electronic Equipment (WEEE) Directive 2002/96/EC

This is a directive by the European Union (EU) which requires manufacturers to 
recycle and dispose of their products in an eco-friendly manner using the take-back 
system (Ongondo et al., 2011). The directive is based on the EPR policy approach, 
with the primary aim of preventing the generation of e-waste. Additionally, it pro-
motes reuse, recycling and recovery of e-waste to reduce its disposal, thereby 
improving environmental performance (Magalini et al., 2019).

 Restriction of Hazardous Substances (RoHS) Directive 2002/95/EC

The RoHS directive restricts the use of hazardous substances such as lead, cad-
mium, mercury, etc. in the manufacturing of electrical electronic equipment (EEE) 
(Ongondo et al., 2011). Any EEE that contains hazardous substances higher than the 
accepted levels will not be allowed on the market. The objective of this directive is 
to reduce the impact of e-waste on the environment by encouraging the use of bio-
degradable and eco-friendly materials to manufacture EEE.
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 Energy-Using Products (EUP) Directive 2005/32/EC

The EUP directive sets eco-design requirements for energy-using products within 
the internal EU market. The objective of the directive is to ensure sustainable devel-
opment by increasing energy efficiency whilst protecting the environment (Ongondo 
et al., 2011).

 Basel Convention

The Basel Convention restricts transboundary movements of hazardous wastes 
except where they are perceived to be following the principles of environmentally 
sound management (Magalini et al., 2019). Thus, the convention requires that the 
government of an importing country must be given prior notice of any proposed 
import of certain hazardous EEE.

Literature reveals that there exists a legal loophole in this convention such that 
there have been reports of increased e-waste dumping where functional equipment 
is mixed with obsolete and non-reparable equipment which ends up in landfills 
(Shagun & Arora, 2013). This has led to the proposal of the Basel Total Ban to 
ensure that hazardous e-waste is not exported to developing countries for any pur-
pose, even for recycling (Oteng-Ababio, 2012). Additionally, treaties such as the 
Bamako Convention have been enacted to prohibit imports and control the move-
ment of hazardous wastes within Africa. A comprehensive discussion of the treaty 
is given in (Magalini et al., 2019).

34.2.4  Limitations of Existing Policies

Although many countries have adopted the reviewed policies, the problems of 
e-waste continue to escalate. There is still an increase in the dumping of e-waste in 
developing countries. In a 2018 report released by the Basel Action Network (BAN), 
the UK was found to be the worst offender in Europe for illegal e-waste exports (). 
These illegal transboundary movements are achieved through the exploitation of the 
gaps in the existing policies (Ongondo et al., 2011; Singh et al., 2013).

The policies do not consider the whole life cycle of a product such that there is 
no effective enforcement of supervision up to the end of the product’s useful life. 
Furthermore, there are no specific regulations on e-waste in most African countries 
to complement the policies (). Other sustainable e-waste management policies must 
be enacted to work in concert with the existing policies.
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34.2.5  Policy Proposal: Management Policy 
for Laboratory E-Waste

Literature analysis shows that e-waste management is mainly affiliated with health, 
resource depletion and environmental concerns. Although the concern for resource 
depletion addresses sustainable development, there is a research gap on the contri-
bution of e-waste management to sustainable education.

In the developed world, universities can easily replace faulty laboratory equip-
ment due to the ease in the procurement of equipment and the motivation to keep up 
with the fast-changing technological advancements. This results in the stockpiling 
of out-of-use equipment, some of which are repairable. Although several electronic 
devices are covered under the existing WEEE directive, there is no existing policy 
that specifically focuses on the recycling of e-waste of engineering laboratories in 
universities.

In developing countries, particularly in Africa, the procurement of laboratory 
equipment in universities is difficult due to economic constraints. Research in 
(Osibanjo & Nnorom, 2008b) shows that information and technology development 
in such countries depend on second-hand devices. Most of these devices are 
imported without prior functionality testing such that they cannot be purposefully 
reused, which results in a lack of academic equipment. This paper therefore pro-
poses a management policy for e-waste from engineering laboratories of universi-
ties in developed countries, whereby out-of-use electronic equipment such as 
computers, oscilloscopes, signal generators, integrated circuits, etc. are channelled 
to developing countries for learning purposes.

Recovery and reuse of laboratory equipment would improve the practical learn-
ing experience of students in developing countries, as they learn the repair and 
maintenance of faulty equipment through laboratory activities. Improving mainte-
nance through repair will extend product life and reduce e-waste. Thus, the policy 
aims to ensure sustainable education and a global transition towards achieving a 
circular educational economy through sustainable resource and e-waste manage-
ment practices.

34.2.6  Barriers to Proposed Policy

The growing scepticism about exportation of e-waste to developing countries 
impedes the social acceptance of the proposed policy. Many conservationists have 
been advocating for a ban on total imports of e-waste, arguing that e-waste dumping 
by developed countries has been ongoing under the disguise of donations to “bridge 
the digital gap” (Osibanjo & Nnorom, 2008a, 2008b; Shagun & Arora, 2013). In 
2010, the Government Ministry of Environment and Forests in India imposed a ban 
on all imports of second-hand electronic devices, to address illegal transboundary 
movements (Kiddee et al., 2013).
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The lack of government support in developing countries can stifle the transfor-
mational potential of the proposed policy. That in addition to the hindrance to sus-
tainability policies and incentives, anticipates an awareness deficiency on the 
contribution of e-waste management towards the achievement of sustainable educa-
tion. This alongside the bureaucracy and absence of local legislation can lead to 
ambiguous responsibilities in the distribution of the deployed laboratory equipment. 
This risks corruption where the deployed equipment can be misdirected for indi-
vidual gain.

In addition to that, there is clear information deficit on the status of academic 
engineering laboratories in developing countries. The latter makes it difficult to 
assess the reality of the technical needs of the end users which is a key consideration 
in the formulation of the proposed e-waste management policy.

34.3  Research Method

Research presented in this paper is both explanatory and exploratory in nature. It is 
explanatory as it attempts to identify the gaps in existing e-waste management poli-
cies to suggest a better and complementary policy. It is also exploratory as it aims to 
assess the social acceptance of the suggested policy.

Indeed, for a policy to be effective, the needs and concerns of the end users must 
be assessed and addressed. To ensure this, a quantitative research method was 
adopted as appropriate for assessing the social acceptance of the proposed labora-
tory e-waste management policy by developing countries. A survey was designed in 
the form of multiple-choice questions with a mixture of close- and open-ended 
questions. The close-ended questions were formulated using rating scaling to ascer-
tain the awareness level of individuals on e-waste management in academic institu-
tions. Open-ended questions were used to elicit opinions and insights on the reuse 
of laboratory e-waste from developed countries.

Although the survey was open to the general public, the main target was students 
and academic staff from educational institutions. Responses from students were 
crucial in assessing their practical learning experiences, whilst responses from aca-
demic stuff were crucial in identifying the challenges in the procurement of labora-
tory equipment and their willingness to adopt out-of-use laboratory equipment from 
developed countries. The survey was conducted using an anonymous online form 
created using the Google Forms platform. The survey was conducted across certain 
parts of Africa, namely, Nigeria, Zimbabwe, Kenya, South Africa, Malawi, Ghana, 
Libya, Tunis and Algeria.
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34.4  Research Results and Analysis

From the conducted survey, 152 responses were received. However, 7 responses 
were rendered invalid as the feedback forms had empty fields. Therefore, analysis 
of the data was done based on 145 responses.

The questionnaire started by examining the age and education level of partici-
pants to ascertain whether the respondents are major stakeholders in the education 
sector. The results collected indicate that approximately 95.1% of the respondents 
are major stakeholders in the education sector, thus giving credence to the informa-
tion received from this survey. Approximately 83.4% of the respondents are within 
the age limit of 25–44  years, which ascertains that the survey feedback is from 
mature, yet young, persons who are competent enough to give valid opinions.

In the assessment of the respondents’ awareness of e-waste and the impact of 
effective e-waste management, approximately 99.3% seem to acknowledge the role 
of e-waste management for the development of sustainable engineering learning 
environment. Despite the reported lack of e-waste management policies in most 
educational institutions, 93.7% of the respondents are aware of the concept of 
e-waste management.

Whilst nearly two-quarters of respondents (i.e. 42.8%) faulted the policy man-
agement of e-waste disposal in their institutions, a third (i.e. 32.9%) claimed the 
e-waste management was adequate. In that regard, around 21% of the participants 
were undecided, meaning that adequate sensitisation should be made at such institu-
tions on how e-waste is managed. As expected, the high majority of the participants 
(i.e. 64.8%) claimed that the deployment of relevant out-of-use laboratory equip-
ment would benefit their institutions. Although about a tenth of the remaining 
(9.6%) are indifferent, a quarter of the participants are against the idea.

From the survey, 42.7% of the respondents thought that their institutions are 
adequately equipped. Approximately 37.2% ascertain that their laboratories are 
under-equipped, whilst 20% are not certain whether there is adequate equipment or 
not. The results also reveal that most of the laboratories are not adequately equipped 
due to financial constraints as a greater percentage of the respondents expressed 
difficulties in acquiring the equipment. Only 27.6% of participants have institutions 
that can easily acquire laboratory equipment (Fig. 34.1).

From Fig. 34.2, more than three quarters of the respondents (~89.7%) agree that 
increasing the duration of the laboratory session whilst optimizing the size of labo-
ratory groups is important in enhancing the learning experience of engineering stu-
dents. To further investigate the factors that impact practical experience of learners, 
the participants were invited to rate the significance of the following: availability of 
lab equipment, effective space allocation and technical support. Whereas more than 
two-quarters acknowledged and prioritised the provision of adequate lab equipment 
(42%) and experienced laboratory technicians (i.e. third of the proportion), less than 
a quarter have rated the space allocation to have an impact on the practical learning 
experience of engineering students (Fig. 34.3).
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From the feedback received through the open-ended questions, individuals 
expressed concerns about the proposed laboratory e-waste management policy as 
they argue that it is a ploy to justify a deliberate attempt by the developed countries 
to dump their e-waste in African institutions. In order to gain a better insight into the 
key factors to be considered for an effective laboratory e-waste management policy, 
the participants were asked to rate from the options tabulated in Table 34.2.

Fig. 34.1 Rating of existing laboratory e-waste (i.e. resistors, inductors, PCBs, PCs, power sup-
plies, oscilloscopes, etc.) management policy

Fig. 34.2 Responses to 
the significance of 
laboratory session duration 
and in enhancing the 
learning experience of 
engineering students

Fig. 34.3 Responses to the key aspects to be considered in improving the practical learning expe-
rience of engineering students
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The results reveal that some respondents are willing to accept the policy pro-
vided the equipment are reusable and informative learning activities can be included. 
From the data obtained from the survey, the deployment of out-of-use laboratory 
equipment would be beneficial to academic institutions in developing countries in 
Africa and if done in good faith would lead to achieving the grave-to-cradle concept 
for the circular educational economy. However, for the policy to be effective, the 
concerns raised by the survey participants must be considered in the formulation of 
the policy framework.

34.5  Discussion

To enhance social acceptance of the laboratory e-waste management policy, the fol-
lowing discussion addresses the concerns of the stakeholders from the developing 
countries which were highlighted in the survey. Furthermore, the discussion high-
lights the opportunities for this policy that address the previously discussed policy 
barriers.

34.5.1  Policy Opportunities

To address the concerns of e-waste dumping, this paper proposes that the policy 
must require the following conditions to be fulfilled before the deployment of the 
equipment:

 1. Electronic equipment must be in repairable condition – confirmatory testing of 
equipment must be done to check its functionality and safety.

 2. Electronic equipment should have at least 5 years of useful life – the equipment 
must be evaluated using a set of global standards.

 3. The certified equipment must be branded to enable tracking to its intended 
destination.

 4. Learning activities must be included – complementary training of staff in devel-
oping countries must be facilitated for them to acquire technical prowess.

Thus, the policy must clearly define the stakeholders with the financial responsibil-
ity for the collection, testing and deployment of the equipment. The policy must 
also include a deposit refund system for the purchase of laboratory equipment by 

Table 34.2 Respondents’ opinion on conditions to be fulfilled before the deployment of the 
equipment

Electronics must 
be in repairable 
conditions

Electronics must be 
safety checked pre 
and post deployment

Electronics must 
have at least 5 years 
of useful life

Learning 
activities must 
be included

Staff training 
must be 
included

19% 28% 17% 14% 22%
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universities, to promote recycling. Advanced recovery fees (ARF) paid upon pur-
chase will be refunded when collecting the out-of-use equipment. The ARF must be 
affordable to establish a competitive recycling market.

The previously discussed extended producer responsibility (EPR) policy 
approach places sole responsibility for recycling on the producers, such that there 
exists a gap in knowledge and awareness of e-waste handling and management 
among communities. This paper therefore suggests an integrated system in which 
the consumers, producers, legislators and policy makers are included in the e-waste 
management process. This will make all stakeholders aware of the activities and 
services of e-waste, thereby instilling a culture of unified responsibility for global 
sustainable development.

Educational institutions in developed countries must be encouraged to adopt an 
e-waste management policy for the handling of outdated laboratory equipment. 
Curricula on sustainable education through e-waste management can be introduced 
in universities to actively engage students. Collaborative learning can be facilitated 
to enable the transfer of skills and knowledge. For example, students from the 
developed countries who have had some learning experience of the outdated equip-
ment can create videos to explain the cause behind faulty equipment, which will aid 
the students in developing countries when repairing the equipment.

Producers of the laboratory equipment must be responsible for providing manu-
als with instructions for a safe repair. The policy can adopt the EPR approach to 
mandate manufacturing companies to collaboratively set up repair and maintenance 
hubs in institutions where their equipment is deployed. These hubs can serve as 
research and development centres where students inform producers on improved 
product design through the assessment of learning outcomes. This creates a poten-
tial for designing safer and sustainable products with multiuse life, which are easy 
to disassemble for reuse.

Exchange programmes that facilitate the sharing of theoretical knowledge and 
practical skills between educational institutions and e-waste workers must be con-
sidered. E-waste workers who engage in primitive dismantling and recovery of met-
als possess useful skills for the disassembly of devices, mastered through heuristic 
learning. Together with university students, they can devise safer methods for disas-
sembly and recreation of new devices. This form of sustainable inclusive education 
will mitigate child labour exploitation at e-waste dumpsites. If financial support is 
provided, the elderly e-waste workers can be formally employed in pilot projects for 
repairing electronic devices. This will decrease the proliferation of the informal 
recycling sector and in turn extenuate the environmental footprint of e-waste 
mismanagement.

34.5.2  Recommendations

The following are recommendations to the stakeholders in e-waste management 
policy making, for the success of the proposed grave-to-cradle e-waste management:
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 1. Enact an e-waste management policy framework that focuses on the deployment 
of outdated laboratory equipment to developing countries for learning purposes.

 2. Implement a global standards system that certifies the equipment for export.
 3. Improve public perspective through technology awareness campaigns on the 

contribution of e-waste management towards a circular educational economy.
 4. Develop and introduce sustainable e-waste management curricula in educational 

institutions to promote sustainable education.
 5. Aid the active participation of universities through public acknowledgement of 

donations and awarding accolades that contribute to the university’s accreditation.
 6. Finance the collection, certification, branding, deployment and tracking of labo-

ratory equipment through a revolving fund from ARF (advanced recovery fees).
 7. Engage manufacturers to develop technology training and capacity building pro-

grammes in developing countries to avoid the abandonment of the deployed 
equipment.

 8. Legislators must put in place more stringent policies and laws to encroach 
corruption.

34.5.3  Further Research

For the policy to be holistic, further research is to be carried out to assess the will-
ingness of universities in the developed countries to participate in the proposed 
laboratory e-waste management system. Also, there is a need to conduct empirical 
inquiries on the amount of out-of-use equipment piled in the universities. Further 
study and research on the required law and policy reformations to support the pro-
posed laboratory e-waste management policy must be conducted.

34.6  Conclusion

As well as studying the adverse effects of e-waste, the study has critically reviewed 
existing e-waste management policies. It was highlighted that existing policies have 
not been entirely effective due to existing loopholes. Also, the study identified a 
research gap on the contribution of e-waste management to sustainable education, 
whereby a lack of academic equipment in educational institutions of developing 
countries can be improved by reusing out-of-use equipment from universities in the 
developed countries.

To address this, a management policy for laboratory e-waste is suggested based 
on the outcomes of a qualitative survey that examined the social acceptance of this 
policy by stakeholders in developing countries. Findings suggested that most edu-
cational institutions in the surveyed countries have inadequate academic equipment 
and are in favour of the deployed equipment given that it fulfils a set of safety and 
quality check requirements. The certification and branding of the laboratory 

M. C. Iroegbu et al.



473

equipment prior to deployment highlighted in the proposed laboratory e-waste man-
agement policy addresses the growing concerns about illegal transboundary move-
ments and e-waste dumping in developing countries. The opportunities for the 
policy that are presented in this paper show that if adopted, the policy will not only 
be effective in managing e-waste in educational institutions but will also reduce the 
proliferation of the informal recycling sector. Although this suggested policy might 
not be the panacea to solving the problems of e-waste, it could complement the 
existing policies to mitigate the environmental footprint of e-waste whilst also con-
tributing towards the achievement of a sustainable, circular educational economy.
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Chapter 35
The Place of Urban Forestry in our Viable 
Urban Futures: A Cosmetic 
or a Metaphysic?

Alan Simson

35.1  Introduction

The twenty-first century is the urban century. It has been forecast that urban areas 
across the world will have expanded by more than 2.5 billion people by 2050, and 
the UK will not be exempt from this. In the 35 years between 1970 and 2005, the 
UK population grew by just over five million people. In the 11 years from 2005 until 
2016, there was also an increase of another five million people, and it has been esti-
mated that the UK population will increase by a further eight million by 2035 
(ONS - Office for National Statistics, UK Government, 2019). Although the large 
cities will continue to play an important role in this population increase, new tech-
nologies are diminishing the advantages of scale, and strengthening the trends of 
decentralisation. The majority of this growth therefore is likely to be in existing, 
medium-sized towns – or Second Cities as Foroohar (2006) has called them – rather 
than the big cities, which will expand the concept of the polycentric city region 
significantly.

As time moves on, the qualities of cosmopolitan life, formally to be found mainly 
in the big cities, are likely to become democratised and decentralised, particularly 
in our post-Covid-19 world. Thus, suburbanism will again become very much alive, 
as the real growth in jobs, working from home and increasing population are likely 
to take place there. This has been influenced by the fact that the ‘urban utopias’ that 
have been promoted for so many years by urban designers from the times of 
Ebenezer Howard, Frank Lloyd Wright and Le Corbusier have not really turned out 
to be as ‘utopian’ as was promised. So perhaps it is time to make suburbanism work 
better, rather than just fight it. As Kotkin (2006) has argued, suburbs should be made 
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into small, cultural, social and economic centres of their own, and, without a doubt, 
urban forestry has a central role to play in this.

35.2  Discussion

Human beings are very sociable animals, and are drawn towards towns and cities to 
live. Our well-being and often our livelihoods depend upon the many services pro-
vided by healthy, natural ecosystems in and around our towns and cities, but, as 
urban areas rapidly expand, land use planning all too often proved to be inadequate 
in dealing with this. It fails to appreciate and take into account the multitude of 
benefits that nature, specifically trees and urban forestry, can provide, a failure that 
can result in serious environmental, economic and social and cultural problems.

Although there are some very attractive and successful cities and areas of cities 
in the world, the quality of urban life in general, particularly in our post-industrial 
urban areas, has not reached the utopian qualities promised, and is in fact already 
deteriorating, especially in the less affluent areas. If the current approach to urban 
design is maintained, the speed and scale of future urbanisation will increase both 
the environmental and health problems for urban dwellers, problems that we know 
are often made worse by a lack of contact between people and the natural world. 
Research has shown however that the presence of trees in urban areas – the urban 
forest – can significantly improve the quality of life there (Simson, 2017). In a hun-
dred years’ time, we may well look back on our present towns and cities that are 
bereft of greenery as our equivalent of the Victorian slums.

The term ‘urban forest’ is sometimes deemed to be an oxymoron – how can you 
have a forest in an urban area? Such an argument presupposes that the word ‘forest’ 
relates to trees, but it could be argued however that the word ‘forest’ stems from the 
Latin word ‘foris’, meaning ‘out of doors’, ‘the outside’. Thus, the urban forest is 
really the ‘urban out of doors’, and includes all aspects of urban and peri-urban 
green space, both public and private.

Edwards Deming once said that ‘Without data, you’re just another person with 
an opinion’ (Edwards Deming, 1982). The research into urban forestry has both 
increased and got more sophisticated over recent years, so now we have that data, 
and can prove the quantifiable benefits that the urban forest can bring to our urban 
areas (Dwyer et al., 1992; Turner-Skoff & Cavender, 2019; Tyrväinen et al., 2005). 
We can, for example, prove that the urban forest:

• Improves our health and well-being.
• Improves children’s learning abilities.
• Provides focal points to improve social cohesion.
• Promotes and retains inward investment and job creation.
• Increases property values.
• Improves air quality.
• Promotes biodiversity.

A. Simson



477

• Limits the risk of flooding.
• Cools our towns and cities.
• Offsets carbon emissions.
• Makes us drive more safely.

The United Nation’s New Urban Agenda, launched and adopted by the UN in 
2016, emphasised that urban forests and trees can significantly help to address the 
challenges of greatly increasing urbanisation (United Nations, 2016). In particular, 
urban forestry has been promoted as being particularly effective in helping to deliver 
many of their Sustainable Development Goals (SDG), particularly SDG 11, which 
focused upon making cities inclusive, safe, resilient and sustainable. This was taken 
further in a Call for Action, which was launched at the First World Forum on Urban 
Forests, held in Mantova, Italy, in 2018 (United Nations Food and Agriculture 
Organisation (FAO), 2018).

The UN’s vision suggested that towns and cities were a remarkable creation. 
Nowadays, most of us live in towns and cities, and live our lives through networks 
of relationships with each other and with our physical environment, something very 
much demonstrated recently by the reaction of so many communities in many coun-
tries when dealing with the issues associated with the Covid-19 virus. These rela-
tionships help to create the character and identity of the urban and suburban 
landscape, and the urban forest is a critically important aspect of that identity. The 
urban forest helps to mark the passing of time and opens a window for us to observe 
the cycle of nature, which is also the cycle of our daily life.

Thus, we should deploy urban forestry to make our expanding towns and 
cities:
• Greener – towns and cities need their urban forest, and people need green spaces. 

The colour green is often associated with well-being and positive feelings. It’s 
the colour of balance, harmony and growth, which is why it’s the interior colour 
of Leeds Beckett University’s Broadcasting Place building. Green cities are stra-
tegic for urban communities and will play a key role in our futures (Konijnendijk, 
2018). Greening our towns and cities involves all aspects of urban life, not only 
ecology but the economy, culture, architecture, psychology, education, health 
and society. Urban forestry is the backbone of green infrastructure and is the key 
actor in the theatre of our urban landscapes. It is no longer a ‘cosmetic’, but a 
‘metaphysic’ – a first principle of viable green towns and cities.

• Healthier  – we usually feel good when we are in the urban forest. Evidence 
shows us that the presence of trees has a positive influence upon our health and 
well-being (Donovan, 2017). Kondo et al. (2020) have proved that by increasing 
the tree canopy in Philadelphia, obesity, morbidity and mortality have decreased, 
especially in the lower socioeconomic areas where canopy cover tends to be low-
est. The presence of trees makes the urban places seem safer, which results in an 
increase in physical activities. Thus, we should think of the urban forest as a 
green physician, improving our health both directly and indirectly and at little 
expense. We know, for example, that in 2015, urban forestry in the UK saved the 
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NHS over £1 billion by helping to reduce the impact of air pollutants on urban 
people (ONS - Office for National Statistics, UK Government, 2015).

• Happier – most people appreciate trees and are happier when they are in green 
spaces. Urban dwellers use the urban forest for relaxation, either alone or in 
groups, and for social and cultural events. Many communities support the plant-
ing of trees, as well as the conservation of existing trees, in both the well-off and 
the less well-off parts of the city. The urban forest can also provide natural class-
rooms for the education of children, and there has been a significant increase in 
the UK in the setting up of forest schools.

• Cooler – on hot summer days, the urban forest is a breath of fresh air. The right 
species of trees can also mitigate the thermal extremes of the built-up urban envi-
ronment much more effectively than air conditioning, and this role will become 
increasingly to the fore as the issues of climate change escalate. Trees can assist 
retail businesses too. We know that when the temperature of our streets rises to 
around 30 °C, which it does more often than people think, shopping becomes 
less pleasant, and people tend to do their shopping on line. Tress can help to 
reduce street temperature by between 4 and 8 °C, thus making it more comfort-
able for pedestrians, and a more comfortable environment in which to spend 
their money.

• Wilder – biodiversity has an intrinsic value and represents a key element of any 
landscape, including cities. Indeed, cities have got to step up to the plate, and 
engage more constructively with reconciliation ecology. Habitat fragmentation is 
the biggest threat to the conservation of wildlife and natural ecosystems in urban 
areas. Climate change will stimulate the migration of species, and the urban for-
est can provide the ‘stepping stones’ that allow species to migrate to more diverse 
habitats. Diversity also concerns human communities, and the urban forest can 
be fundamental for maintaining local identity and maintaining cultural tradi-
tions. It can help to create significant landscapes, with particular symbolism that 
preserves a cultural diversity that characterises most fast-changing cities. In 
Vancouver, for example, female Ginkgo biloba trees (maidenhair trees) have 
been planted in the streets of the Chinese Quarter. Female Ginkgo trees are not 
usually planted in urban areas, as the ripe fruits give off an offensive odour in the 
autumn when crushed underfoot. However, in Vancouver, the Chinese residents 
collect the fruits and make useful potions out of them, which is a traditional pas-
time back in China. The author has been involved in a similar project in the 
Chinese part of the City of Prato in Italy. Designers can however sometimes 
overdesign urban green spaces, and it is now known that people sometimes relate 
better to more ‘natural’ design than to a formal one.

• Cleaner – a well-managed and healthy urban forest can help to maintain and 
improve air quality and water quality in and around our towns and cities. The 
right species of trees in cities can improve the quality of the air through a variety 
of chemical reactions, and by capturing and holding air pollutants (Conway & 
Vander Vecht, 2015). By decreasing air temperature, trees also help to reduce the 
use of air conditioners, which in turn saves energy use and polluting emissions. 
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The urban forest can also contribute greatly to the sustainable management of 
water and water resources.

• Wealthier – investing in urban forestry can be a viable strategy for the sustainable 
creation of jobs, increasing income and boosting local green economies, and it 
can also attract – and retain – investment, businesses and tourism. The positive 
effects of the urban forest on our mental and physical health can also generate 
significant public savings, reducing stays in hospital and speeding recovery 
times. Urban forestry is often a more affordable approach to urban development 
than the more traditional, predictable, grey approaches, thus representing a more 
cost-effective option in addressing the challenges of urban expansion.

• Safer – climate change, rapid urbanisation and high-density and growing urban 
populations are increasing the vulnerability of our cities. Many urban communi-
ties face potential risks to health, well-being and livelihoods. Urban forestry can 
offer opportunities to restore degraded, neglected and abandoned land, and reme-
diate degraded soils. It can also help to minimise damaging run-off during peri-
ods of intense rainfall, and thus reduce the severity of flooding. Urban forestry 
has positive social effects and increases community safety by attracting people to 
meet and socialise, play sports and relax.

Thus, for our urban futures to be viable, it is increasingly important that proac-
tive policies, strategic planning and legislation are harmonised so that we can make 
the most of deploying urban forestry into urban planning internationally, nationally, 
regionally and locally (Moffat, 2016). However, promoting the concept of urban 
forestry often faces the challenge of balancing the requirements of green spaces 
with the compactness of urban development, and this in turn can cause disharmony 
between the competing approaches to urban design, as promoted by New Urbanism 
and Landscape Urbanism. New Urbanism defines compactness as ‘the agglomera-
tion of urban activities, functions and residents with the physical proximity and 
continuity of increasing density’ (Burton, 2000). Some go further (e.g. Duany & 
Talen, 2013), arguing that incorporating landscapes and urban forestry into cities 
threatens the efficiency of urban transportation systems and may lead to more dis-
persed patterns of suburban and urban sprawl.

Landscape Urbanism on the other hand, as promoted by Waldheim (2016) and 
others, promotes a much more ecologically based urban design as essential for our 
towns and cities to become more resilient – essentially towns and cities that are 
‘ready for anything’ – politically, socially, economically and environmentally. The 
potential exists however for a fruitful collaboration between these two approaches 
to viable urban design futures, as both concede that a robust, resilient urban forestry 
strategy, as depicted by the Call for Action, is vital for sustaining the liveability of 
our towns and cities. Many cities, particularly in Europe, such as Amsterdam and 
Berlin, have been attempting for some time to incorporate ‘nature’ into the the 
design of their built environments, developing a range and a variety of ideas and 
strategies for expanding their urban forests (Beatley, 2012).
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35.3  Conclusion

Human beings have had a long, deep, cultural relationship with their trees, their 
woodlands and their landscapes – a relationship that transcends national cultures 
and religions, and which sits as an equal alongside our scientific, economic, eco-
logical and spiritual relationships. Some people take the view that now most of us 
are urban based, these relationships have much less prominence, and we’re more 
interested in matters such as the price of our food or the fuel for our vehicles. 
Nothing could be further from the truth however, and you only have to engage with 
communities on these issues to discover that these ancient links are still there, 
although they do need to be nurtured. The overwhelming evidence from research 
and scientific literature suggests that investing in trees is not only an investment in 
meeting the UN’s Sustainable Development Goals, but is ultimately an investment 
in a better world. This suggests that we should no longer refer to ‘green infrastruc-
ture’ as a specific infrastructure – it should be seen as an equal to grey and blue 
infrastructure, as no infrastructure can any longer be delivered successfully as a 
separate entity – we are now dealing with ‘critical infrastructure’. Robust and resil-
ient urban forestry will sustain the liveability of our towns and cities, and thus urban 
forestry is no longer a ‘cosmetic’, a bolt-on to urban design to soften the hard, inhu-
man urban developments that are all too often part of urban expansion, but it is a 
‘metaphysic’ – a first principle of the successful planning, design and delivery of 
our viable urban futures.
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36.1  Introduction

Remote sensing methods, such as satellite imagery, are commonly used in environ-
mental research due to their low current cost and even their free availability at satis-
factory time and space resolutions, in addition to their easy processing with the map 
algebra tools of the GIS software (do Valle Júnior et al., 2019). Crop mapping and 
updating spatial information allow spatiotemporal monitoring of crops, contributing 
to the planning and managing of water resources, predicting yields, and adapting 
agriculture to climate change (Food and Agriculture Organization [FAO], 2003). 
The identification of crops, their location, and their extension are key properties for 
agricultural planning and best-use proposals.

These remote sensing techniques  – and other similar techniques  – have been 
used for the detection and monitoring of illegal crops worldwide, with emphasis on 
the analysis of time series, GIS and GPS software, and the use of SPOT and Landsat 
images as documented by Lisita et al. (2013), Armenteras et al. (2013), and Davalos 
et al. (2011).

In the case of Colombia, illicit crops represent a big problem in different areas of 
the country because they affect the environment where they are found, generating 
conflicts in the social, economic, and environmental fields. Being the coca cultiva-
tion the one generating the most dramatic impact, and which cultivation in Colombia 
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since 2013, has increased at an average rate of 45% per year, from 48,000 ha in 2013 
to 146,000 ha in 2016 (UNODOC, 2017).

In a historical context, Colombia became a producer and exporter of marijuana 
in the 1960s, cultivated in the Sierra Nevada de Santa Marta and in the Serranía del 
Perijá (Díaz & Sánchez, 2004). Since then, in the northern area of   the Sierra Nevada 
de Santa Marta, there is still a presence of illicit crops according to the United 
Nations Office on Drugs and Crime (UNODOC, 2017). The environmental and 
social problems in this area of the Sierra Nevada de Santa Marta have been gener-
ated by decades of deforestation of a large strip of forests for planting illicit crops, 
in a practice in which these crops are camouflaged in the middle of the wild/native 
vegetation, but which can be located through satellite photos (Pérez Gutiérrez, 2001).

In relation to the management of illicit crops in Colombia, different approaches 
have been explored, moving from manual eradication and aerial fumigation with 
glyphosate to more comprehensive and integral approaches involving policies of 
social and economic inclusion, development of infrastructure, and crop substitution 
by crops with alternative/substitute local economic value. The manual eradication 
proved to be effective – but costly and slow – in mountain areas if combined with 
economic inclusion and effective law enforcement. However, more recent policies 
are promoting the use of glyphosate despite the controversy around it in terms of 
efficacy in the long run and health and ecosystem cost (Solomon et  al., 2007). 
Regarding the call for a more comprehensive approach, the USAID report 2009 
(Felbab-Brown et  al., 2009) advocated for the implementation of comprehensive 
interventions in the affected territories, giving particular importance to the crop 
substitution – by crops with similar local economic value – followed by the delivery 
of infrastructure to facilitate the socioeconomic inclusion of the communities 
involved.

To support the design of policies and field activities for the management of illicit 
crops in Colombia, the monitoring of coca crops has been supported with the inter-
pretation of medium resolution satellite images and the validation of data obtained 
by aerial reconnaissance (UNODOC, 2017). Similarly, a mapping of the types of 
crops and identification of the area of   greatest cultivation was carried out – as previ-
ously reported in a study in Morocco  – using data provided by the NDVI and 
Landsat 8 index for a highly fragmented and intensive agricultural system. The 
results of the study demonstrated that Landsat 8 satellite images can allow to achieve 
annual inventories of crops in irrigated, highly fragmented, heterogeneous, and 
intensive agricultural systems (Ouzemou et al., 2018).

Also, from a spectroradiometer field, spectral signatures of coca crops have been 
captured according to their phenological status: juvenile, vegetative, and mature 
(Ángel, 2012). Furthermore, the use of statistical models has allowed estimating the 
yield of the crops under study from agroclimatic variables of the areas where they 
are found (Ramírez & Potes, 2019). This study has some limitations related to time 
lapses (years) of some satellite images collected from a free server as these were 
obtained from a free server where time lapses (years) for which the analysis could 
not be performed due to the presence of clouds in this area. In addition, the armed 
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conflict and active drug trafficking in the area imposed another limitation to carry 
out fieldwork to contrast the analysis carried out with images from remote sensors.

Within this context, this work was carried out with the purpose of searching dif-
ferent sustainable crop planning alternatives in the Sierra Nevada de Santa Marta, 
where there are crops for illicit use through the analysis of environmental indices 
(vegetation, humidity, temperature, and precipitation, among others) which will 
allow knowing the quantity and quality of vegetation, bodies of water, and other 
properties necessary for decision-making.

36.2  Research Review and Methodology

The project is developed in the Sierra Nevada de Santa Marta, specifically in the 
department of Magdalena and La Guajira, in the jurisdiction of the municipalities of 
Santa Marta Dist., esp. Riohacha and Dibulla, and three Regional Autonomous 
Corporations CORPAMAG, CORPOCESAR, and CORPOGUAJIRA, as can be 
seen in Fig. 36.1, the northern areas that have been historically affected by the cur-
rent expansion of illicit crops.

The Sierra Nevada de Santa Marta is a triangular territory of the Andes mountain 
range, located in the northeast of Colombia, around the geographical coordinates 
10° 49’N and 73 ° 39’W. The north flank borders the Caribbean Sea from the flat 
and arid lands of the south of the La Guajira peninsula to the surroundings of the 
city of Santa Marta, at the mouth of the Manzanares River (Organización Colparques, 
n.d.). The study area is of interest not just for the historical cultivation of illicit crops 
but also for its biodiversity, including some protected areas, challenging topographic 
conditions, and socioeconomic importance that involves native aborigine popula-
tions, settlers, and a diversity of agro-economic activities ranging from small farms 
to agro-industrial developments.

In this study, we used the vegetation index as an analysis tool to identify the 
vegetation cover (Ouzemou et al., 2018). The NDVI processing was developed from 
geoprocessing satellite images with ArcGIS Pro software ver 2.4.1, which allows 
conducting different processes with Landsat satellite images obtained from the 
USGS (United States Geological Service) Earth Explorer platform (https://earthex-
plorer.usgs.gov/). Table 36.1 shows the periods chosen to carry out the investigation 
and identification of each of the Landsat images used in this study.

The NDVI was performed through the processing of the bands of the satellite 
images, for Landsat 5 band 3 (red) and 4 (near-infrared) and Landsat 8 band 4 (red) 
and 5 (near-infrared) by the following equation (Zaitunah et al., 2018):

 
NDVI

NIR RED

NIR RED
=

+
−

 
(36.1)

where:
NIR: near-Infrared.
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RED: reflectivity of the red band.
The formulation of the simulation model of this research considers information 

related to the crops available to plant in the municipality of Santa Marta and Dibulla. 
The definition of each of the parameters used is described below.

Set:

 i I Crops ready for seeding∈ :     

Decision variable:

Fig. 36.1 Study area location
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Table 36.1 Landsat images used in the project

Date
Landsat image IDDD/MM/AAAA

20/12/1997 LT05_L1TP_008052_19971220_20161228_01_T1_
B4

20/12/1997 LT05_L1TP_008052_19971220_20161228_01_T1_
B3

20/07/1997 LT05_L1TP_009052_19970720_20161230_01_T1_
B4

20/07/1997 LT05_L1TP_009052_19970720_20161230_01_T1_
B3

30/06/1998 LT05_L1TP_008052_19980630_20161223_01_T1_
B3

30/06/1998 LT05_L1TP_008052_19980630_20161223_01_T1_
B4

17/03/1998 LT05_L1TP_009052_19980317_20161226_01_T1_
B3

17/03/1998 LT05_L1TP_009052_19980317_20161226_01_T1_
B4

26/12/1999 LT05_L1TP_008052_19991226_20161217_01_T1_
B3

26/12/1999 LT05_L1TP_008052_19991226_20161217_01_T1_
B4

15/01/1999 LT05_L1TP_009052_19990115_20161220_01_T2_
B3

15/01/1999 LT05_L1TP_009052_19990115_20161220_01_T2_
B4

29/01/2001 LT05_L1TP_008052_20010129_20161212_01_T1_
B3

29/01/2001 LT05_L1TP_008052_20010129_20161212_01_T1_
B4

05/02/2001 LT05_L1TP_009052_20010205_20161212_01_T1_
B3

05/02/2001 LT05_L1TP_009052_20010205_20161212_01_T1_
B4

11/09/2007 LT05_L1TP_008052_20070911_20161111_01_T1_
B3

11/09/2007 LT05_L1TP_008052_20070911_20161111_01_T1_
B4

18/09/2007 LT05_L1TP_009052_20070918_20161112_01_T1_
B3

18/09/2007 LT05_L1TP_009052_20070918_20161112_01_T1_
B4

04/01/2015 LC08_L1TP_008052_20150104_20170415_01_T1_
B4

04/01/2015 LC08_L1TP_008052_20150104_20170415_01_T1_
B5

(continued)
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 A Amount of area to sow for the cropi hai :      [ ] 

Parameters:  Rend Crop performancei ton hai : / [ ] 

 Precio Crop valuei toni : / $[ ] 
 Costos Crop cost i hai : / $[ ] 
 A Area available for the crop hadisp :     [ ] 
 Inv Available investmentdisp :  $[ ] 
 E Estimated proportion for cultivationii : .    

The mathematical programming model has the following structure:
Objective function:

 
max : ,

:

Z Rend Precio A Costos Autilidad
i

n

i i i i i
1
∑ × ×( ) − ×( )









 
(36.2)

Restrictions:

 i

n

i i dispCostos A Inv
:

,
1
∑ ×( ) ≤

 
(36.3)

 

A

A
E i Ii

disp
i≥ ∀ ∈ ,

 
(36.4)

Table 36.1 (continued)

Date
Landsat image IDDD/MM/AAAA

27/11/2015 LC08_L1TP_009052_20151127_20170401_01_T1_
B4

27/11/2015 LC08_L1TP_009052_20151127_20170401_01_T1_
B5

30/12/2018 LC08_L1TP_008052_20181230_20190130_01_T1_
B4

30/12/2018 LC08_L1TP_008052_20181230_20190130_01_T1_
B5

05/12/2018 LC08_L1TP_009052_20181205_20181211_01_T1_
B4

05/12/2018 LC08_L1TP_009052_20181205_20181211_01_T1_
B5

Source: Author, 2019
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 i

n
i

disp

A

A:

,
1

1∑ =
 

(36.5)

 i

n

i dispA A
:

,
1
∑ ≤

 
(36.6)

 Ai ≥ 0, (36.7)

Equation (36.2) refers to the calculation related to the maximum utility that can 
be achieved by each of the selected crops, which meet the agroclimatic characteris-
tics of the area, Eq. (36.3) limits the investment capacity of the takers of decision, 
Eq. (36.4) allows to establish proportionality conditions for different crops in the 
same available area, and restrictions (36.5) and (36.6) allow the full use of the avail-
able area and limit its use according to its availability.

36.3  Research Results

The NDVI has been implemented over different periods in order to identify changes 
in the vegetation cover of the study area. The result of this indicator varies from −1 
to 1, where the minimum value reflects bare soil, arid terrain, urban areas, and/or 
rock on maps up to values   close to 0 and values   greater than 0 show soils with 
healthy and vigorous vegetation (Islam et al., 2016).

From the index range of 0.36 to 0.51, a selection was made by attributes to know 
the places in the different years of study where these values   were present, as can be 
seen in Fig. 36.2.

In 1998, it can be seen (Fig. 36.2) a marked change in color of the NDVI (red to 
green) and coca crops (purple, area of coca crops in 2017 according to the Ministry 
of Justice; white, coca crops of the study year) between the municipalities of Santa 
Marta and Dibulla. This is because of the selection of a satellite image from another 
month concerning the municipality of Dibulla.

Coca cultivation from 2001 to 2007 decreased significantly in the Santa Marta 
area and a little in the municipality of Dibulla. However, coca crops increased for 
2015 and 2018 compared to 2007. For 2018, it is evident that the area of coca crops 
is not completely white, which represents a decrease in these crops.

In addition to the colors, it is also possible to analyze the histograms found on the 
maps. From 1997 to 2007, an uneven amount of the NDVI values   is observed, com-
pared to the years 2018 and 2015, where the values   of the graphs tend to be constant.

Since there is still a presence of coca crops in the study area, the viability of 
alternative crops to replace them is studied. According to Agronet (2019), ten sus-
tainable crop alternatives are selected for the area. Table 36.2 shows that only four 
of the ten crops chosen meet the conditions of relative humidity, precipitation, and 
temperature that occur in the area.

36 Illicit Crops, Planning of Substitution with Sustainable Crops Based on Remote…
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Fig. 36.2 NDVI in coca crops in the years 1997, 1998, 1999, 2001, 2007, 2015, and 2018. Note 
in purple the coca crops as reported by the Ministry of Justice, and the more recent coca crops from 
images of this study in white
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The crops that meet the above conditions are mechanized rice (1), beans (5), 
plantain (9), and cassava (10). These crops are entered into the crop selection model 
as shown in the following Table 36.3.

The most useful crop is cassava, with an area of 300 ha, followed by mechanized 
rice and plantain (150 ha and 50 ha, respectively). This significant difference in util-
ity occurs due to the difference in the yields of each crop. The yield of cassava cul-
tivation is 12 ton/ha, compared to 4 ton/ha of mechanized rice and 5.39 ton/ha of 
plantain (Agronet, 2019). In this analysis, results for the cultivation of beans are not 

Fig. 36.2 (continued)
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provided because its utility is negative and does not comply with the restrictions of 
the crop selection model. The utility of the bean crop is very low in the study area 
compared to the other crops, being 0.87 ton/ha (Agronet, 2019).

Furthermore, a determining variable in the model is the amount of investment 
available. According to the data in the table above, an investment of USD 1,092,160.6 

Fig. 36.2 (continued)

Table 36.2 Ideal crops for the study area

No. Crops
Variable of decision 
HR

Variable of decision 
PP

Variable of 
decision T Satisfy

1 Mechanized 
rice

1 1 1 Yes

2 Banana 1 1 0 No
3 Coffee 0 1 0 No
4 Citrus fruit 1 0 1 No
5 Beans 1 1 1 Yes
6 Traditional 

corn
1 0 0 No

7 Mango 1 0 0 No
8 Palm oil 0 0 1 No
9 Plantain 1 1 1 Yes
10 Cassava 1 1 1 Yes

Source: Author, 2019

Table 36.3 Model crop selection result

No Crops Income (USD) Total cost (USD) Planting area (ha) Utility (USD)

1 Mechanized rice 385,845.9 255,671.8 150 130,174.1
2 Beans – – 0 –
3 Plantain 183,370.0 111,810.9 50 71,558.8
4 Cassava 1,798,800.0 724,680.2 300 604,645.3

Source: Author, 2019
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(sum of total costs) must be made in order to plant these crops in the area proposed 
by the simulation model. Not having the total investment amount for planting the 
crops, the data in the model variable can be updated; however, the available area 
could not be planted entirety.

36.4  Conclusion

Satellite images – from the US Geospatial Geological Survey database – are a good 
tool to visualize the multi-temporal change in coca cultivation and to extract infor-
mation about the vegetation cover of the area analyzed. ArcGIS Pro software is able 
to process images from that database to carry out the required analysis to provide an 
assertive interpretation of the issues studied in the area analyzed.

The NDVI was useful to know not only the state of the vegetation cover but also 
the location of the coca crops, knowing their rank in this index. According to the 
study carried out, the range is between 0.36 and 0.51; and the most affected areas 
are north of the Sierra Nevada de Santa Marta between the municipalities of Santa 
Marta and Dibulla. Therefore, this document provides a critical cartographic base of 
plant cover, location, and variation of coca crops in the study area during differ-
ent years.

For instance, from data analyzed in this work, according to the parameters of 
relative humidity, precipitation, temperature, and utility, rice, plantain, and cassava 
should be sown, cassava being the crop with the best match with the geophysical 
attributes of the area studied, and the highest potential to generate higher economic 
performance to the population in the affected areas.

The results of this research, adding to the generation of new knowledge in the 
management of the vegetation cover, can provide information to support the cre-
ation of guidelines for the formulation of land use policies at a regional, national, 
and international scale, related – but not limited – to the identification of illicit crops 
and its substitution. In this context, through the implementation of the methods 
tested in this work, the case for sustainable crops can be more accurately justified 
and presented as a solution to the management of substitution of illicit crops.
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Chapter 37
Bibliometric Study on Particle Emissions 
of Natural and Alternative Building 
Materials

Nana Benyi Ansah, Emmanuel Adinyira, Kofi Agyekum, and Isaac Aidoo

37.1  Introduction

Pollution characterised by building construction material emissions has become a 
hot spot of study due to its accompanying environmental and health complexities. 
This research aims to conduct a structured literature review on the subject of particle 
emissions of natural and alternative building materials. The high demand for con-
struction materials is dependent on consumption of raw materials (Lassio  and 
Naked, 2016). The difficulty of determining the pattern of toxins emitted from the 
use of building construction materials by the built environment professional has led 
to the use of several toxic materials which are worthy of attention. Some of these 
materials are legally accepted, yet they contain some form of toxicity (Levin, 2016; 
Pacheco-Torgal & Jalali, 2011). Thus, there is the need for environmental assess-
ment of building materials so as to substitute those prone to health ramifications 
with more environmentally friendly ones in the delivery of sustainable building 
construction projects (Farahzadi et al., 2016).

In their study of building material emissions through regression, He et al. (2005) 
argued that emission parameters have a causal connection between the molecular 
structure of compounds and material properties. Their study explained that the two 
most widely accepted physical models for emission determination are (1) the diffu-
sion coefficient [D] and (2) the partition coefficient [K]. Thus, many researchers use 
Fick’s law to interpret the mass transfer inside the material due to the concentration 
difference. The argument by He et al. (2005) was affirmed by the research carried 
out by Zhang et  al. (2018, p.3)  – through material efficiency by separation and 
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dematerialisation. The material efficiency measurements ‘include all changes that 
result in decreasing the number of materials used to produce one unit of economic 
output or to fulfil human needs’.

To be able to assess the emission characteristics of building construction materi-
als, there is a need to determine the emission factors and the taxonomy of chemicals 
emitted concerning the materials’ health intricacies. Analysing the search results 
from a bibliometric review, an overview of natural and alternative material emis-
sions is presented in this paper with discussions and pathway for future research.

The procedure involved a detailed literature review of building construction 
materials to provide a summary of existing studies of particle emissions. The litera-
ture is relative to the health implications of the materials in question that apply to 
the built environment. The study depended on those building construction materials 
available on the market with emission quality deductions and consisted of 
three stages.

Stage 1 consisted of articles retrieved from reputable databases from a list of 
publications using the keywords as the benchmark. Further, articles from each data-
base were grouped and sorted based on their relevance to the objectives of the study. 
In stage 2, a systematic review of the articles (peer-reviewed journals, original 
industry reports) and books to solicit for the data of particulate matter emissions of 
building construction materials and their health benefits and/or challenges was car-
ried out. Critical reading was carried out to obtain evidence and to provide a useful 
evaluation of the text. Stage 3, the final stage, considered the impact of emissions on 
human health from literature.

37.2  Search Strategy

The scope of the literature search was within the confines of the widely academi-
cally recognised databases, namely, Google Scholar, ScienceDirect, ResearchGate 
and Web of Science. The literature was then sorted according to their background, 
for example, Journal of Cleaner Production (JCP), Multidisciplinary Digital 
Publishing Institute (MDPI), ResearchGate and Original Industry Reports and 
Letters. The studies that did not connate to the objectives of the review were 
removed. The literature retrieval was done using the keywords and Boolean logical 
operators – for example, natural and alternative building material emissions. Sources 
of literature that had strong affinity to the study theme were used as a foundation for 
the review (Ramdhani et  al., 2014). Also, particulate matter emissions, factors 
affecting material emissions and building construction material efficiency were 
included in the search plan as text words. To ensure that high-quality literature was 
used, refereed journals and original documents were selected for the study (Wallace 
& Wray, 2013).
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37.2.1  Frontline Literature

A total of 127 journal articles, industry reports, letters and unpublished articles were 
retrieved from various databases. Following Sun et al. (2020) and Chan et al. (2020) 
study, a scrutiny of all the articles was carried out. Repeated articles were removed 
and those articles with the required relevance to the study were selected. After this 
consideration, a total of 107 articles remained. With the need for more relevance, a 
comprehensive examination of abstracts, conclusions and full-text analysis was car-
ried out. After the examination of the abstracts, conclusions and text analysis, 53 of 
the articles found to be relevant to the research were collected for further studies. 
Seven out of the 53 publications were deemed to be most relevant to the study and 
were captioned ‘frontline literature’, and they were used as the basis for the litera-
ture synthesisation. Table  37.1 shows the keywords setting used for the search. 
Table  37.2 shows the spread across various search results of the final literature. 
Table  37.3 clarifies the synthesised matrix organised by frontline literature 
(Fig. 37.1).

37.3  Family of Construction Materials

37.3.1  Natural Materials (Traditional)

In their study of building material emissions for the construction of classrooms, 
Moulton-Patterson et al. (2003) classified ‘commonly used building products con-
taining low or no recycled content’ as standard or natural materials. When the work-
ing life of construction material is increased, the eco-friendliness of the content is 
improved (Edwards and Bennett, 2003; Hertwich et  al., 2019). In their study of 
material efficiency, Ruuska and Häkkinen (2014, p. 267) argued that the use of natu-
ral materials supports the quality of life of the occupiers of the building. They posit 
that the ‘natural building material that has the required emission stipulations pro-
vides a better construction option and also reduces emission’. Natural materials are 
found as either renewable or non-renewable. The renewable materials are those that 

Table 37.1 Keywords setting used for the search

Parameter Setting

Keywords Natural material and particulate matter 
emissions
Alternative material and particulate matter 
emissions
Natural material emission factors
Alternative material emission factors
Particulate matter emission factors
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can be replenished after harvesting, while the non-renewable material resource is 
those that can only be gathered once. The theory of durability concerning material 
efficiency was corroborated by Lifset and Eckelman (2013) and Levin (2016). In his 
plenary architecture lecture, Levin (2016, p.15) explained, ‘selecting natural build-
ing materials that are durable has sufficiently environmental benefits than the one 
that must be substituted more than once in the life of the building’. For example, 
when the concrete cover is doubled from 10  mm to 20  mm, the service life of 

Table 37.2 The spread of literature search relevant to the study

No.
Database/
background

Initial 
retrieval

Final 
retrieval 
relevant to 
study References

1 Google scholar 50 21 Maoeng et al. (2020), Had and Brain (2020), 
Milner et al. (2020), Aisyah et al. (2019), 
Huang et al. (2019), Keita et al. (2018), Souza 
and Borsato (2016), Gonçalves de Lassio and 
Naked Haddad (2016), He et al. (2005), 
Upstill-Goddard et al. (2015), Doroudiani 
et al. (2012), Glass (2011), Reed (2011), 
Ghumra et al. (2011), Holton et al. (2008), 
James and Yang (2005), Magee (2005), 
Moulton-Patterson et al. (2003), Edwards and 
Bennett (2003) and Bellis (1998)

2 ScienceDirect 19 11 Xia et al. (2020), Jung et al. (2019), Nwodo 
and Anumba (2019), Harb et al. (2018), 
Martínez-Rocamora et al. (2016), Wille and 
Boisvert-Cotulio (2015), Azari (2014), 
Ramesh et al. (2010), Haapio and Viitaniemi 
(2008), Aoki and Tanabe (2007) and Wegener 
et al. (2007)

3 Original industry 
reports and letters

16 11 Raifman et al. (2020), Greenstone and Ryan 
(2020), IISD (2019), Chin et al. (2019) 
Hertwich et al. (2019), SimaPro Library 
Database Manual Colophon, M. (n.d.), Meng 
et al. (2015), Hillman et al. (2015), United 
States Environmental Protection Agency 
(2013), Baetens et al. (2010) and Järnström 
(2007)

5 Multidisciplinary 
digital publishing 
institute

9 5 Shi et al. (2020) Kong et al. (2020), Sun et al. 
(2020), Mohajerani et al., 2019) and Ruuska 
and Häkkinen (2014)

6 Journal of cleaner 
productions

7 4 Cheriyan and Choi (2020), Silva et al. (2019), 
Khoshnava et al. (2018) and Gmelin and 
Seuring (2014)

7 ResearchGate 10 5 Zhang et al. (2018), Levin (2016), Farahzadi 
et al. (2016), Jalali (2015) and Zhang (1997)

Total 111 57
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reinforcement  – ‘defined as the time it takes carbonation to reach the reinforce-
ment’, Levin (2016, p. 63) – is increased by 400% but increases concrete consump-
tion by only 5–10%. Farahzadi et  al. (2016) proposed a variety of conventional 
construction materials: viz. standard bricks, oil paint, aluminium frames, polysty-
rene thermal insulation and air-filled double glazed windows.

Table 37.3 A synthesised matrix organised by frontline literature

Author and 
date Purpose Finding Background

Kong et al. 
(2020)

To evaluate the carbon 
emissions during the 
construction process of a 
prefabricated concrete slab

The carbon emission from 
prefabricated concrete slab is 
35% less than cast in place 
(p. 12)

MDPI

Hertwich 
et al. 
(2019)

To address the current state of 
knowledge in reducing 
emissions through material 
efficiency focusing on product 
groups: Building, vehicle and 
electrical

A considerable potential exists 
to decrease abundant emissions 
connected to material 
production used in buildings 
and vehicles. Evidence for 
emission reduction in the 
electrical group is limited 
(p. 13)

Environmental 
research letters

Farahzadi 
et al. 
(2016)

To examine the similarities in 
energy efficacy and emissions 
of using traditional materials 
with proposed alternative ones 
(p. 187)

Using eco-friendly materials in 
building construction reduces 
energy consumption and 
promotes emission reduction

ResearchGate

Levin 
(2016)

To exhibit analysis to assist 
design alternatives in reducing 
harmful impact on indoor and 
general environments

‘Durable materials are less 
likely to emit contaminants 
into the atmosphere, will 
require less toxic chemicals for 
the maintenance and 
refurbishing and, by definition, 
will be longer lasting’ (p. 17).

ResearchGate

Pacheco- 
Torgal and 
Jalali 
(2011)

To discuss the effects of toxic 
building materials

‘Several building materials that 
comply with regulations 
remain toxic to human health’ 
(p. 5)

ResearchGate

He et al. 
(2005)

To use emissions data to 
provide information on 
emission parameters (p. 60)

Compound molecular structure 
and material properties affect 
diffusion and subsequently 
affect emissions

Google scholar

Moulton- 
Patterson 
et al. 
(2003)

To compare emissions data of 
traditional materials with that 
from no or low recycled 
products (standard) and those 
with high recycled content, 
rapidly renewable and/or 
products containing low or no 
VOCs (alternative)

Many products tested emitted 
chemical concentrations 
exceeding the allowable 
concentration limits used in the 
study

Google scholar
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37.3.2  Alternative Materials

Moulton-Patterson et al. (2003) carried out an extensive study on material emissions 
for the construction of schools in the United States. During their study, they classi-
fied alternative materials as those with ‘higher amounts of recycled content, rapidly 
renewable materials, and/or products containing no or low volatile organic com-
pounds – VOCs’ (p. 1). However, in their study of the assessment of alternative 
materials, Farahzadi et al. (2016) also established the following materials as being 
alternative construction materials, thus clay blocks, glass wool thermal insulation, 
acrylic paint, wooden frames and argon-filled double glazed windows. In his study 
of building ecology (design alternatives), Levin (2016, p. 7) characterised building 
materials as one of the essential primary criteria for classifying a building as either 
healthy or not. The trade-offs in using alternative building construction material are 
to accomplish the expected results. The optimum way of doing this is ‘to select low 
emitting products, to condition or treat the product before installation or to ventilate 
the building after installation before occupancy’.

To this effect, the most prudent way of reducing environmental pollution from 
building construction materials and thus raise its efficiency is to use them again at 
the end of their useful life to prevent them from going through the processes of 
extraction to processing (Hertwich et al., 2019) (Table 37.4).

After Farahzadi et al. (2016)

Stage Two Stage Three

Stage One

Science 
Direct

Google 
Scholar

Research 
Gate

General Literature 
search

Database

literature 
Sorting 

MDPI

Natural Material 
Emission Factors

Frontline 
Literature

Health 
Implications

Alternative Material 
Emission Factors

JCP

Fig. 37.1 Literature search process after Sun et al. (2020)
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37.4  Natural and Alternative Material Selection

In their study of validating a set of empirically weighted sustainability indicators for 
construction products, Ghumra et al. (2011) posit that pollution from the use of the 
construction materials was highest on the ranking of all indicators. Life cycle 
assessment (LCA) has the most significant attention based on the indicators’ respec-
tive weightings used in their study. Even though LCA is a widely accepted criterion 
in the promotion of sustainable material selection, the process is intensive and dif-
ficult to handle. Upstill-Goddard et al. (2015) argue that those responsible for mate-
rial selection may choose other methodology and still aim for higher performance. 
To this effect, Upstill-Goddard et al. (2015) suggest that LCA methodology should 
be carried out and promoted as a separate entity.

Khoshnava et al. (2018) conclude that the action of building material selection 
involves a complex challenge which usually looks at quality, performance, beauty 
and cost to reveal the main serviceability functions. In selecting building materials, 
whilst the focus is usually on the environmental impact reduction, it is imperative to 
consider the economic and social impacts as well. The emission characteristics 
which contribute to human health efficiency are considered under social impact.

37.5  Particulate Matter (PM) Emissions

Particulate matter emissions are characterised by the presence of small particles and 
liquids.

Depending on their size, particles can be inhaled deeper into different parts of the 
respiratory system causing serious health challenges.

Doroudiani et al. (2012, p. 264) investigated the toxic release from construction 
materials during fire. The authors reported in their study that ‘particle size larger 
than 5μm are filtered in the upper respiratory system while the smaller ones can 
travel to bronchial and alveolar areas’.

In their study on cities’ ambient particulate matter source contribution 
Karaguliana et al. (2015) and Bylone (2019) clarified that as of year 2015, PM was 
judged to be the core function for health effects of pollution.

Table 37.4 Conventional and alternative building construction materials

No Conventional materials Alternative materials

1 Brick Clay block
2 Petrochemical insulation (polystyrene) Mineral-based insulating (glass wool)
3 Synthetic and petrochemical paints (oil 

base)
Natural paints (acrylic)

4 Aluminium window frames Wooden window frames
5 Double glazed 6 mm spacing (air-filled) Double glazed 6 mm spacing 

(argon-filled)

37 Bibliometric Study on Particle Emissions of Natural and Alternative Building…



502

37.5.1  Emissions and Human Health

Pacheco-Torgal and Jalali (2011, p. 2) substantiated that a large number of building 
construction materials exhibit some form of toxicity, ‘thus causing several health- 
related problems such as asthma, itchiness, burning eyes, skin irritations or rashes, 
nose and throat irritation, nausea, headache, dizziness, fatigue, reproductive impair-
ment, disruption of the endocrine system, impaired child development and birth 
defects, immune system suppression and cancer’. Table 37.5 shows some cancer- 
causing agents and their likely sources from paints used in the building industry.

The global burden of disease (GBD) reported in 2015 that air pollution is the 
fifth-ranked mortality factor (Burnett et al., 2018).

During a fire, significant toxic chemicals are emitted from building materials. 
These chemicals released are very harmful to human health (Doroudiani et  al., 
2012). Considering Doroudiani et  al. (2012) study and GBD (2015) report, it is 
imperative that emissions from both the usage of materials and their combustion 
properties are taken into account during selection of natural and alternative materi-
als for construction projects.

37.5.2  Factors Affecting Building Material Emissions

The detailed study carried out by Moulton-Patterson et al. (2003) outlined certain 
critical factors that affect the emissions from materials. Examples of these factors 
include:

• Quantity of material used in a particular operation.
• The assumed average ventilation rate.
• The time between completion of construction and occupancy.
• Building ventilation rate before and during occupancy.
• Age of material between manufacturing and installation.
• Storage, delivery and construction practices.

Table 37.5 Carcinogenic properties in paint

Property Likely source

Chromates Primers
Cadmium Pigments
Benzene Solvents
Nickel compounds Pigments
Tetrachloroethylene Organic solvent
Lead Primers, dryers
Methylene chloride Paint strippers

Source: Pacheco-Torgal and Jalali (2011)
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These factors critically affirm that material efficiency has a larger role to play in 
terms of emissions. This means emission of a material is a direct function of the 
quantity of material and its concentration present in a product which affirms 
Fick’s law.

37.6  Material Efficiency

Holton et al. (2008) emphasise the role of responsible material sourcing leading to 
enhanced material selection through material efficiency to provide an avenue to 
unlock opportunities to improve competitiveness.

In this perspective, Glass (2011) argued that responsible sourcing in industrial 
procurement practice is a challenge to selecting sustainable efficient materials. The 
study explains that for selecting an efficient construction material, there is the need 
to be proactive rather than reactive. ‘The construction industry’s fragmented supply 
network is a fundamental problem’ (Glass, 2011, p. 169). Zhang et al. (2018) estab-
lished that eco-friendly indicators emphasise the environmental reduction of 
resource use. The study by Ruuska and Häkkinen (2014), Edwards and Bennett 
(2003) and Hertwich et al. (2019) corroborates to the assertion that the durability 
and longevity of a material contribute to its eco-friendliness and thus its efficiency.

37.7  Conclusion and Future Research Direction

Motivated by building material emissions and their accompanying health complex-
ness, this study concentrated on the need for insight into particle emissions of both 
natural and alternative building materials as directions for sustainable built environ-
ment achievement. The literature was sorted and categorised to help understand the 
pathway to the study of material emissions in the academic fraternity. A list of the 
important databases with their brief research engagement helped to outline the 
scope of this review. Durability and longevity of construction materials appear to be 
very significant in the study of construction material selection as corroborated by 
the study carried out by Ghumra et al. (2011).

The problem of selecting good quality material with emission-free health chal-
lenges stems from the fact that the built environment professionals have little clue 
of knowing about the toxicity of building materials. Throughout the review, litera-
ture has been quiet on the emissions of PM10 and PM2.5 released from the use of both 
natural and alternative materials. This calls for concern, and a more significant 
research direction is required towards the study of this phenomenon to yield the 
required data that is essential for analysing the health complexities accompanying 
the use of these construction materials. Alternatively, the review confirms several 
studies on emissions relative to carbon and volatile organic compounds on building 
materials.
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The study has been limited because to ascertain a more in-depth theoretical 
account, detailed analysis and discovery are paramount to bring forwards the bound-
ary of emissions between natural and alternative materials.

Future research pathway(s) should provide more information on particulate mat-
ter emissions (PM10, PM2.5) of building construction materials with various quantita-
tive emission factors of both natural and alternative materials.

Responsible material sourcing has also been found as an enhanced methodology 
to promote the mitigation of challenges associated with material selection. To this 
effect, even though life cycle assessment methodology is cumbersome, it provides a 
better inclusion in responsible sourcing (ethical management of sustainability issues 
within the construction supply chain) to demonstrate transparency with regard to the 
materials within a particular product, and thus aids in their selection.

When this is done, the confidence for material selection will be expanded to 
enable the built environment professional to make bold and knowledgeable deci-
sions in this direction.
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Chapter 38
Social Acceptance and Societal Readiness 
to EVs
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and Salma M. S. Alarefi

38.1  Introduction

The transport sector is among the major contributors of greenhouse gas emissions 
with emissions expected to reach 50% by 2030 (Egbue & Long, 2012). The latter 
has motived the shift towards electrification of transpiration (Lieven et al., 2011). 
Despite the advances in the technology, the uptake of EVs by the public has been 
modest due to concerns over the sustainability of the fuel, cost, safety and reliability 
as well as the maturity of the technology (Lieven et al., 2011). Researchers have 
been engaged with enhancing the sustainability of plugin EVs. For example, renew-
able power-assisted EV charging stations have been emerging as a greener charging 
(Lewis et al., 2012). Innovative technologies like carbon capture and sequestration 
to reduce emission levels have also been investigated (Klemeš et al., 2012; Krupa 
et al., 2012), that is, in addition to the well-documented investigations of the life 
cycle analysis of EV batteries and the range, maintenance, charging infrastructures 
and initial cost of EV (Jensen et al., 2014; Krupa et al., 2012; Krupa et al., 2014; 
Offer et al., 2010).

Inevitably, the public awareness and attitude towards electrification of transpira-
tion have a vital role in stimulating interest in the technology. In fact, a study con-
ducted in (Lewis et al., 2012) reported that 10% of the participants claim to have 
concerns about the reliability of EVs. In relation to the performance of EVs, how-
ever, understanding the correlation between the fuel and mileage seems to be a great 
discouraging factor. Unlike combustion engine cars which illustrate a visual estima-
tion of fuel consumption, such indication is not available in EVs. The latter could 
lead to anxiety issues affecting the safety of the driver (Klemeš et al., 2012).
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Arguably, the low uptake could be accredited to the acknowledged trade-off 
between storage capacity and cost of EVs. This remains under investigation for 
improved fuel economy and expected to vanish as the technology matures. In rela-
tion to that, when deciding on a car, however, it is argued that consumers seem to 
overlook the long-term financial benefit (Krupa et  al., 2014). This is interesting, 
given that the fuel economy of EVs (i.e. in terms fuel per mile) is 50% less than that 
of a traditional gasoline-fuelled vehicle (Jensen et al., 2014).

In 2016, the electric stock market for plugin hybrid and battery-based EVs has 
reached two million (from a couple of hundred thousand in 2010) (Erdem, 2011). 
According to the International Energy Agency (IEA), the global EV population is 
projected to reach 130 million by 2030 (Hawkins et al., 2013). As well as fuel sus-
tainability, the availability of accessible public charging stations contributes to mod-
est uptake levels (Lieven et al., 2011). In terms of fuel flexibility, the uptake in urban 
areas continues to be challenged by the poor charging infrastructure both at residen-
tial level and workplaces (Lieven et al., 2011; Lane & Potter, 2007). In the UK, for 
example, home charging is not possible for most households with limited if any 
parking spaces (Krupa et al., 2012). In Leeds, for instance, currently there are 20 EV 
charging stations that are capable of charging 88 EVs (Offer et al., 2010). In fact, 
Leeds City Council is promoting and enforcing the use of EVs in the city. The coun-
cil predicts wide spread of EVs for work commute by 2030 (Krause et al., 2013). 
The city council has 44 EVs with plans to replace existing 50 vehicles by cleaner 
and greener zero-emission Nissan vans. In total, the city council will have 95 EVs 
more than any country authority in 2018 (Kenneth & Reid, 2008).

Despite advances in EV technologies which continue to emerge as a promising 
alternative for sustainable urbanisation, the uptake in the city of Leeds is modest 
and continues to be challenged by the public attitude towards the technology. It is 
with no doubt that public engagement and interest in the uptake are vital to motivate 
the sustainable transition towards electrifications of the transportations. This study 
therefore investigates the attitude of the people of Leeds towards the uptake of EVs. 
To set the scene, literature related to the common factors which impacts the social 
acceptance of EVs is briefly reviewed based on studies carried out in the UK. The 
methodology of the qualitative survey is outlined. Before concluding, the implica-
tions of results are briefly discussed and supported by outline of recommendation 
and future directions.

38.2  Literature Review

The global public attitude towards adoption of EV remains to be controversial. In 
fact, the environmental sustainability of EV fuel continues to be challenged by envi-
ronmental enthusiasts and influencers with concerns over pollution shifting (Egbue 
& Long, 2012; Lieven et al., 2011). Not to mention the high initial and maintenance 
cost and long payback times of EVs. From an economic sustainability prospective, 
the economic viability of investing in EV does not compare with other sustainable 
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socioeconomic investment choices such as a residential grid-connected solar PV 
system (Lewis et al., 2012; Klemeš et al., 2012).

According to the National Grid, 43% of the UK households lack the front park-
ing space required for home charging (Krupa et al., 2012). The social acceptance 
and readiness for the transition depend on different factors such as finical, vehicle 
performance and charging infrastructure (Jensen et al., 2014; Erdem, 2011). The 
financial concerns are related to the price of the EV (Graham-Rowe et al., 2012), the 
battery cost (Jensen et al., 2014) and the poor understanding of the fuel and mainte-
nance cost (Lewis et  al., 2012). Whereas concerns over vehicle performance are 
related to the safety, range, battery life and reliability (Lieven et al., 2011; Turrentine 
& Kurani, 2007), the nature of the power supply and the availability of public and 
residential charging contribute to consumer’s great concerns over the charging 
infrastructure (Lieven et al., 2011; Lane & Potter, 2007; Sierzchula et al., 2014). It 
is obvious that public awareness of EV technologies is a function of age, income, 
level of education and environmental awareness (Zhang et al., 2013). The interest of 
environmentally aware and highly educated consumers is well defined in existing 
studies (Lieven et al., 2011; Jensen et al., 2014; Nayum & Klöckner, 2014).

According to (Klemeš et al., 2012), following a week trail, UK drivers reported 
their unsatisfaction with the charge duration and appearance of the car. Furthermore, 
the limited range of the vehicles and their performance are major issues in their 
acceptance by the society and prolong the readiness to decide and own these vehi-
cles (Lieven et al., 2011).

Indeed, EVs have great potential to compete with traditional vehicles if the asso-
ciated infrastructures are made widely available (i.e. as that of existing filling sta-
tions for gasoline/diesel cars) (Erdem et  al., 2010). As well as fast charging 
technologies for workspace, the comfort of home charging, overnight charging in 
particular, would then be a flexibility factor that could further motivate the transition 
towards electrification of transportation (Dagsvik et al., 2002). While the technol-
ogy continues to progress, improving the sustainability of the supply through exist-
ing mature technologies (i.e. energy diversifications through renewables) is likely to 
influence sustainability informed consumers and aid with the transition. Interestingly, 
a Swedish study found that personality and attitude of consumers’ had an influence 
on the decision-making of car owner’s (Kishi & Satoh, 2005). Similarly, a study in 
(Jansson, 2011) reported that participants believed that driving a hybrid vehicle 
reflected their personalities and values. It is reported that better educated, environ-
mental consciousness considers the adoption of the niche technology as a status 
symbol and that owners feel respected for driving EV (Heffner et al., 2007).

Given the abovementioned, the social acceptance of EVs is discouraged by many 
factors including the availability of charging infrastructure. It is evident that the 
availability of home charging increases consumers’ willingness to purchase EVs. 
The environmental benefits associated with EVs such as zero emissions persuaded 
users to overlook the shortcomings of EVs such as appearance or performance 
issues. There is however a gap on understanding the role of renewable powered 
charging stations in the stimulation of the public interest and engagement with EVs. 
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Examples of key forces that continue to challenge public acceptance of the EVs are 
critically analysed through PESTE and summarised in Table 38.1.

Table 38.1 PESTE analysis of the key forces that challenge public acceptance of EVs and avenues 
for opportunities

Threats Opportunities

Political • Risk of green washing activity to 
meet the net 2050 zero-emission 
targets.
• Post Brexit uncertainties impact on 
batteries sourced from EU due to lack 
of active battery plants in the U.

• Innovative legislation and incentives to 
support individual and organisational 
take-ups.
• Political intervention can accelerate 
technological adoption in some societies 
(Rogers, 1995).

Economic • Increasing production cost for UK 
manufacturing companies.
• High competitions with emerging 
economies (e.g. China).

Extra government funding to pave the 
road to zero strategy for
• Manufacturer – Help mitigate difficult 
market condition, increased cost and low 
uptake.
• Research and development – Aid with 
the development of cost-effective EVs 
and, sustainable charging 
infrastructure to eradicate consumers 
concerns over the technology.
• Individuals – Widespread instalments 
of charging points in new-build homes, 
accessible and inclusive tax-free loans 
and incentives to further encourage 
uptake of EVs.

Societal • Early adopters are often better 
educated, are more literate and have 
higher social status.
• High prices limit access and hence 
adoption (Element Energy, 2009).
• Poses alternative on three levels: 
Symbolic, organisational and 
behavioural basis (Hard & Jamison, 
1997).
• A car is more than just a method of 
transport; for some, it is a status 
symbol or an expansion of ones’ own 
physical space (Latour, 2005).
• Early take-up of EVs in the UK is 
gendered (Brady, 2010; Heffner et al., 
2007a).
• Vehicle symbolism price and 
economy (Scharff, 1992).

Sustainability education to communicate 
the need for sustainable transportation 
and benefits it can add to the health and 
wellbeing of the society (e.g. creation of 
jobs and training opportunities, 
promotion of green societies and 
economies) at
• Early learning – For less car- 
dependent society overturn.
• Social and public media – Encourage 
and support sustainable sociotechnical 
system.
• Universities and in the workplace –  
Help to eradicate stereotype about EV 
symbol.

(continued)
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38.3  Research Methodology

38.3.1  Survey

The survey was conducted on different demographics of the community based on 
age and education levels. The qualitative survey was in the form of a questionnaire 
containing 11 closed-ended multiple choice questions.

The questions were categorised into three sections: the first section is related to 
the participant’s demography which includes age and education level, the second 
section studies the attitude towards the UK government policy and the understand-
ing of the role of EVs in carbon emission reduction, and the third section investi-
gated the public willing to invest on EVs. To gain a deeper understanding of 
motivating factor that would stimulate the uptake of EVs, the response towards 
renewably assisted EV charging station as well as the automation of EVs was inves-
tigated. The survey was distributed through Leeds social media groups (i.e. 
Facebook, LinkedIn, WhatsApp) and by emails to the student and staff community 
at the University of Leeds, and the responses were collected for analysis through 
Google Forms.

Table 38.1 (continued)

Threats Opportunities

Technology • Risks to pedestrians due to low 
auditable of EV engine at low speeds.
• Complexity relationship with 
technology.
• Risk associated with stereotyping its 
application due to limited travel 
range. Historically EVs were deemed 
to be suitable for women (i.e. 
housewives and mothers) 
(U.K. Government, 2020).
• Uptake mainly motivated by 
Technophilia.
• Risks of low consumers’ tolerance 
of technical deficiencies for an 
emerging technology of EVs.

Opportunities for mutual shaping of the 
technology as well as the society through 
technology infusion and technology 
diffusion

Environment • Environmental consciousness 
concern over the sustainability of the 
fuel.

Sustainable charging fuel (through 
renewable-assisted charging stations)

Legal Modest uptake makes it difficult to 
anticipate various legal aspects of the 
technology (socially, environmentally 
and economically)

Avenues for the UK to lead and pioneer 
in the legislations of sustainable societies

38 Social Acceptance and Societal Readiness to EVs
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38.3.2  Data and Quality Control

The survey data was gathered from 69 participants based in the city of Leeds and the 
data were checked for anomalies. Participants were encouraged to give their honest 
opinions through open-ended follow-up questions that promoted the participants to 
share their thoughts, to further explore the public’s attitude towards EVs and electric 
vehicle charging infrastructure. The questionnaire was designed to be simple, 
included minimal technical information and did not include vague questions.

38.4  Results and Analysis

To explore current perception of the energy sources implored to supply charging 
stations, a survey was designed and distributed. The educational level composition 
is shown in Fig. 38.1.

As expected, all participants seem to be aware of the impact of carbon emissions. 
In fact, more than two-thirds of the participants are in favour of the 2050 ban of 
internal combustion engine vehicles. Evidently, there seems to be great correlation 
between the participants’ educational background and appreciation of the signifi-
cance of the matter. Whereas two-thirds of the population is made up of participants 
with postgraduate qualifications, the remaining minority is claimed by participants 
of primary level of education. Interestingly, more than two-thirds of the participants 
acknowledge the role of electrifying transportation to reduce the levels of carbon 
emissions. In relation to the latter, it was also seen that when the participants were 
asked if usage of EVs could reduce carbon emissions, about a third of the popula-
tion seem to be hesitant or rather uncertain about that. In relation to the latter, it was 
also seen that when the participants were asked if usage of EVs could reduce carbon 
emissions, whereas a third of the population seem to be hesitant or rather uncertain, 
a fifth of the responders (i.e. 7%) are in strong disagreement. Figure 38.2 illustrates 
the percentages of the responses to the role of electrifications in emission reduction 
categorised in terms of educational background.

Fig. 38.1 Educational 
level composition of the 
data sample
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Having established the participants’ attitude towards electrification of transpor-
tation, the participants’ interest in purchasing an electric car was further investi-
gated. In response to that, around half of the participants showed interest in investing 
in EVs. As well as being perceived as better alternative to conventional cars (48.7%) 
and zero-emission contributions (33.3%), the large population of the participants 
are motivated by the fact that electricity is cheaper than fossil fuel (3%), potential 
for automation (5%) and better tax benefits (3%). Figure 38.3 indicates in percent-
ages the factors that discourage them from buying an electric car. Table 38.2 further 
analyses the responses of the third majority in Fig. 38.3.

The carbon emitting nature of EV fuels (i.e. fossil fuel-generated electricity) 
seems to be a great discouraging factor. Of the one-quarter population of partici-
pants who claimed to be less likely to buy an EV, a third were discouraged by the 
fact that that EVs are charged with partially fossil-fuelled energy sources. Among 
the other factors, concerns about the charging times, frequency of charging, EV 
range and cost of EVs seem to influence the modest uptake. In relation to that, 
around 20% of the participants who are not willing to invest in EVs claim to prefer 
conventional cars over EV mainly being deterred by their market cost.

Having established an insight into the understanding and appreciation of the con-
cept of electrification of transportation, the survey further examines the response to 
the technology with enhanced sustainability. In that regard, the participants were 
asked if renewable-powered EV charging stations would influence their attitude 
towards EVs. Moreover, more than four-fifths of the participants agreed that 

Fig. 38.2 Evaluation of the participants’ acknowledgement of the role of EVs in reducing emis-
sions. (a) Educational background of participants in agreement, (b) educational background of 
participants who were not sure, (c) educational background of participants in disagreement
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sustainable EV fuel would positively impact their attitude towards the uptake of EV, 
and results are shown in Fig. 38.4.

It is evident that the great majority (more than four-fifths of participants) appreci-
ate the role of EVs in emission reduction and the usage of EVs clearly; however, this 
needs to be supported by informing the public about the portfolio of energy being 
used to power their charging stations. Distributed renewably powered off-grid 
charging stations are a direct solution for this as the power generation methodology 
can be clearly seen by the public. Meanwhile, a minority of 12% responded by con-
ditions for their attitude change which revolved around increasing EV mileage and 
reducing their environmental impact which hints at a possibility of misinformation 
in the public perception of EVs. The results of this question have no correlation to 
educational background of the sample used, meaning the effect can be and will be 
seen across all backgrounds. In addition, the shift in answers from a two-third 
majority in favour of EV usage to over 80% as seen in Fig. 38.4 shows a substantial 
positive shift in attitude towards using EVs.

EVs provide an opportunity for automation using self-driving cars which is not a 
tangible possibility for conventional engine cars in addition to their ability to be 
charged from homes. This can be used to supplement distancing measures in 
response to the COVID-19 pandemic. Participants’ appreciation of the matter was 
examined. Majority of over 60% agreed that the comfort of charging from home 
makes EV usage a safer option.

Further, the participants were invited to share their views on the role of auto-
mated EVs in supporting local communities in health crisis such the current crisis 
imposed by the breakdown of the novel virus, and results are indicated in Fig. 38.5. 
In that regard, the most majority (two-thirds) acknowledged the role of EV automa-
tion in supporting communities. The latter is accredited to the nature automation to 
do with the lack of human intervention. This indeed indicates that public opinion on 
EVs can be further examined through sustainability educations (i.e. environmental, 
socioeconomic benefits). A third disagreed however with mixed educational back-
ground levels matching the sample composition, so there was no direct correlation 
between these factors. About a tenth claim that EV could be safer based on condi-
tions tabulated in Table 38.3.

Fig. 38.3 Proportion of participants that are less likely to invest in an electric car

K. K. A. Mohamed et al.
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Fig. 38.4 Evaluations of 
responders’ attitude to EV 
if powered through 
renewable-assisted 
charging stations

Fig. 38.5 Sample 
response to automation 
technology as a percentage, 
in answer to the question 
‘Could automated EV 
technology support local 
communities in health 
crises?’

Table 38.3 Analysis of the responses that participants claim to condition the safety of EV in 
controlling the spread of the coronavirus

EV as sustainable 
alternative

Interest in 
buying an 
EV Comments (EV automation might work if…)

Agree (fuel 
sustainability)

Very 
unlikely

Control systems are foolproof and fail safe

Agree (life cycle 
of EVs)

Very 
unlikely

As a replacement transport service and for remote delivery of 
medicines, food and to collect specimens or swap physical 
objects (meals, fruits, vegetables etc.) between neighbours – In 
and out of health crisis

Agree Very likely If there are accessible places to charge the EV
Agree 
(concernsover 
cost)

Very 
unlikely

Self-driving EVs? They could be useful for home deliveries ... 
They would need autonomous pick-and-place robotics to 
remove each customer’s goods and deposit them outside their 
home

Agree Very likely I do not think the level of automation needed, which isn’t 
already in place, would have an impact in the timeframe 
needed

Agree Likely Local businesses receive help to modernise (i.e. petrol 
stations)

K. K. A. Mohamed et al.
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38.5  Discussion

38.5.1  Implications

The context of the survey was to pin down public opinion by extrapolating from a 
moderate sample size. Overall, the public appears to have a moderately informed 
opinion and positive stance towards reducing emissions contributed by the transport 
sector, but the motivation seems to vary. There is a clear evidence of the public sup-
port to a sustainable shifting from fossil-fuelled vehicles towards EVs.

Sceptics over the introduction of EVs originated by concerns over its cost, which 
is predicted to drop as the technology matures. EV range seems to stimulate discus-
sions over the viability of the technology. The latter is an issue that is closely tied to 
cost-effectiveness of existing long-range EVs. Interestingly, participants that are not 
certain about the role of EVs in emission reduction seem to be from groups with no 
higher education experience, which implies simply a lack of public information on 
the topic.

Overall, EVs are perceived as a better alternative to conventional cars due to their 
technical specifications and potential for automation. Considering contact restric-
tion imposed by the breakout of the novel COVID-19 pandemic, the latter seems to 
be most favourable with the majority proportion of participants interested in opting 
in and supporting the technology. The introduction of renewable powered-assisted 
EV charging station seems to have sparked great interest in the uptake of EVs.

Post-COVID-19 carbon savings made by reduced transportation activities are at 
great threat (U.K. Government, 2020). That is because the constraints of the ‘new 
normal’ lifestyle imposed by the social distancing restrictions to stop the spread of 
coronavirus have seen an increase in the use of personal cars over public transport. 
Electrifying the transportation system (EV, e-bikes, e-scoters) could provide a 
responsible and sustainable transport alternative (Budd & Ison, 2020).

38.5.2  Recommendations

Evidently, the sustainability of EV technologies (i.e. fuel, batteries) will continue to 
pose great challenges in simulating interest and accelerating the acceptance of such 
technological shift. This necessitates the need for better communication channels to 
communicate the implications of the technological advancement to the public. As 
well as educating the public, public engagement will also introduce a sense of 
acknowledgement, which would in turn motivate the uptake of the technology. The 
following recommendations are equally pointed at policymakers at different levels 
(e.g. from city level to national level) and educational institutes:

 1. Increased public awareness of the benefits of revolutionising the energy sector 
through energy diversification and its impact on greening of transportation.

38 Social Acceptance and Societal Readiness to EVs
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 2. Enhanced public understanding of potential health and safety benefits that is to 
be made possible by advancement of EV technology to help eradicate negative 
stereotypes on EVs.

 3. Improved visibility of charging infrastructure through city-level public channels.
 4. As well as environmental benefits, improved public knowledge of potential ave-

nues for economic growth through widespread adoption of the technology.

38.5.3  Further Research

For the research to provide tangible insight into public attitude, a bigger sample size 
must be used. This would make the use of data extrapolation methods viable. In this 
study, the small sample size meant that using statistical techniques (e.g. standard 
deviation for correlation analysis) runs the risk of exaggeration of trends. Further 
work should use a bigger distribution infrastructure with the use of more grouping 
questions to differentiate more demographics based on both societal and economi-
cal basis, which could help to provide precise data for policymakers. Finally, adopt-
ing an incentivised approach to the dissemination of future surveys could encourage 
more participation from members of the public.

38.6  Conclusion

By and large, the output of the survey showed great public appreciation of the role 
EVs can play in reducing emissions, with nearly two-thirds of the participants in 
favour of the sustainable alternative. Evidently, participants are more likely to opt-in 
for the technology if the charging power is generated through means of renewable 
energy sources.

Considering the automation potential of EVs and light of the current social con-
tact restrictions introduced by COVID-19, participants acknowledged the potential 
for automated EVs to support local communities during public health crisis. In that 
regard, motivated by the need to reduce contact through social distancing measures, 
participants showed appreciations to the benefit EV offers in relation to home 
charging.

The outcomes of the survey highlight the importance of improving the sustain-
ability of the power supply for EV charging stations in order to enhance the public 
perception of the technology and hence increase the uptake. In the interim, however, 
the reported results create an avenue for policymakers and regulating bodies to con-
sider planning the zero-emission transition for the sector.

K. K. A. Mohamed et al.
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Chapter 39
Transport and Waste: Killing Two Birds 
with One Stone—The Sustainable Energy

Hina Akram, Shoaib Hussain, and Talib E. Butt

39.1  Introduction

The notion that any human activity should be sustainable probably has been accepted 
as a basic premise, though this realization should have been much faster than it has 
been. Among the various factors influencing the environment of our planet, expo-
nential increase in human population has always been at the top of the tiers. Two of 
the main anthropogenic influences are transport and waste. Among several energy- 
consuming sectors, the transport is the prominent one. Energy consumption for both 
travel and freight movement has rapidly been growing. It is estimated that transpor-
tation energy consumption would increase by nearly 40% between 2018 and 2050. 
Thereby, this sector is placing considerably an additional strain on fossil fuel 
reserves (García-Olivares et al., 2018). On the other hand, the production of munici-
pal solid waste (MSW) – constituted as quotidian waste – and commercial waste 
(CW) is continuously on the rise as areas become more industrialized and urban-
ized. It was estimated that the average annual global waste produced in 2012 was 
1.3 billion tons and is predicted to still increase by almost 60%, i.e., 2.2 billion by 
2025 (Hoornweg & Bhada-Tata, 2012). Therefore, waste-to-energy can be a sus-
tainable waste management option by employing incineration technologies.
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From the above description regarding transport and waste, it can be seen that the 
energy is a common denominator; however, the former requires the energy to oper-
ate, while the latter would yield energy if incinerated. Thus, the output of energy in 
waste incineration can be channeled in transport sector, thus killing two birds (trans-
port and waste) with one stone (energy). The coupling of the two sectors (i.e., trans-
port and waste) via energy is what this study focuses on. However, no evidence has 
been found in the review of literature regarding the idea of tying the two sectors 
(waste and transport) together via the thread of energy. It is also necessary to estab-
lish the pragmatism of this venture in various modes of the transport, that is, in 
transport sectors, modes are classified into land, air, and water. This study aims to 
outline the potential to employ waste-to-energy option to run transport sector.

39.2  Transport

Transport modes are essential components of transport systems since they are the 
means by which mobility is supported. Modes can be grouped into three broad cat-
egories based on the medium they exploit: land, water, and air (Fig. 39.1). Each 
mode has its own requirements and features and is adapted to serve the specific 
demands of freight and passenger traffic (United States Department of the 
Interior, 2006).

Land transportation involves moving passengers and freight with vehicles over a 
prepared surface and further expands into roadways and railways. Air transportation 
is the movement of passengers and freight by any conveyance that can sustain con-
trolled flight. Water transportation concerns the movement of passengers and freight 
over water masses, from oceans to rivers (Rodrigue, 2020a, 2020b).
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39.3  Waste and Energy

Around the world, waste generation rates are rising. In 2016, the worlds’ cities gen-
erated 2.01 billion tons of solid waste, amounting to a footprint of 0.74 kilograms 
per person per day. As of 2018, around 20.01 bn metric tons of municipal solid 
waste was produced every year (World Bank, 2018). The 1.3 billion tons of waste 
produced per year is continuing to rise with the increase of the global population. It 
is presented in Fig. 39.2 that most of waste residing on our planet is being generated 
from Asian and European regions of the world. Central Asia, South and East Asia, 
Europe, and Pacific regions are the main contributors of the waste generated around 
the world (World Bank, 2018).

The majority of all types of refuse is still disposed of to landfill, regardless of 
whether the waste can be reused or not (Bovea & Powell, 2016). In addition to this, 
the method disregards the potential to harness the remaining potential energy within 
the litter, and so the rate of resource depletion will be increasing as we continue to 
extract energy from new reserves of nonrenewables, despite being equipped with an 
array of materials that can be used in energy recovery. By waste-to-energy practice 
in incinerators, the life of global fuel reserves could be prolonged (Cohen-Rosenthal 
& Musnikow, 2017). To the face of this potential, Fig. 39.3 shows that the primary 
source of energy is abstracted from nonrenewables, in particular coal, oil, and gas – 
all three are fossil fuels. Figure 39.3 also reflects the high-level worldwide depen-
dency on unsustainable fuels.

Fig. 39.2 Regional waste generation (Source: World Bank, 2018)
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39.4  Innovative Insights

Due to escalating demand of energy in transport sector, switching transport to 
renewable energy systems has become a priority, for both passenger and freight 
transport. This means a substitute for energy generation is required to reduce the 
strain on fossil fuel. On the other hand, elevation in the quantity of waste due to 
ever-increasing commodities will result in an increase in landfilling, as the majority 
of municipal solid waste (MSW) and commercial waste (CW) is not currently 
reprocessed effectively. However, it may be possible to use waste more sustainably 
by employing waste-to-energy option directly into maritime transport (Fig. 39.4).

Unlike fossil fuels and other mainstream energy sources, the calorific values of 
MSW and commercial waste tend to be lower, yet their accessibility is what makes 
them desirable in this context. MSW consists of the typical domestic waste pro-
duced in a household environment, such as paper, plastic, cardboard, food, etc. 
(Hoornweg & Bhada-Tata, 2012). All materials possess a calorific value (CV) which 
equates to the amount of energy released from a set amount of the said material after 
complete combustion (Lupa et al., 2011). Typical MSW’s net CVs range from 4 to 
35 MJ/kg from organic materials to certain plastics (World Energy Council [WEC], 
2016). Although these values are lower than that of fossil fuels, they can still be 
beneficial in partially powering systems on a maritime, such as heating arrange-
ments, lighting, and domestic electrical outlets. The idea behind targeting the mari-
time transport is that the incinerator requirement for waste incineration is so large in 
size (Figs.  39.5 and 39.6 show an example) that only gigantic maritime vessels 
would be able to accommodate it.

The production of waste is continuous; thus, the source of it will be plentiful. 
This would also reduce energy wastage due to line losses because the energy 

Fig. 39.3 Graph showing the top five energy consumers by region, and proportion of energy 
sources used (International Energy Agency, 2017)

H. Akram et al.



529

Energy

Waste Transport

Fig. 39.4 Van diagram of 
waste-to-energy and 
transport

Fig. 39.5 A typical incinerator

Turbo alternator

Electrical
Output
to Grid

Input

Steam to
turbines

Feeding
Unit

Bunker

Bioler Separation
of Particles

Lime

C

Stack
Bag house

filter
Ash and
metalsFiring

Grate

Separation of gases and vapor

Fig. 39.6 Schematic of waste incineration process

39 Transport and Waste: Killing Two Birds with One Stone—The Sustainable Energy



530

generated at the source through incineration of the waste on board of the vessels will 
be consumed within the vessels as oppose to terrestrial waste-to-energy scenario in 
which incinerator plants can be miles away from the city to which the energy would 
be supplied through grid and power line. In addition to generating energy for trans-
port, the process also reduces landfilling by reusing the waste that would be man-
aged in this way, and the strain placed on fossil fuel reserves could be mitigated by 
a small extent, depending on the volume and type of waste used. This technology 
can render it possible to look at waste products to partially fund certain sectors, 
particularly due to the increasingly excessive amount that is being produced globally.

39.5  Concluding Remarks

This paper considers two main sectors from the anthroposphere, which are transport 
and waste. Initially, the two sectors are individually discussed, in the context of 
energy. It is established that one sector can generate energy (i.e., waste) via incin-
eration and the other sector consumes energy (i.e., transport). This paper innova-
tively connects both sectors via energy being a common denominator. There are 
three basic modes of transport, i.e., land, air, and water. Though waste-to-energy on 
an onboard incinerator in transport is a juvenile concept, its practicality seems to be 
more feasible in maritime transport rather than the other two modes.

This conceptual research paves a path on a number of fronts. Some examples of 
which are as follows: numerical estimation models can be developed to establish the 
potential of unlocking the advantages of this innovative idea, at local, regional, 
national, continental, and international levels. Some technical studies may also be 
required in terms of typical, fossil fuel-driven power engines being replaced by 
waste incineration engines not only to propel the maritime vessels but also to oper-
ate the onboard built environment functions. In environmental sustainability con-
text, the carbon footprint control technologies such as carbon capture and storage 
(CCS) can be applied. This idea has a great potential to enhance environmental 
sustainability and contribute to SDGs and climate change agenda.

In summary, the idea of the amalgamation of the three sectors, i.e., transport 
waste and energy, has potential multidimensional benefits which can be reaped by 
further research.
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