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Foreword

Dear reader,
The high standard of living that we enjoy depends entirely on the quality and 

availability of natural resources. Driven by global population growth and increasing 
economic performance, mineral raw materials and fossil fuels are being extracted in 
ever greater quantities. The extraction of these resources has profound environmen-
tal impacts, such as the destruction of ecosystems and habitats as well as air, water 
and soil pollution.

For this reason, we pursue various measures for more efficient resource use and 
management, with the aim of keeping the negative effects of resource use within 
reasonable bounds. The overarching objective is a transition towards sustainabil-
ity—a resource-efficient, low-carbon economy, in which natural capital is protected 
and enhanced and the health and well-being of citizens is safeguarded.

Therefore, it is of utmost importance that all countries urgently adapt their econ-
omies by increasing resource efficiency, reducing resource consumption in absolute 
terms and abandoning resource-intensive consumption patterns in favour of 
resource-efficient lifestyles. The economical use of raw materials not only reduces 
pressures on the environment but also creates economic opportunities for individual 
companies and strengthens the economy as a whole.

The development of resource policy requires a skilful combination and bundling 
of different measures and instruments since there is no uniform policy approach that 
meets the different requirements. Rather, the respective objectives, action require-
ments, target groups and policy levels must be addressed using specific policy 
approaches.

Some aspects of sustainable resource use are, even in political circles, not well 
understood. To shed light on this critical topic and inform the ongoing political 
process, we have invited a wide range of relevant stakeholders from the fields of 
science, politics, business and technology to share their experiences and views on 
how to achieve the sustainable use of natural resources.

Because of the thematic diversity, it is not surprising that the contributions in this 
book describe a range of developments in resource efficiency, from incremental 
improvements to profound change and transformation. At the same time, all  political 
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levels are addressed: the authors consider global megatrends and comprehensive 
resource policies as well as regional and national efforts, such as the European 
Union’s Circular Economy Package and Germany’s Resource Efficiency 
Programme. In addition, the numerous practical cases detail best practice examples 
of resource use in urban and rural areas, manufacturing companies and private 
households. Of particular interest are unusual and innovative ways of thinking, such 
as contributions on the path to degrowth for a sustainable society or the husbandry 
of the finance system and natural resources.

This book is intended for anyone interested in the sustainable use of natural 
resources. It provides insights into awareness raising and policymaking and con-
tains references to practical developments that will accompany us on the path of 
transition towards a more sustainable society.

Thus, it is my hope that this book will attract a great deal of attention.
Regarding the production of this third Factor X book, I like to thank the teams 

responsible for the coordination and supervision, namely Mandy Hinzmann, Martin 
Hirschnitz-Garbers, Terri Kafyeke, Nick Evans and Stephen Bell from Ecologic 
Institute as managing editors; Krithika Radhakrishnan, Catalina Sava and Fritz 
Schmuhl from Springer; and Martina Eick who managed the process on the part of 
the German Environmental Agency. And of course I specially and warmly thank all 
the authors of the book.

President of the German Environment Agency Maria Krautzberger
Dessau/Berlin, Germany

Foreword
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Chapter 1
Factor X – 25 Years – “Factor X Concept”  
Is Essential for Achieving Sustainable 
Development

Harry Lehmann, Friedrich Schmidt-Bleek, and Christopher Manstein

Abstract A dematerialisation of industrialised countries by a Factor of 10 (minus 
90%) was first suggested 25 years ago in order to achieve sustainable economic 
development worldwide by 2050. The Factor 10 postulate was a response to two 
realities: first, anthropogenic material flows have increased dramatically since the 
first Industrial Revolution, and second, the richest countries consume significantly 
more natural resources per capita than the world’s poorest countries. Twenty-five 
years later these facts have not changed in principle, and a global per capita con-
sumption of three to eight tonnes of primary raw material must be reached in this 
century. Today the term “Factor X” is often used instead of “Factor 10”, because the 
necessary dematerialisation is different from country to country. Industrialised 
countries have higher targets. The article describes the beginning of the Factor X 
postulate in the early 1990s as well as developments thereafter and discusses today’s 
options and challenges for tomorrow.
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1.1  The Beginning – A Systemic Approach to “Earth Systems 
Policy”

The Rio Declaration on Environment and Development was signed by more than 
170 countries in 1992. “Recognizing the integral and interdependent nature of the 
Earth, our home”, the Declaration proclaims 27 principles of future sustainable 
development. In Principle 15 it is written: “In order to protect the environment, the 
precautionary approach shall be widely applied by States according to their capa-
bilities. Where there are threats of serious or irreversible damage, lack of full scien-
tific certainty shall not be used as a reason for postponing cost-effective measures to 
prevent environmental degradation.” In light of this it was clear that only a system-
atic approach and analysis of the “System Earth” could derive the adequate policies 
needed solve global ecological problems.

We live in an almost closed system called Earth. This system interacts with the 
rest of the proximate universe almost exclusively through the exchange of energy in 
the form of radiation. Thus, the Earth and its inhabitants are linked in a system of 
mutual dependence. From a human point of view, the Earth’s “survival” system 
consists of two domains—the anthroposphere and the biosphere. In the anthropo-
sphere, humans consume minerals, ores, water and air, burn energy carriers, harvest 
biomass, hunt and fish, thus creating “wealth” and waste at all levels. The biosphere 
is the domain in which flora and fauna seek to survive according to the rules of 
evolution and according to the given anthropogenic circumstances. The survival of 
human beings is dependent on both sub-systems.

Science today still knows very little about these sub-systems, and has hardly 
even begun to investigate some parts of them (e.g. the deep sea). However, one of 
the most researched aspects is the Earth’s climatic system. Massive expenditure on 
personnel and technology has been required to establish reliable prognoses of the 
future behaviour of the climatic system. Science has learned from these analyses 
that the biosphere and anthroposphere are extremely complex systems permanently 
undergoing reorganisation. The basic laws governing the behaviour of the sub- 
systems are nonlinear. Because of the predominantly nonlinear dynamics, these sys-
tems can behave chaotically and are subject to massive changes in a short time 
period as a result of seemingly minor causes. Nevertheless, science provides only 
limited information on the effects of human action, either regarding the intensity of 
the biosphere’s reaction or the time scales involved.

Today, the changing climatic system and global warming are the most discussed 
environmental concerns, but there are many other known problems, including radio-
active contamination, water pollution and use, air pollution, acid rain, land use, land 
soil destruction, degradation of land, chemical contamination, deforestation, waste 
deposition, the ozone hole, monocultures and destruction of biodiversity. Moreover, 
there is a high probability of numerous additional problems that we have still not 
realized even exist.

Even if in a “thought experiment” we could have a full understanding (“God’s 
view”) of both systems—of the flows in the bio- and anthroposphere, of all 
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 interactions, of the actual status of all parameters and last but not least a computer-
like ability to run such a complex model—this would still not be sufficient to make 
predictions about all the effects of human actions. The dominating nonlinear dynam-
ics and the ability of reorganisation will alter the system beyond what is predict-
able—our “God’s view” will become obsolete and the predictions of the future 
behaviour of the system derived from our all-knowing model will become 
inaccurate.

At this stage in history, and perhaps for all time to come, our actions must be 
guided by the recognition of how little we know about our planet’s “survival” sys-
tem and its susceptibility. As a precautionary measure, following Principle 15 in the 
Rio Declaration, we should therefore attempt to minimise anthropogenic effects on 
this system. We should strive to prevent as far as possible any negative conse-
quences, assuming that an undisturbed biosphere will continue to exist in a way 
humanity can survive and live in an agreeable manner. This precautionary principle 
must constitute the main guideline for all human activity if sustainable development 
is to be our primary aim.

To argue that somehow, we can “repair” the biosphere later is both, arrogant and 
irresponsible. First, this implies the assumption that we are capable of repairing a 
system which science has thus far failed to fully comprehend, and, secondly, it 
ignores the fact that such global effects as climate change are frankly phenomena, 
which are beyond “repair”.

Returning to the simple picture of the “System Earth”, the goal is to minimise the 
impact of humankind on the biosphere. Minimising anthropogenic effects on the 
biosphere entails a measurement of the consequences of human actions.

There are two types of interactions within this Earth’s survival system. First, one 
can gauge the effects of anthroposphere on the biosphere by investigating its “out-
puts”. This is done today with a lot of effort in climate change research, by looking 
at the effects of different types of agriculture on biodiversity or through an examina-
tion of the “riskless” limit of emissions of various types of chemicals. It is an impor-
tant and established mainstream method of ecological policymaking in the last 
decades.

There is an inherent limitation of such a policy approach. It can only take into 
consideration singular effects, i.e., those which are already known—or in some 
cases—suspected. The environmental policies of the last decades have been essen-
tially reparative, “re-active” policies. Once recognised as hazardous or toxic, sub-
stances were withdrawn from the market at considerable expense, filtered out of 
waste gases, incinerated as residues or prevented through costly process restructur-
ing. In most cases, the limit values set for such hazardous substances are oriented to 
human health. However, while the combatting of pollutants will remain an impor-
tant priority in the future, it is hardly possible to derive stable and generally appli-
cable principles for the ecological reform of industry from such substance-specific 
procedures.

Second, one can gauge the material flows into the anthroposphere and the use of 
land area and water by humankind. From an anthropogenic point of view, these are 
“inputs”. There are different indicators used in today’s discourse but the most 
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 common is a measure “resource productivity”. As long as indicators are linear and 
easy to apply they can be used to develop a proper policy.

There is not—and probably will never be—a model that adequately links link 
anthropogenic inputs and outputs. This is not least due to the fact that the anthropo-
sphere is highly complicated and the different sub-sectors of the anthroposphere are 
highly interactive. A highly theoretical approach is to measure the changes of 
entropy through the anthroposphere. Yet, aside from the fact that the majority of 
people will have trouble understanding such an indicator, there are principal theo-
retical problems with calculating real values.

“Size”: The biosphere needs undisturbed areas to live, to survive, to readjust, to 
move and evolve. In former times, the anthroposphere was small compared to the 
biosphere. The biosphere is finite—the anthroposphere has grown dramatically. 
Population growth and the industrial revolution have eaten up resources and led to 
exponential growth in the size of the anthroposphere leaving less and less room for 
the biosphere.

We must also measure the velocity of the impact. How fast are these changes in 
“input” and “output”? How fast do we change the composition of the sub-system 
(e.g. increasing the greenhouse gases in the atmosphere)? The biosphere can react, 
rearrange and try to find a new system state. In all these categories, humankind has 
intervened in System Earth, resulting in changes in operations, previous functions 
and services of the biosphere. Such changes can last for long periods and some are 
irreversible.

Based on the previous analysis and on the precautionary principle the “Factor 
X” concept was formulated in the beginning of the 1990s. The concept revolves 
around fundamental principles:

• respecting that all humans—within the current generation, across all continents 
and over the generations—have the same right to the fulfilment of basic needs 
and requirements;

• recognizing that humankind needs a functioning biosphere—with enough 
“space”.

To achieve this we must:

• significantly decrease the land use and the input into the anthroposphere;
• define limits of the anthroposphere; and
• develop a “new wealth” model (happiness, having access to services, “well- 

being” rather than “well-having”, i.e., owning artefacts).

1.2  How Big Is the X? – “An Eco Safety Factor”

During the early 1990s ecologically visible problems seemed to demand a reduction 
of environmental pressures by at least 50%. In a growing world, population and 
growing desires for prosperity—particularly in the developing countries—demands 
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a fivefold increase of economic output. Together these lead to the first X—the 
“Factor 10” as postulated by Friedrich Schmidt-Bleek (1992). Several authors ana-
lysed, discussed and worked out the idea of a Factor of 10, publicised in 1993 in the 
“Fresenius Environmental Bulletin” (Schmidt-Bleek et al. 1993).

The Factor 10 Club (1994) was met with considerable international recognition 
by representatives of business, policy and industry. The idea was that resource effi-
ciency goals of countries should be high enough to bring about a sufficient decou-
pling of resource use from human development. The goals must influence the rules 
of the economy and change lifestyles—the way we produce and consume goods and 
services (Schmidt-Bleek 1992, 1993; Lehmann and Schmidt-Bleek 1993).

In 1995, the authors of the book “Factor Four” (Weizsäcker et al. 1997), took a 
somewhat different approach. They looked at what was at hand in terms of technol-
ogy or at least easily conceivable across the board, including energy. Assessing the 
range of opportunities, they thought that an increase in resource/energy efficiency 
by a factor of two and a doubling of the generated wealth would be feasible in the 
foreseeable future.

Calculation with a modified “World3-91 Model” showed the necessity of higher 
factors to bring the system into dynamic equilibrium. This started a discussion as to 
whether a “Great Transformation” (absolute reduction of resource use levels) or a 
gradual approach (relative improvements in the resource productivity) was the right 
strategy (Fig. 1.1).

If we desire a sustainable level of raw material consumption and use, we must 
apply the precautionary principle. This means reducing raw material consumption 
wherever possible, making use of all productivity (efficiency) potentials and avoid-
ing rebound effects (boomerang effects). We arrive at the currently discussed 
 corridor of global per capita consumption between three and eight tonnes of pri-
mary raw material use (e.g. Bringezu 2015; UNEP 2016).

Fig. 1.1 International comparison between per capita raw material consumption (RMC) and the 
global average, 2011 (Source: Lutter et al. 2016)

1 Factor X – 25 Years – “Factor X Concept” Is Essential for Achieving Sustainable…
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This worldwide ecological sustainability goal allows the development of specific 
national, regional and sectorial reduction factors. Today the term “Factor X” is often 
used instead of “Factor 10”, because the necessary dematerialization is different 
from country to country. Industrialised countries have higher targets. Estimates 
indicate that such goals could—and must—be reached by the middle of this 
century.

1.3  Today’s Options – Rethink, Redesign, Refuse, Repair, 
Reduce, Remanufacture, Reuse, Remodel, Recycle, 
Recover and Increase the Lifetime of Products

In the last years, policymakers have recognised the necessity to react. One example 
is the recent declaration from the leaders of the G7 countries:

The protection and efficient use of natural resources is vital for sustainable development. 
We strive to improve resource efficiency, which we consider crucial for the competitiveness 
of industries, for economic growth and employment, and for the protection of the environ-
ment, climate and planet. Building on the ‘Kobe 3R Action Plan’, and on other existing 
initiatives, we will continue to take ambitious action to improve resource efficiency as part 
of broader strategies to promote sustainable materials management and material-cycle soci-
eties. (Leadersʼ Declaration G7 Summit, 7–8 June 2015, Schloß Elmau, Page 17 ff.)

Awareness is growing about the challenges as well as the necessary political, soci-
etal and business strategies. The number of good practice examples is growing all 
over the world. Since 2007 the “International Resource Panel” of UNEP has aimed 
to help nations to use natural resources sustainably without compromising eco-
nomic growth and human needs. Moreover, further policies exist on the interna-
tional, European, national (e.g. Germany and the German Resource Efficiency 
Program, ProgRess and ProgRess II (BMUB 2012, 2016)) regional and city level.

Science and engineers are increasingly working on the field of resource produc-
tivity and numerous standards and norms have been developed and formulated. 
NGOs like the “Factor X Club” conferences like the “World Resources Forum” or 
the “European Resources Forum” serve as neutral, international platforms for 
debate on global resource consumption issues, advocating innovation for resource 
productivity. Members of the business community are beginning to redesign their 
models and new business strategies are creating revenues from the quality of ser-
vices rather than by selling material products.

Detailed analysis of the actual status of Germany’s use of natural resources indi-
cate that we are not really decoupling and lowering the use of resources (Lutter et al. 
2016) (Fig. 1.2).

There are additional challenges such as the necessary transformation of the 
energy supply in Germany and the rest of the world into a fully renewable and 
 sustainable system. In this process, we must take into account the resources needed 
for the transformation and to run and maintain such a system (see the ongoing study 
by the German Environment Agency “Greenhouse Gas Neutral and Resource 
Efficient Germany”). Another challenge is the increasing need for housing and 
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infrastructure in some parts of the world. This will also require the use of resources 
like metals, cement, energy and many critical materials.

1.4  Tomorrow – Urgent Policy Mix for “System Earth”

Bearing all of this in mind, a comprehensive policy mix needs to be designed and 
implemented urgently. Future-oriented system-policies can no longer focus prefer-
entially—on curing individual symptoms stemming from systemic problems. 
System policies are as essential for measures designed to protect the environment as 
they are needed when attempting to seek improvements in pursuing social, eco-
nomic, financial/fiscal and institutional and health improvements.

Based on today’s current level of knowledge the following important and urgent 
actions are required:

• Minimize mobilisation and use of natural resources—maximize their 
productivity;

• Synthesise materials that can replace increasingly scarce natural materials;
• Change to materials that fit into natural material cycles after use;
• Minimise the use and release of toxic substances and radio-nuclides;
• Switch to an energy system based 100% on sustainable renewable resources;
• Stop the emissions of greenhouse gases.

A group of “first mover states” should define national, regional and sectorial 
goals, including time-lines, for decoupling and lowering the use of resources. These 
goals must then be periodically reviewed. There should also be an independent 
panel, tasked with proposing adapted policies.

Such a group of like-minded first movers can be the Group of 7, Group of 20 or 
a contingent of European countries. However, in the long run it must be the global 
community that commits to an international agreement or treaty on worldwide per- 
capita targets for natural resource extraction and consumption—somewhere between 
three and eight tonnes of primary raw material use.

Fig. 1.2 Development of per-capita raw material use in Germany using different indicators, 2000–
2010 (Source: Lutter et al. 2016)

1 Factor X – 25 Years – “Factor X Concept” Is Essential for Achieving Sustainable…
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1.4.1  Some Indispensable Elements of a Policy Mix Are

Changing the fiscal system: markets do not operate perfectly, market prices are 
wrong due to discounted externalities, relevant information is not available to the 
actors and innovation barriers exist. Adjusting the fiscal framework is therefore the 
most fundamental and urgent pre-requisite for approaching a sustainable future. 
Subsidies that increase the consumption of natural resources must be eliminated, 
and economic instruments should be deployed to facilitate a shift away from over-
heads on labour and towards taxing raw materials—which induces job creation and 
facilitate income redistributing to developing countries where many of the resources 
come from—and create new markets with tradable permits. Instead of applying 
value added taxation to final goods it may be more effective to tax natural resources 
at the point at which they are removed from nature or where they enter the industrial 
metabolism, i.e., the so called “material added tax”.

Minimising the use of resources should be prescribed by law. Resource conser-
vation legislation is still in its infancy owing to the extreme complexity and diversity 
of resource use and the traditionally medium oriented structure of environmental 
control legislation. To remedy this situation, a basic resource law needs to encom-
pass the entire supply chain, just as resource protection itself does. The interlocking 
nature of resource conservation also means that laws in this domain need to address 
not only environmental regulations, but also a whole host of other legal domains 
(see the work of the German Environmental Agency on a “Resource Protection 
Law”; Alsleben et al. 2013).

We must significantly decrease the land take for settlements and transport infra-
structures as well as for mining sites. “Land take” means the transformation of 
agricultural land, forests or still quite natural areas into artificial surfaces where soil 
is degraded by compression, sealing or complete destruction (this was already dis-
cussed in the nineties – e.g. Lehmann et al. 1995).

In the German National Sustainability Strategy, Federal Government set a goal 
to reduce land take for settlements and transport infrastructures to 30 hectares a day 
by the year 2020. Actually in the year 2015, daily land take in Germany still amounts 
to 61 hectares. Despite of a considerable reduction of land take, due to demographic 
change and many minor steps of different policies, we are still far from reaching the 
30 hectares goal. As the enlargement of infrastructures and settlements swallows 
high amounts of material and energy during construction and also causes high 
inputs of materials and energy for heating, cooling and illumination as well as for 
maintenance during their whole lifetime. Reducing land take is crucial for future 
resource efficiency. The German Climate Protection Plan even states that by 2050 
land take should be replaced completely by the recycling of already degraded land.

Also, the Sustainable Development Goals (SDGs) of the United Nations declare 
in Target 15.3 that we should set course, by 2030, to a degradation neutral world 
(“By 2030 …. Strive to achieve a degradation neutral world”). Spatial planning and 
mining law offer considerable potential for greater integration of resource conserva-
tion goals and in their implementation these laws could help ensure that resources 
and raw materials are used more efficiently (see the UBA position paper 

H. Lehmann et al.
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“Environmentally sustainable use of the subsurface and resource conservation”, 
Penn-Bressel et al. 2014).

Other instruments and measures should be considered as well, such as informa-
tion and coordination instruments and command and control mechanisms (e.g. 
adoption of standards). Legal frameworks should introduce and enforce a common 
material productivity indicator (label) for all goods and services and initiate a sys-
tematic R&D program for gaining information on all ecological, social and eco-
nomic issues related to natural resources. Moreover, a public information and data 
centre on all issues related to natural resources should be established.

1.4.2  Happiness, a New Leitmotif

The consumption of goods has become equated with prosperity, and therefore repre-
sents a potent leitmotif for prosperity—for well-“having”—for many members of our 
society. But is this really “prosperity”? It certainly is, in the sense of having or pos-
sessing and in the sense of being able to demonstrate one’s social rank and status.

But consumption does not necessarily mean prosperity in the sense of well-
“being”—which includes intangible elements such as having time for oneself and 
experiencing the true joys of life. Prosperity in its widest sense means occupation, 
education, health, security (social and political), the absence of violence, informa-
tion, liberalness, communication, free time, equal rights for all, the rule of law and 
environmental quality. Non-material thing, like the enjoyment of intact natural sur-
roundings or the development of one’s own personality, will once again rank higher 
than the possession and consumption of material, tangible goods like, e.g., a car.

For this reason, the path towards a viable future society involves leasing and rent-
ing goods, as opposed to owning them; recycling and the efficient use of resources 
to produce material goods and energy, as opposed to unbridled growth in consump-
tion. These will hopefully become more and more established as a new leitmotif for 
the majority of society. To this end, modern and traditional knowledge, ethical val-
ues, wisdom and spirituality should inspire us to answer the question: “How much 
is enough?”

Disclaimer This paper does not necessarily reflect the opinion or the policies of the German 
Federal Environment Agency.
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Chapter 2
Necessities for a Resource Efficient Europe

Leida Rijnhout, Magda Stoczkiewicz, and Meadhbh Bolger

Abstract In this article, the authors list some of the main challenges that need to be 
overcome in order to make the transition to a Europe founded on resource justice, 
arguing that it is important to move beyond focusing solely on resource efficiency 
to a focus on reducing absolute resource use. Despite increased awareness about the 
importance of protecting the environment, mainstream economic theory and prac-
tice, as well as mainstream politics and governance, still fails to consider environ-
mental costs; Europe’s absolute resource use remains one of the highest globally 
and it continues to use more than its fair share of resources. Europe is highly depen-
dent on imported resources causing significant negative impacts in third countries, 
including the Global South. To address this, the authors argue that it is essential to 
measure and monitor all the resources embodied in a product throughout its full 
life-cycle, from extraction to consumption taking a consumption-based, or foot-
print, approach. The authors show how the EU’s Resource Efficiency Roadmap, 7th 
Environmental Action Plan and Circular Economy Package do not sufficiently 
reflect the justice aspects of resource use or ensure coherence with other policies. 
They highlight levels which need to be addressed for resource justice agenda includ-
ing governance, financial tools and structures, social innovation and behaviour 
change, alternative business models as well as legal and regulatory frameworks. The 
authors argue that the 2030 Sustainable Development Agenda should be taken as 
overall framework to support more coherent policymaking. Finally, they argue that 
we should move beyond ‘resource efficiency’ to ‘resource sufficiency’, and fit our 
economies into “one-planet-lifestyles”.
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Anyone who believes that exponential growth can go on forever 
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2.1  Introduction

Climate change, wars over water, premature deaths caused by air pollution; it is now 
impossible to ignore the environmental and social costs of our production and con-
sumption patterns.

During the 1970s, a general awareness of the necessity to protect our environment 
and to manage and maintain our natural resources for future generations began to 
arise. Publications such as the Limits to Growth (Meadows et al. 1972), Factor 4 
(Lovins et  al. 1998) and Small is Beautiful (Schumacher 1974) became essential 
reading for concerned students and journalists. Nevertheless, this never broke through 
to mainstream economic theory and practice; especially not in the ivory towers of the 
economics departments at Universities, governments and business schools.

It is remarkable that mainstream economic theory and practice still fails to inte-
grate environmental costs. It is a scientific fact that both natural resources and the 
absorption capacity of environmental damage are limited, and to not consider this in 
economic modelling is undoubtedly irresponsible. The global economic system 
remains organised in a way that ignores the “polluter pays” principle, with a pricing 
system that does not reflect the true costs of products on the market.

On a global scale, there are striking figures relating to the exponential growth in 
consumption of natural resources in the twentieth century (Fig.  2.1), including 
increases in fossil fuel extraction by a factor of 12, ores and minerals by a factor of 
27 and construction materials by a factor of 34 – whilst the population only grew by 
a factor of 3.7 (Krausmann et al. 2009). The world’s richest countries are consum-
ing, on average, 10 times as many materials as the poorest countries (UNEP 2016a). 

Fig. 2.1 Global material extraction by resource type and GDP (1990–2009) (Source: European 
Commission 2016a)

L. Rijnhout et al.
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It is clear the world is consuming beyond what the planet can sustain – but what is 
Europe’s share in this?

Europe has historically been dependent on resources from the Global South, and 
the pattern continues today: the flow of natural resources is much greater from 
South to North than vice-versa. When talking about natural resources, we are not 
only speaking of minerals and fossil fuels, but also about water, land and forests. We 
live in an extractive and globalised economy, where most countries considered well 
developed in economic terms, including the majority of European countries, rely 
heavily on resources from third countries, including the Global South. This is far 
from sustainable, but also unjust, as we are blocking development opportunities of 
communities in the Global South who need resources for their own development 
needs.

Despite using resources more efficiently, over the past few decades Europe’s 
consumption of raw materials has increased in absolute terms (EEA 2012) (this 
trend has only recently been interrupted by the economic downturn, but is likely to 
resume unless action is taken). Europe is still one of the highest consuming conti-
nents on the globe and we continue to consume more than our fair share (EEA 
2015). In 2010, we had an annual per capita material footprint of 20 tonnes, second 
only to the United States. By comparison, Africa’s footprint was below 3 tonnes per 
capita (UNEP 2016a). Our absolute rise in resource use, despite increases in pro-
ductivity and efficiency, is also evidence of the so called “rebound effect” in action 
and should serve as a warning that focusing on resource efficiency and technologi-
cal innovation alone might be insufficient.

2.2  Europe’s Share

Europe is highly dependent on imported natural resources for our economic activi-
ties (EEA 2015). In 2014, the EU imported over 50% of its energy, with four 
Member States importing over 80% (Eurostat 2016a). According to the most recent 
data, 40% of the EU land footprint for agricultural products comes from regions 
outside the EU (Fig. 2.2), increasing to 65% for non-food cropland (FoEE 2016). 
The picture is the same for raw materials: the EU is highly dependent on imports of 
many metal ores and natural rubber, and imports nearly 100% of numerous materi-
als including cobalt, tin, iron, bauxite (aluminium) and rare earth elements (European 
Commission 2016a).

This makes the European economy vulnerable to price fluctuations and increases, 
− around 40% of European manufacturers’ costs are for resources (Greenovate! 
Europe 2012) – but it is also simply a matter of injustice. We are exporting negative 
impacts of products consumed in Europe. This includes social impacts such as land 
grabbing in the Global South in the rush to grow large plantations to supply palm oil 
to the European market, and environmental impacts such as water stresses in many 
villages in – for instance – Peru because of the production of asparagus for European 
consumption.

2 Necessities for a Resource Efficient Europe



16

A lot of attention in the EU is currently focused on improving the recycling and 
re-use of materials. This is indeed vital, given that over 50% of municipal waste 
continues to be landfilled and incinerated in Europe (Eurostat 2016b). However, at 
the same time, it is not the answer to our overconsumption crisis. Demand for raw 
materials outweighs the volume of recycled or reused materials available on the 
market (European Commission 2016a). Much of the problem indeed relates to tech-
nical limitations in recycling and reuse due to the current design of products and the 
types and combinations of materials used. However, studies also show that even if 

Fig. 2.2 The EU land footprint (Source: FoEE 2016; Lindsay Noble design)

L. Rijnhout et al.
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we could recycle 100% of our waste, our high consumption rates mean that the 
demand for virgin resources would remain high and primary extraction would 
remain necessary. A good example is aluminium – despite high rates of recycling 
(62% to 95%), our demand is so great that it cannot be met by recycling alone – 
recycled aluminium supplied only 35% of consumption in Europe in 2008, creating 
a continuous demand for the virgin resource (Chapman et al. 2013).

All this points to the need to prioritise an absolute reduction in our consumption of 
resources, and the first step is to measure the resources we consume. In order to 
account for all resources embodied throughout the full life-cycle of products from 
extraction to consumption (including of imported products), measurement must take 
a consumption-based, or footprint, approach. A comprehensive set of resource foot-
prints have developed by researchers in the past decade (SERI 2009), and have gained 
the support of the EU (European Union 2011, EREP 2014, European Commission 
2013, European Parliament 2015) and UNEP (UNEP 2016b), although they have not 
yet been made into policy. This set of four indicators covers the core resource input 
categories of materials, water and land area and the output category of carbon emis-
sions. In a recent analysis of these four footprints (Table 2.1), Tukker et al. (2016) state 
that Europe is the only region in the world where the carbon, water, land and material 
footprints are all higher than the territorial emissions and resource extraction.

2.2.1  Measuring Our Consumption: Key for Decision Making

Land, carbon, water and material footprints should be a central part of all policy 
impact assessments and part of an overarching EU framework on sustainable 
resource management. Currently, impact assessments, which are carried out by the 
European Commission on legislative proposals, often allow short-term economic 
considerations to trump longer-term environmental and social issues. There is a 
worrying trend, pushed by big business lobbies, towards entrenching this bias fur-
ther. Rather than allowing impact assessments to become a tool for narrow, short- 
termist economic considerations, they should inform decision-makers about 
Europe’s resource consumption, how this is likely to be affected in future, and con-
sequently, how dependent the EU is becoming on the availability and affordability 
of resources. Incorporating the four footprints into impact assessments will help to 
do this, and ensure that unintended negative consequences with regards to other 
resources are avoided. For example, the process that began in 2003 with the first 
directive setting EU biofuels targets solely on a carbon basis meant that associated 
increasing land use was not considered, creating unintended impacts that under-
mined the targets’ efficacy. To avoid similar pitfalls, all policies related to the use of 
resources must include an assessment of the impacts on the EU’s material, land, 
water and carbon footprints.

Member States need to start measuring their resource efficiency and levels of 
resource consumption, including through the four footprints, to be able to introduce 
policies that improve the current situation. Monitoring progress via the European 

2 Necessities for a Resource Efficient Europe
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Semester – which is currently overwhelmingly oriented on classic macro-economic 
considerations – would begin to provide a better overview of Europe’s progress on 
resource use. The European Semester is the yearly cycle of coordination of eco-
nomic and budgetary policies at EU level, and a tool to implement the broader 
Europe 2020 Strategy for “smart, sustainable and inclusive growth”. It begins with 
the Commission’s Annual Growth Survey, which together with the Commission’s 
country specific recommendations, generally incorporates environmental goals in a 
very limited way, and mainly where they are seen to facilitate growth, economic or 
labour market recovery, rather than wider goals set out by Europe 2020, such as 
resource efficiency. The environmental issues covered mainly relate to climate and 
energy, while issues like biodiversity, water and waste management are side-lined or 
absent. The narrow focus of the European Semester must be broadened and adapted 
to fully align with the 2030 Agenda for Sustainable Development.

2.2.2  What Is the European Commission Doing?

In 2011, the European Commission’s Roadmap to a Resource Efficient Europe 
(European Union 2011) put forward a vision of a European economy, which by 
2050 “has grown in a way that respects resource constraints and planetary boundar-
ies, […] is competitive, inclusive and provides a high standard of living with much 
lower environmental impacts.”

While the Roadmap set up a clear vision, there are numerous problems with it 
and its implementation – it does not recognise the justice aspect nor the fact the EU 
has for a long time been using more resources than its fair share and at the expense 
of countries in the Global South, and despite being much needed, there is no strat-
egy for the EU to develop a single robust resource use policy and ensure coherence 
with other policies across the board. Where current European policies and initiatives 
on resource use and efficiency are present, they are fragmented and split across dif-
ferent departments, lacking shared goals, visions and actions. This is a real concern 
in a world of limited resources, with rising resource based conflicts, increasing 
waste production and environmental impacts linked to our production and con-
sumption system.

On its current trajectory, can the EU deliver the necessary transformational 
change in time? Taking a look at the policy proposals currently on the table and 
Commission priorities for 2017 (European Union 2016), serious doubts are legitimate. 
More drastic changes are needed to ensure better measurement and management 
of the resources we use and to remain within a safe planetary operating space. 
Even relatively progressive potential actions for the coming years, including 
improvements to waste legislation, expanding the scope of the Eco-design Directive 
and investigating the sourcing of more raw materials from within Europe, fall far 
short of delivering the transformational change needed.

The Roadmap is not perfect, but it was a start. In this document the Commission 
launched a process of developing the four footprint indicators, with an additional 

2 Necessities for a Resource Efficient Europe
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provisional lead indicator for resource productivity (the effectiveness of which is 
debatable). Among others, there were important points on the need to address mar-
kets and prices, taxes and subsidies that do not reflect the real costs of resource use 
and lock the economy into an unsustainable path, and on land – that by 2020, EU 
policies take into account their direct and indirect impact on land use in the EU and 
globally.

However, since its launch there has been little progress on the initiatives. In vital 
areas such as on indicators to measure the resources we use, there has been no prog-
ress – the original Roadmap promised to continue to develop these indicators to 
become fully consumption-based, yet we have seen none fully developed. For 
example, material consumption is still being measured by domestic material con-
sumption (DMC), which gives a distorted view as it only takes into account the final 
weight of physical products imported, not the total embodied weight that goes into 
all the materials used to produce them; and land consumption is measured by land 
take within the EU, ignoring the fact that we rely on large amounts of land outside 
the EU to satisfy our consumption.

Besides the Roadmap, the 7th Environment Action Programme (7th EAP), 
‘Living well, within the limits of our planet’, entered into force in 2014 as a guide 
for European environment policy until 2020 (European Commission 2013). On the 
surface, it has an impressive long-term vision, including that nothing is wasted, 
natural resources are managed sustainably, and biodiversity is protected, valued and 
restored in ways that enhance society’s resilience. In regard to resource use and 
efficiency, the Programme states that the EU should set a framework for action to 
improve resource efficiency including targets for reducing the overall lifecycle envi-
ronmental impact of consumption, in particular in the food, housing and mobility 
sectors, and indicators and targets for land, water, material and carbon footprints 
with methodologies to measure these to be developed by 2015. However, none of 
these actions have been followed through in a meaningful way.

The 7th EAP also contains objectives on the better integration of environmental 
concerns into other policy areas, to ensure coherence when creating new policy and 
to maximise the benefits of the EU’s environment legislation by improving imple-
mentation. However, between empty promises on initiatives, drops, delays and frag-
mented policies, these objectives need significant work to deliver change.

Currently, the main focus within EU policy related to resource use is the Circular 
Economy Package (European Commission 2015a), a set of legislative and non- 
legislative measures on cutting waste and resource use, which was taken forward 
from the Roadmap. It was first launched in mid-2014, but later that year the incom-
ing Commission scrapped the package with a promise to update and retable it in 
2015 – despite the original package having support in the European Parliament and 
European Council. The re-tabled Package was published in December 2015. It 
includes proposals on changes to four EU Directives on waste as well a new action 
plan of 54 initiatives (European Commission 2015b).

One of the biggest downfalls of the current package is its absence of a resource 
efficiency target and other overarching legislative tools and policies. Many initia-
tives are focused on social and technological innovation instead of addressing the 
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root problems in our system of production and consumption. Circularity does not in 
itself deal with the fact that we are, collectively, living beyond our planetary bound-
aries. Furthermore, many of the actions are being delayed and weakened. For exam-
ple, the action plan committed to use the Eco-design Directive to make products 
more readily recyclable, repairable and reusable, yet it is likely that popular house-
hold items such as toasters and hair dryers will be excluded, and that there will be 
delays in addressing mobile phones and washing machines (European Commission 
2016b).

2.2.3  A New Framework for Europe: The 2030 Sustainable 
Development Agenda

The adoption in 2015 of the 2030 Agenda of Sustainable Development (UNGA 
2015) can be a game changer in overall policy making. This new global agenda is 
comprehensive, touching on most relevant topics to achieve a better world for 
everyone including the protection of the planet. It has the potential to provoke a 
paradigm shift in the concept of development as such, and stresses more than any 
other agenda the necessity to achieve coherence in policymaking. It promotes a new 
approach for policy work, with less focus on end of pipe solutions, charity, incre-
mental change and damage control. Instead, it gives much more space to systemic 
change, fighting the root causes of poverty, social exclusion, environmental degra-
dation and pushing for a fair distribution of wealth and use of natural resources.

For the EU, achieving coherence in internal and external policies is essential. 
The cross-border impacts of European internal policies should therefore be taken 
into account. A lot needs to be done here, as it is clear that European consumption 
and production patterns are harmful to the Global South. As explained before, the 
majority of the natural resources we use come from countries outside Europe. These 
“externalities” of European lifestyle are far from being compatible with poverty 
eradication and food security in the Global South, and therefore not in line with the 
2030 Sustainable Development Agenda. For measuring progress on our responsibil-
ity to decrease the use of natural resources, the UN should start to set land, water, 
and carbon footprint reduction targets, per regions and country, combined with the 
implementation of measurements and monitoring tools. The International Resources 
Panel (IRP) of the UNEP should therefore be upgraded and receive the resource and 
the mandate to coordinate this research and political process.
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2.2.4  Time to Go Beyond Resource Efficiency

Despite tentative steps forward from the European Commission, Europe continues 
to consume more than its fair share of global natural resources, even with improve-
ments in resource efficiency and better waste management, at a high price for eco-
systems and people around the world. The high European demand for resources is 
thus not only environmentally unsustainable, but raises issues of social justice – 
resource conflicts are growing in number and tension, and three environmental 
defenders were killed every week in 2015 (Global Witness 2016), merely for pro-
testing against the destruction of the ecosystems they depend upon for their 
livelihoods.

The economic and wellbeing impacts of our overconsumption are also evident 
here in Europe. Our lifestyles put pressure on our wellbeing, with high rates of dis-
eases and death from air pollution, stress, obesity and traffic accidents as well as a 
lack of access to nature.

With all this in mind, we cannot say that we are going into the right direction – 
and so it is time to go beyond resource efficiency, and look at how to cut resource 
use in absolute terms.

What is clear across EU policies is that the main focus is on technological inno-
vation, putting the emphasis on eco-design and/or product standards and better 
ways of managing waste. While these are important steps, they will not give the EU 
what it needs: an absolute reduction in resource use to sustainable and just levels. As 
long as the EU’s narrative is based on the assumption that increased consumption is 
fundamental to economic growth, we will never achieve an absolute reduction of 
resource use – we will merely buy ourselves time before ecological collapse.

Good politics means that we should all be able to live a decent life, within the 
environmental space of one planet. The main ambition is thus to fit our economies 
into “one-planet-lifestyles”. According to the Global Footprint Network, in 2016 
the world population overshot the level of resource use that we can use within 1 year 
on the 8th of August (Global Footprints Network 2016). For the remainder of that 
year, we used resources that could not be replaced by nature. Getting into debt with 
the planet will lead us to ecological bankruptcy.

The huge challenge is to decrease our absolute resource use, moving beyond 
resource efficiency. A new term which is gaining importance and addresses this 
challenge is ‘sufficiency’. It comprises the questions of how much is enough, and 
how many resources we have. Based on this, the economy and lifestyles that answer 
to the most basic needs and achieve wellbeing for all can be developed. This implies 
a shifting away from material needs towards a new definition of a ‘good life’. As 
such, moving beyond resource efficiency to sufficiency is crucial. We not only have 
to dematerialise our economy, but our entire concept of wellbeing!

Wolfgang Sachs introduced the concept of sufficiency into the sustainability 
debate in Germany at the beginning of the 1990s. He came up with the Four E’s, 
from the German Terms Entschleunigung, Entflechtung, Entrümpelung and 
Entkommerzialisierung. Translated into English it would be something like the 
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“four lessens”: lessen our speed, lessen our distance, lessen our clutter, and lessen 
the commercialisation of our lives.

The big problem with solely focussing on resource efficiency is that it does not 
take into account the rebound effect, which undermines the net gains of resource use 
reduction. Total consumption is increasing much faster that the resource savings 
from resource efficiency, as is happening in Europe’s case as explained above. 
Therefore, it is impossible to rely only on technological innovation, as social inno-
vation with a focus on changing behaviour and lifestyles is crucial. The politics of 
sufficiency should create a framework where both technological and social innova-
tion are possible, mainstreamed and upscaled.

2.3  Tackling the Root Causes of Overconsumption

Even if we keep repeating that ‘business as usual’ (and therefore ‘policy-making as 
usual’) is not an option, making real change is extremely difficult. The great transi-
tion cannot be achieved without a better understanding of how we are locked into 
our economic system, what the drivers of this model are, and how we can escape 
from it. Merely implementing resource efficiency policies will not bring us the 
desired system change. Therefore, we should go deeper into our thinking and also 
focus on the following policy levels.

2.3.1  Governance

Governance, combined with policy-making, is an important enabler for sustainable 
lifestyles, as it designs the structure and the rules of the game for our societies. It has 
unique powers to establish top down approaches (regulations, taxes, spatial plan-
ning etc.), but can also support and sometimes even initiate bottom up approaches 
(such as upscaling local initiatives and active participation facilities).

Until now, policy has acted as a driver of unsustainable lifestyle patterns, and 
elaborated a system of unsustainable consumption and production. This includes 
unsustainably high levels of production stimulated by subsidies, investment facili-
ties, tax regulations, marketing support, educational programs and subsidies for 
associated research and development. Even if this was not intentional, governments 
have financially supported the development of consumption infrastructure such as 
road construction, communication system protocols and shopping malls. Some say 
that without government support we would not have this consumerist society 
(Schreurs 2010).

On the other hand, governments have also been integral in implementing policies 
to support households in times of scarcity - such as during World War II and during 
the oil crisis in the 1970s, which shows it is possible to have strong governance in 
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favor of collective needs. Various public health campaigns have played a key role in 
moderating the consumption of alcohol and cigarettes.

Policy and governance mechanisms can be important catalysts for sustainable or 
unsustainable lifestyles. Governments are the elected defenders and managers of a 
collective vision and interests of a body of people, and therefore must act responsi-
bly for the long term wellbeing of all citizens. Responsible leadership is critical, and 
governments have to be held accountable for their actions and decisions. Assessment 
tools for sustainability are helpful, before and after decisions are made. If govern-
ments put sustainable development and wellbeing at the core of their policy and 
long-term decisions, this will be a very important enabler for sustainable lifestyles.

If governments set priorities correctly, which can be done now by using the 2030 
Sustainable Development Agenda as an overall framework, together with the related 
indicators, we will have a much more balanced dashboard of markers on where to 
go. This will support more coherent policymaking, shifting away from the focus of 
the ‘jobs and growth’ agenda.

2.3.2  Financial Tools

2.3.2.1  Stop Harmful Subsidies and Tax the Bads, Not the Goods

At the moment, Member State governments and the EU are subsidising activities 
that do not contribute to sustainability. For example, the fossil fuel sector receives 
up to USD 2 billion a year in exploration subsidies from Germany, Italy, France and 
the UK (Makhijani 2014). But also, EU structural and cohesion funds in Central and 
Eastern European countries finance new incineration plants rather than invest in 
waste prevention, reuse and recycling (CEE Bankwatch Network 2013). Urgent EU 
action is needed to reverse environmentally harmful subsidies and any action should 
prioritise the conservation of resources, the prevention of waste, and the re-use of 
products and materials.

Another key step is a tax shift – Member States can create a significant impact in 
driving more efficient resource use by increasing taxes on raw materials and prod-
ucts extracted from the environment instead of taxing labour. Shifting the tax bur-
den from labour to resources would help promote more labour-intensive re-use and 
repair activities, instead of supporting disposable or non-repairable products. It 
would create much more jobs and less pressure on natural resources.

The EU made a commitment in the Roadmap to a Resource Efficient Europe 
both to phase out environmentally harmful subsidies by 2020 and to reform environ-
mental tax by calling for a major shift from taxation of labour towards environmen-
tal taxation. However, the Roadmap’s non-binding nature, and the prioritisation of 
environmental harmful short-term economic recovery, means that progress has been 
dismally slow. Nonetheless, the EU already has the commitment and the tools to 
make good on its intentions. It is time to turn them into a reality.
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2.3.2.2  Public Money Versus Private Money

Public spending is very important to support and facilitate societies to achieve 
wellbeing – public spending includes public goods such as well-functioning public 
transport, adequate health systems, good education, and culture. As an increasing 
amount of money goes to private hands and is diverted away from public finances, 
inequality is growing tremendously. This is not only bad for social justice reasons, 
but also for the environment and because it lowers investments for collective goods 
and services. An International Resource Panel (IRP) report (UNEP 2016a) shows it 
is overconsuming richer groups who consume the majority of the world’s natural 
resources. For that reason, growing inequality is one of the drivers of increasing use 
of natural resources. There are plenty of reasons to bring back money to the public 
with a fair tax system, by scrapping tax havens (USD7.6 trillion is offshore (Hardoon 
et al. 2016) – around the total GDP of the UK and France), and banning currency 
speculation.

2.3.3  Money Makes the World Go Down

Debt is draining resources worldwide. Our monetary system is highly debt-based, 
which is therefore one of the main driving forces of economic growth - which in 
turn leads to increasing consumption of natural resources. New products and sub-
stantive increases in global public debt have fueled an unprecedented increase in 
global financial assets from 1:1 ratio to global GDP in 1980, to a ratio of 4:1 in 2015 
(300 trillion versus 75 trillion (Falkenberg 2016)).

A long time ago, only state banks could create money based on the public 
reserves in national banks. Now all banks can create money, a process that is often 
based on dubious financial products without any real value underpinning them. At 
this moment, 95% of all money is virtual and issued by private banks. Debts must 
be repaid to the private banks, which funnels ‘real money’ into the virtual economy. 
In order to obtain more real money, governments are obliged to increase trade and 
consumption, and the cycle of overconsumption continues.

This competition for money has negative consequences (Tekelova 2011):

• The ludicrous production of cheap goods of poor durability or with inbuilt obso-
lescence, so that manufacturing jobs are ‘protected’, and manufacturers can 
maintain or increase their profit. This has led to rapidly increasing consumption 
of raw materials as well as increasing levels of pollution and waste production.

• The huge advertising ‘industry’ building the demand for new products and the 
latest fashions in order to keep people buying, resulting in increasing levels of 
borrowing and debt.

• The ridiculous export drives by which every country simultaneously attacks the 
economies of every other nation, under the pretense that such global free trade 
improves general wellbeing.
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• The externalization of embodied environmental and social impacts allowing, for 
example, burgeoning transport practices, with similar goods or even their parts 
(e.g. various parts of a car before assembly), crisscrossing the globe, without 
taking into account the environmental impact of this in final costs.

In addition to this there is the huge underlying key trend of concentration of 
wealth based on the increasing return to capital instead of labour. So, beyond these 
physical or ‘real’ investments, much of the investment activity in our monetary sys-
tem takes the form of speculation in property, commodities or asset prices. The finan-
cial crisis bore witness to a kind of casino capitalism, gambling on the future, at the 
expense of financial and social stability. It became apparent through the crisis that 
sustainability – indeed, basic economic security – depends on a healthy financial 
system. Prosperity itself depends on a properly functioning money system. 
Transforming the financial system is a clear priority. Though it is beyond the scope 
of this paper to expand on that task in detail, it is worth highlighting three particularly 
important social innovations which are supported strongly by the analysis here.

2.3.4  Social Innovation and Behaviour Change

Due to the rebound effect, resource justice cannot be only achieved through techno-
logical innovations. More emphasis should be given to social innovation as the nec-
essary complement to technological innovation in order to achieve systemic, 
long-lasting social and economic changes. A great deal of research has shown that 
local and grassroots initiatives have been successful in testing innovative ideas. 
Social innovations can be initiated by individuals or groups, but also by entrepre-
neurs. Social entrepreneurs and designers are promising actors, finding new solu-
tions to existing social needs – or market failures. This occurs through the so-called 
‘acupuncture principle’: small scale and local initiatives with potential for systemic 
change can be identified, and should be supported for up-scaling.

It is a pity that the leverage of social innovation is often so heavily undermined. 
The EU does not really invest in it directly or indirectly through research funding. 
This is why it often stays in a niche, where upgrading those initiatives could have 
much more results than technological efficiency. Social change will also change the 
narrative of basic needs and wellbeing, and vice versa.

Social innovation faces two main problems. First, social innovation competes 
with technological innovation for the focus of attention in political and business 
initiatives for sustainability as well as funding schemes, instead of being regarded 
as a complement. Second, due to the historically local nature of social innovations 
they are perceived as having niche impact only, as opposed to being scalable and 
replicable solutions. A countless number of such initiatives are very promising solu-
tions, however, their potential has yet to be sufficiently explored. Beyond the ques-
tion of how to scale promising approaches, it is also necessary to establish political, 
and institutional structures (such as education) to foster them.
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2.3.5  Other Business Models

Alternative business models (Fig. 2.3), such as leasing, can transform consumers 
into users (FoEE 2014). Unlike the traditional model of purchasing, where the 
buyer is responsible for the products disposal, leasing puts the responsibility on the 
designer for the disposal of the product, thus incentivising the design of products 
that are more durable, reusable, easily repairable and upgradable during their use 
phase, and which are recyclable or naturally decomposable at the end of their lifes-
pan. Manufacturers retain ownership and responsibility for a product during its 
life, and at the end of it they regain access to components that can be re-used or 
recycled. Under this model, companies need to consider not only the sale of a prod-
uct, but also its repair, refurbishment and return, and therefore they will benefit 
economically from investing in ways to extend their products’ lifespans, rather 
than profiting by launching and marketing new, ever-so slightly ‘better’ products 
every year. Providing economic incentives for leasing or other similar business 
models can prompt manufacturers to design repairable and this more sustainable 
products (Fig. 2.4).

Fig. 2.3 The global impacts of our consumption (Source: Friends of the Earth Europe 
2015)
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2.3.6  Legal and Regulatory Frameworks

Voluntary improvements on corporate responsibility and financial incentives to 
push for resource-efficient behaviour and production patterns are of course positive. 
But what if the unwilling groups of producers and consumers are not moving any-
where? Legally binding agreements and regulations must also be put in place. 
Several good initiatives have been taken, at the EU global levels, but nevertheless in 
general environmental law is still quite weak compared to civil law. Many civil 
society organisations are still demanding a binding UN treaty on corporate account-
ability. Recognising ‘ecocide’ as a crime against humanity is another civil society 
demand which is gathering momentum.

In the outcome of Rio + 20, “The world we want”, a reference was made to 
Principle 10 (Access to information, participation and justice) of Agenda 21 (agreed 
in 1992) as leverage for environmental democracy. In Europe the Aarhus Convention 
exists, but is still relatively unknown by most of the environmental and civil society 
groups. It is an effective tool, that could be better put into practice.

On another level, the EU could be stricter and more innovative on product norms 
based on environmental performance. Too many energy or natural resources inten-
sive products are still on the market. Products norms and bans are mostly based on 
issues related to human health. Taking care of the health of Mother Earth should be 
argument enough for taking some products out of the market, as is done with old- 
fashioned light bulbs. A whole range of policy opportunities is still open related to 
product norms and bans.

Last but not least, we would also urge that discussions around the design of resource 
capping schemes should begin. In order to share existing natural resources in a fairer 
way and use the scarce resources for basic needs, instead of for the greed of a minor-
ity, there seems no other way than to regulate resource use. For that the International 
Resource Panel of UNEP should have the mandate and the trust to study the stocks of 
natural resources and design schemes for their management and destiny.

Fig. 2.4 Comparison of alternative business models with traditional model of purchasing (Source: 
Friends of the Earth Europe 2014)
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2.4  Conclusion

With this article we have tried to list the main challenges to make the transition 
towards a resource-efficient Europe. We are deeply convinced that this cannot be 
done by technological innovation only, but that much more attention to social inno-
vation (voluntary behaviour change) is needed and the drivers of (over)consumption 
must be tackled.

We do acknowledge that this will be difficult, as vested interests in the current 
economic system are strong and are an obstacle to this transition, but we hope that 
future generations of CEOs, politicians and financial managers will put the collec-
tive interest higher on their agendas than private gains. As there are no jobs on a 
dead planet, we should put the planet and people first, above the survival of our 
current economic system. Resource efficiency is a step forward, but for fair ‘One- 
Planet Living’, we also need resource sufficiency.
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Chapter 3
Global Megatrends and Resource  
Use – A Systemic Reflection

Ullrich Lorenz, Harald Ulrik Sverdrup, and Kristin Vala Ragnarsdottir

Abstract The exponentially developing Global Megatrends of human society can 
be explained and modelled from a systemic perspective. Results show simultaneous 
exponential growth for population, energy consumption, raw materials extraction, 
GDP, pollution and climate change. The authors participated in the development of 
the WORLD6 system dynamics model to explain these trends and to explore what 
the future may hold. This was done based on the systemic approach in order to 
include feedback loops and changes in trends that may occur at later points in time. 
The modelling results allow to reproduce developments that are referred to as 
“Global Megatrends” in literature and that are used to proof the concept of the 
Anthropocene. While in the Global Megatrends literature and the Anthropocene 
literature exponential growth is based on empirical data we suggest taking a longer 
and systemic perspective on these global trends. Whether the trends are to level off, 
decline or crash depends to a large degree on future policies. We can confirm that 
the “rise and fall scenarios” are principally right in their analysis as well as the root 
causes. It is evident from our WORLD6 simulations that a business-as-usual sce-
nario will lead to a decline of disruptive nature. It is also evident that the worst case 
scenario can be avoided by a careful design of policies, using the systems perspec-
tive assisted by dynamic model simulations. The German policies for an 
Energiewende (energy transition) must be linked to a future policy of Ressourcewende 
(resource transition) and a Nachhaltigkeitswende (sustainability transition). Such 
policies appear strategically appropriate and well founded in science.
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3.1  Introduction

Evidence shows that since the Club of Rome published the report “The Limits to 
Growth” in 1972, unchecked development of global population and consumption of 
natural resources has continued. As given in their “standard run” (business as usual 
scenario), this will lead to serious environmental and thus also economic and social 
problems, if not to a collapse. While a collapse is not perceived as very likely in the 
scientific and policy community, the use of natural resources increased significantly 
since the industrial revolution and in particular from the mid-twentieth century 
onwards, almost quadrupling to 80  billion tons between 1970 and 2015 (UNEP 
2016). While the central aim of the simulations of The Club of Rome (Meadows 
et al. 1972, 1992, 2004) was to present various scenarios, the aim of their work has 
never been to predict exact timings and quantities but rather show patterns of devel-
opments. Recent studies suggest that pathways in resource consumption, population 
growth and pollution are fully following the trajectory of the business as usual sce-
nario, which includes tipping points towards a crash (Turner 2008, 2012). Assuming 
that humanity is able to take measures to either stop these developments or at least 
ease the severity of a possible downward turning in a timely way, the “eye opening” 
message from a systems science point of view is that the world system is essentially 
correctly described. Acknowledging that complex systems follow certain intercon-
nected “rules” this shows that it is urgent to apply systems thinking not only in sci-
ence but also for policy design. System science offers tools and perspectives to 
overcome linear thinking, which is the primary foundation of policy across the 
world. The highly interconnected socio-technical-economical-global ecological 
systems are classified by feedback structures, delays or ambiguities which require 
causal link approaches to handle this kind of complexity with seemingly chaotic or 
counter intuitive behaviours.

Recent work by Sverdrup et al. (e.g. Sverdrup and Ragnarsdottir 2014, 2016; 
Sverdrup et al. 2014a, b, 2015) includes the upgrade of the original WORLD model 
towards version 6.1 WORLD6 was derived from the World3 model built in 1970–
1972 by Meadows et al. (1972) from the initial world system dynamics model of 
Forrester (1971). In these previous version of the WORLD model, population 
dynamics, food supply, food production, materials resource extraction, energy 
resource extraction, renewable energy, social feedbacks, economy and investments 
were linked in the way they are thought to link causally in the real world. In the 
WORLD3 model, all resources were lumped together as energy and natural 
resources (i.e. fossil fuels, metals, materials, water), adding them up into one 
resource “index R”. Pollution was also generalized into persistent pollution, adding 
up all kinds of pollution into one “Pollution index”. In WORLD6 this has changed. 
The present version is a result of the dismantling of the WORLD3 model and an 

1 The update from WORLD5 to WORLD6 model was funded by SimRess project (“Models, poten-
tial and long-term scenarios for resource efficiency”) by German Federal Ministry for Environment 
and the German Environmental Protection Agency (FKZ 3712 93 102).

U. Lorenz et al.



33

extension and substitution of its resource module (Sverdrup 2016; Sverdrup and 
Ragnarsdottir 2016). In WORLD6 energy and natural resources are separated into 
individual categories and a series of metals and materials as well as energy carriers 
are modelled individually. Figure 3.1 show some central simulation output from 
1900 till 2015, indicating strong (exponential) increase of the presented indicators.

Fig. 3.1 Megatrends created with the WORLD6 model from 1900 to the present (2015) compa-
rable to the trends presented by Steffen et al. (2015) showing typical exponential growth shape

3 Global Megatrends and Resource Use – A Systemic Reflection



34

The graphs presented in Fig. 3.1 show nearly the same patterns as the indicators 
compiled in their article “The great acceleration” by Steffen et al. (2015) or in the 
work by (Monastersky 2015). Both authors show a series of socio- economic trends 
driving earth system trends as well. Most of these trends (with some exceptions, e.g. 
marine fish capture that seems to have exceeded its peak and is now in decline) 
show the same specific exponential growth pattern. This rapid and unprecedented 
global change driven by human activities is consequently referred to as the 
Anthropocene, which has recently been suggested as having started either at the 
beginning of the industrial revolution or in the middle of the twentieth century.

Most of these global changes are also referred to as Global Megatrends (e.g. EEA 
2011, 2015; Sadler 1996; Retief et al. 2016). The term ‘Global Megatrend’ is used to 
describe large-scale, extensive and often closely interrelated change processes at the 
social, technological, economic, ecological and political levels that threaten the resil-
ience of social and ecological systems (EEA 2015: 5, EEA 2015: 33 ff). This concept 
of “(…) Global Megatrends and challenges, related to population dynamics, urban-
isation, disease and pandemics, accelerating technological change and unsustainable 
economic growth add to the complexity of tackling environmental challenges and 
achieving long-term sustainable development” (EEA 2015, p. 13).

Global Megatrends can hence be described as the attempt to reduce the complex-
ity of global developments to make them more manageable for political decision 
making. Nevertheless, Global Megatrends could not be seen as unconnected devel-
opments in the world. Global Megatrends can potentially raise the awareness of 
political decision makers, and they can be used as a communication tool both for 
politicians and the public. But this reduction of complexity can in turn make the 
audience forget about the interconnected systems in the background. Although, in 
the moment the consequences of the global trends for e.g. a policy issue are assessed, 
it is indispensable to understand feedback mechanisms and respective ambivalences 
of the underlying system (see e.g. Lorenz and Haraldsson 2014, examining the 
potential impact of Global Megatrends on national scale).

Beginning from the work of Meadows et al., the defining of the Anthropocene by 
Steffen et al., using the concept of Global Megatrends by EEA or more recent results 
from the work with WORLD6 among other approaches: all these are attempts to 
handle the complexity of the highly interlinked global systems and finally design 
adequate policy approaches to prevent unfavourable developments for the health of 
nature and the human population.

3.2  The Root Cause of Observed Megatrends

The graphs in Fig. 3.1 show that human activities as observed from 1900 to 2015 
mostly follow an exponential growth curve; there is a steady increase in nearly all 
indicators with a steep increase from around 1950. While the empirical data ends in 
2013 (as presented in Steffen et al. 2015), the simulations in WORLD6 continue 
until 2100 and beyond. These graphs are following a certain pattern: after the 
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already described exponential growth all curves show some tipping point and after-
wards a more or less strong decline.

In systems dynamics, exponential growth patterns are well described and are 
referred to as system archetypes (Forrester 1971; Meadows et al. 1972, 1992, 2004; 
Sterman 2000; Sverdrup and Ragnarsdóttir 2014).

This “rise and fall” scheme is best described by the systems archetype called 
“limits of growth”. The general archetype architecture is illustrated in Fig. 3.3 The 
yellow core is the reinforcing loop (R) causing exponential growth. The red shaded 
area is the balancing loop causing the decline. The fact that we can identify and 
describe such basic feedback structures allows us to use such a model to explain and 
even predict in a general pattern the continuation of the megatrends shown in 
Figs. 3.1 and 3.2. If these R-loops are responsible for the exponential behaviour of 
the present system, B-loops and understanding the backlash will also help under-
standing what are the driving forces for the decline.

While for most indicators shown in Fig. 3.2 the tipping point is around 2040–
2060 for some indicators presented by Steffen et al. (2015) show that the exponen-
tial growth trend has already been broken (see Fig. 3.4), suggesting that the balancing 
loop shown in Fig.  3.3 has already come into play. For fish, the trend indicates 
decline of the fish stocks, for domesticated land this is caused by less new land 
available and degradation of the land we have, and for methane emissions there is 
supposed to have been a decline in industrial production and emissions from wet-
lands (although more recent data support continuation of the increase (e.g. Butler 
and Montzka 2016).

As an intermediate conclusion we have to state that we have mostly seen just the 
first part of most of the megatrends. Humans tend to think about the world in linear 
trends and many forget the old saying “What goes up, must come down”. Exponential 
growth in a finite earth system cannot persist (as stated repeatedly by the economist 
Kenneth Boulding in the 1950s and 1960s (e.g. Boulding 1966)), thus the curves 
must turn at some point in time. It is also important to emphasize that this is not an 
issue where we have the liberty to take a position on whether we “believe” in it or 
not; it is a provable fact derived from the fundamental principles of thermodynam-
ics. Not heeding the facts of thermodynamics normally leads to humiliation sooner 
or later (Eddington 1928) (Fig. 3.4).

3.3  Megatrends from 2015 and Beyond

Retief et al. (2016) classified Global Megatrends into six key groups based on a 
review of various reports on Global Megatrends. The six groups are demographics, 
urbanisation, technological innovation, power shifts, resource scarcity and climate 
change. While the first four megatrends belong to the socio-technological domain, 
resource scarcity and climate change belong to responses of the earth system (using 
the classification of Steffen et  al. 2015). While many of the referred studies by 
Retief et al. (2016), including Global Megatrends by EEA (2015), mainly focus on 
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Fig. 3.2 The same megatrends as shown in Fig. 3.1, now using the WORLD6 model to simulate 
to 2200 according to business-as-usual. The UN estimate on population development (second row, 
right figure) is based on demographics only and assume that there is no feedback at all from any 
resources, food availability, energy availability or pollution. WORLD6 and WORLD3 are inte-
grated models that in different ways have included these feedbacks in the forecast. The exact tra-
jectories are approximate and change somewhat with the assumptions. Some trends make 
significant turns. The global net income turns dramatically because of sharply increased extraction 
costs, mostly due to increased energy cost and declining ore or reserve quality
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single megatrends – seemingly missing the fact that the megatrends belong to the 
same interconnected system – we provide in this chapter a series of connected meg-
atrends that on one hand drive the use of natural resources (mainly materials) and on 
the other hand megatrends from the global Earth system that feed back into to socio- 
economic sphere. The causal loop diagram in Fig. 3.5 together with the basic arche-
type (Fig.  3.3) is capable to explain and deduce the “rise and fall” of Global 
Megatrends that are highly relevant for the material use in society. Here we take into 
account that the megatrends are connected and their inherent systemic characteris-
tics, including resistance to external changes (delays until they actively change – 
shown with a short line perpendicular to causal lines). The diagram connects some 
spheres:

 1. Civilization: population, demography, infrastructure, wealth, debts;
 2. Physics: natural mineral resources, finite resources, solar and wind resources;
 3. Natural ecosystems and their ecosystem services.

The basic principles shown in Fig. 3.3 have been further elaborated in Fig. 3.5 
with respect to human society, integrating the industrial metabolism and the econ-
omy. The yellow cores are different reinforcing loops (R) that create exponential 
growth in the human system.

Fig. 3.4 Selected earth system indicators adapted from Steffen et al. 2015, demonstrating that 
certain indicators already show a broken exponential growth pattern. These include marine fish 
capture, methane concentration in the atmosphere and domesticated land

Fig. 3.3 The rise is caused by the consumption driven by a resource that often lead to exponential 
growth. If the resource is a finite one, the backlash of resource exhaustion will occur, leading to a 
decline
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The reinforcing loop R2a and R2b in Fig. 3.5 are responsible for exponential 
growth of indicators like resource extraction or wealth. We have shown these indica-
tors in Fig. 3.2. The R2-loops are though connected to balancing loops (B2a and 
B2b) which will induce the decline of the curves. B2a is referring to limited 
resources in a finite world. This balancing mechanism becomes mostly apparent for 
indicators like urban land or industrial land, but also for raw materials as shown 
later in Fig.  3.6. The balancing Loop B2b introduces recycling as a measure. 
Recycling could be capable to reduce resource extraction and by this change the 
decline pattern of the respective resource. Also, this will be highlighted more in 
Fig. 3.6. Next to the explanatory potential of this kind qualitative analysis with a 
causal loop diagram the limitations also become apparent: while we are able to 
generally detect and explain the exponential growth pattern followed by a decline, 
we cannot say, at which level the system stabilises. The potential impact of the bal-
ancing loop depends in the case of recycling on the recycling rate, the level of 
resource extraction and on the level of consumption. If, for example, consumption 
level is high and recycling rate is low, resource extraction will still be high and the 
finite resources will still be eaten up. Staying with this example: only if consumption 

Fig. 3.5 The megatrend “machine” represented in a causal loop diagram. The causal loop diagram 
shows how humans ran the world from 1750 to about 1990. The observed megatrends can be 
explained by employing known causal relationships. The yellow circles marked with Rs represent 
reinforcing loops. Together, these loops are responsible for the exponential behaviour of the pres-
ent system (Figs. 3.1 and 3.2). The zones marked with Bs and the red lines show the balancing 
loops that will eventually break off the exponential growth. This diagram explains all observed 
megatrends
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would be lower, together with high recycling rates and together with natural renew-
ables (R7) the whole system might stabilise without a full decay of finite resources.

This CLD is a generalised one. You could easily replace e.g. the finite resource 
with a metal like copper, iron, coal or with any other kind of resources and follow 
the loops without losing explanatory power.

As an example, one of the typical and crucial base materials for society is copper, 
which is used in numerous technologies developed by mankind and used for provi-
sion of service. Without copper, human society would face a significant challenge. 
The Fig. 3.6 shows supply to mining, supply and recycling (a) and the steadily sink-
ing quality of the resource we extract from, for copper. Simulated and observed 
ore grades for copper and some of the metals associated with it in (b), using the 
WORLD6 model basis run that corresponds to the graphs shown in Fig.  3.2 
Copper – as one example of in the long term the finite materials – is one of the limit-
ing factors that shapes the backlash, signalling the initiation of “fall” in the arche-
type behaviour. Take note to observe that even if the total supply of copper has a 
peak behaviour (a), it does look a bit different when drawn up as supplied per person 
or as stock-in use per person. It can be seen in (c) and (d) that the supply will level 
off and stay constant for copper and lead, but reach a peak and decline for lead 

Fig. 3.6 Copper is a typical base metal and is used in very many technologies developed by man; 
(a) shows the rate of mining, supply to society and recycling; (b) shows ore grade declining both 
in the empirical and modelled data; (c) and (d) show some key metals for human technologies, 
plotted as amount supplied kg per person and year (c) and as stock-in-use (d)
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and nickel. The stock-in-use, which tell us how much we have in use for providing 
services, show a distinct peak for all the metals. The decline is caused by the supply 
not being able to keep up with maintenance and replacement, suggesting that we 
have an overshoot in terms of infrastructure as compared to what is sustainable.

Besides the fact that declining resources availability, expressed as declining 
amount and declining quality, trigger the backlash in the socio-economic system, it 
becomes apparent that the balancing loop does not start with the peak of the curves 
as shown in Fig. 3.6 but clearly earlier. This leads to the conclusion that timing of 
action is crucial. It is evident that until the present day, the general megatrends were 
increasing in everything. With traditional linear thinking, this may appear to just 
continue, and no problems are apparent. However, as Fig. 3.5 shows, the world is in 
no way linear. What the systems analysis of the world system has shown in Figs. 3.3 
and 3.5, suggests that this is not an uninterrupted trend of increase, but rather part of 
a longer trend that looks different as other parts of the system come into play. The 
professional term for such an archetype is “rise and fall” or “overshoot and decline”. 
All indications from systems analysis on the world system of today suggest strongly, 
the present society is in an “overshoot and decline” mode. The output of the 
WORLD6 model indicates in addition that most of the upward trends will reach a 
plateau or start declining between 2020 and 2050 (Fig. 3.7). In short, the general 
patterns of the megatrends that we observe today cannot be expected to continue.

3.4  Conclusions

Taking a systemic global perspective makes it clear that all observed developments, 
including the Global Megatrends, are tied together. They form a highly intercon-
nected and extremely complex system while at the same time we can find that many 

Fig. 3.7 Occurrence of the maximum year for supply to society we get that shows the density of 
maxima (left) and the cumulative distribution of maximum points with time (right)
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reports on Global Megatrends show megatrends as single entities and mostly just 
the first part of the trends.

The complexity and interconnectedness of Global Megatrends makes it nearly 
impossible to find direct linear cause-effect relationships in the system. There is 
simply no mechanism to easily fix these global challenges. Additionally, many 
trends are seemingly inert to changes, due to buffering subsystems, or simply a slow 
pace of change, determined by the system. Furthermore, delays must be expected 
due to lags in political knowledge, acceptance and negotiations. In the case of the 
1987 Montreal Protocol,2 it took roughly 15 years from the detection of the prob-
lem, until the treaty came into force. Another 30 years later, the first significant 
effects in the atmosphere3 can be seen. Simulations suggest a recovery of the ozone 
layer by 2050. In total, the time span from discovering the problem to fixing it is 
close to 70 years. The LRTAP4 protocol offers a similar parallel case, from first 
negotiation to (1979) to final protocol in force (2004), it took 25 years.

WORLD6 model runs indicate that efficiency measures and recycling lift the 
supply curve up and thus that the peak time for certain resources moves further into 
the twenty-first century (the time of maximum supply to society). If the supply 
maximum point could be reached after the population reaches its maximum value, 
then the challenge changes in a profound way. The decline in supply would coincide 
with a simultaneous decline in population, making it far easier to maintain provision 
per capita. If this is combined with better consumer resource use efficiency, less 
irreversible losses from the society and more recycling of key materials, then a solu-
tion may be in sight. Then the supply per person may change from a “steady 
increase, peaking and declining” curve to a “rising and levelling off” type of curve. 
This also shows that addressing global population size as well as managing popula-
tion in local regions must be a part of the overall strategic agenda.

There are a number of themes that must be addressed in an integrated policy 
strategy, aiming to target the aforementioned systemic intervention points. In addi-
tion to advocating for efficiency measures and promoting recycling, the delays and 
timings of resources in society must be considered more systematically. Materials 
must be kept in service for a longer time period, which requires designing 
 longer- lasting products, reparability, reusability, and recyclability. The efficiency 
(material and energy) of repairing and recycling processes must be optimised. The 
irreversible consumption/degradation of raw materials (e.g. the burning of fossil 
fuels, the micro-dissipation of precious metals) must be avoided. The time that 
materials are bound to infrastructure or landfills must be minimised in order to get 
as much service out of the materials as possible. All of these issues call for better 
education at all levels, a focus on vocational training, and new approaches to design. 

2 An international treaty designed to protect the Earth’s ozone layer by phasing out the production 
of numerous substances that are responsible for ozone depletion.
3 The ozone hole not getting bigger.
4 United Nations Economic Commission for Europe, Long Range Transboundary Air Pollution 
Protocol.
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This will result in a better informed public and help policy makers lead our society 
into a circular economy (EASAC 2015, 2016a, b).

Disclaimer This paper does not necessarily reflect the opinion or the policies of the German 
Federal Environment Agency.
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Chapter 4   
Data, Indicators and Targets 
for Comprehensive Resource Policies             

Stephan Lutter, Stefan Giljum, and Martin Bruckner

Abstract Today’s most pressing environmental problems, such as climate change, 
biodiversity loss, land cover conversion, etc. are caused by the overall growth of 
production and consumption. For a methodologically sound and comprehensive 
measurement of societal resource use and its environmental, economic and social 
impacts as well as for monitoring progress towards defined targets, appropriate indi-
cators are needed. In addition to the territorial indicators currently in use, such indi-
cators take into account resources “embodied” in traded goods and services. These 
“footprint-type indicators” help understand to what extent a country’s economy, the 
environment, and the resource efficiency performance of goods and services are 
influenced by global value chains. In this book chapter we discuss the state of the art 
of data and indicator development focussing on three different types of natural 
resources  – raw materials, land, and water. First an overview of methodological 
options regarding environmental accounting frameworks as well as the calculation 
of footprint-type indicators is provided. We show empirical trends of resource use 
and analyse to what extent drivers of global resource use such as the European 
Union have managed to decouple their economic development from resource use. 
Methodological requirements and necessary next developments are identified and 
the ongoing processes as well as empirical analyses linked to the question of how 
targets for sustainable resource use can be identified in both regards, to the method-
ological as well as institutional level.
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4.1  Introduction

The societal metabolism is using natural resources at an unprecedented level (WWF 
et al. 2012; UNEP 2011; Giljum et al. 2014). The world economy as a whole, prog-
ress in developing and emerging economies and the maintenance of quality of life 
achieved in the developed world require ever more resource throughput. Thereby, 
today’s most pressing environmental problems, such as climate change, biodiversity 
loss, land cover conversion, etc. are caused by the overall growth of production and 
consumption (Lutter 2016). During the last decades, global production, trade and 
consumption patterns have changed significantly. The complexity of these changes, 
their international or even global scope, as well as the involvement of multi- 
dimensional cause-effect-impact relationships and time-lags make them very diffi-
cult to address (Giljum et al. 2009).

As described in earlier chapters, due to increased resources requirements, 
resource use and related environmental impacts have already surpassed several 
planetary boundaries (Steffen et al. 2015; Rockström et al. 2009). Strategies like, 
for instance, the Commission’s “Roadmap to a Resource Efficient Europe” 
(European Commission 2011) or UNEP’s Green Economy Strategy (UNEP 2011) 
recognise the need to reduce overall resource use and define resource efficiency as 
one major means to achieve it (see Chap. 2). The Commission, furthermore, clearly 
identifies the development of specific thresholds and targets for a sustainable 
resource use as imperative – on the local, national, regional and global level – as 
well as strategies and recommendations how to implement and evaluate them 
(European Commission 2011).

For a methodologically sound and comprehensive measurement of resource use 
and its environmental, economic and social impacts as well as for monitoring prog-
ress towards defined targets, appropriate indicators are needed (Giljum et al. 2009). 
It has been articulated by a large number of stakeholders, including policy makers, 
civil society and academia, that, in addition to the indicators currently in use, indica-
tors taking into account indirect flows (i.e. resources “embodied” in traded goods 
and services) are needed (for instance, EREP 2014). The main point of critique is 
that territorial indicators, such as Domestic Material Consumption (DMC) for the 
material case or water abstraction for the water case, do not reflect the complete 
resource use picture. By dislocating resource-intensive industries to other countries 
and by substituting domestic extraction by imports, countries can apparently reduce 
their national resource consumption and improve their resource productivity (Lutter 
2016). As supply chains of goods and services are increasingly organised on the 
global level, “footprint-type indicators” allow for complementing the territorial 
indicators. They help understand to what extent a country’s economy, the environ-
ment, and the resource efficiency performance of goods and services are influenced 
by these global value chains (Lutter et al. 2016a).

In this book chapter we discuss the state of the art of data and indicator develop-
ment for evidence-based policy making in the context of sustainable resource use, 
focussing on three different types of natural resources – raw materials, land, and 
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water. We start with an overview of methodological options regarding environmen-
tal accounting frameworks as well as the calculation of footprint-type indicators and 
will show empirical trends of resource use measured by means of territorial as well 
as footprint-type indicators. We further analyse to what extent drivers of global 
resource use such as the European Union have managed to decouple their economic 
development from resource use. In a next step, we identify the methodological 
requirements and necessary next developments to ensure resource use is accounted 
for in a comprehensive as well as scientifically sound manner. Finally, we link the 
ongoing processes as well as empirical analyses to the question of how targets for 
sustainable resource use can be identified in both regards, to the methodological as 
well as institutional level.

4.2  Resource Accounting and Modelling Methodologies

4.2.1  Resource Accounting

Meaningful resource policies ideally build on solid official data on the appropriation 
of natural resources by societies. In general these data are accounted for  on the 
national level. To ensure data quality as well as comparability, in the last decades 
different standards have been developed for the main resource categories.

In the case of raw materials the main methodology applied is material flow 
accounting and analysis (MFA). On the economy-wide level (EW-MFA) MFA 
builds on concepts of material and energy balancing, which were introduced over 
40 years ago (for example, Kneese et al. 1970). The approach accounts for material 
flows in mass units, i.e. the turnover of mass during a defined period of time – usu-
ally one year – and distinguishes domestic extraction of resources, as well as physi-
cal imports and exports. Major efforts have been undertaken to harmonise 
methodological approaches developed by different research teams (Adriaanse et al. 
1997; Matthews et al. 2000; Fischer-Kowalski et al. 2011; Krausmann et al. 2015), 
which resulted in the publishing of methodological guidebooks by EUROSTAT 
(2001, 2013) and the OECD (2007). While in many EU and OECD countries MFA 
is already part of the official environmental statistics reporting system, MFA data 
are also available for an increasing number of emerging and developing countries 
(Giljum et al. 2014; Schandl and West 2010; West and Schandl 2013; WU Vienna 
2016). Material flow-based indicators (for instance, Domestic Material Consumption 
(DMC) in relation to GDP) have already been integrated in various European indi-
cator sets such as the “Roadmap to a Resource Efficient Europe” (European 
Commission 2011). But in response to the increasing demand, significant efforts 
have been devoted to establish methodologies for calculating footprint-type indica-
tors (see above; Wiedmann et al. 2015; Giljum et al. 2015; Lutter and Giljum 2014).

Water accounts have already been included in statistical systems on the national 
level (for example, DESTATIS 2013), and water data are collected by EUROSTAT and 
the OECD via a Joint Questionnaire on Inland Waters (e.g., OECD and Eurostat 2008). 
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Also, the United Nations set up a standard for compiling water accounts in their System 
of Environmental-Economic Accounting for Water (United Nations 2012). These sta-
tistics mostly represent the domestic uptake of water, but do also allow for accounting 
for water actually consumed (i.e. water lost throughout the production process via 
incorporation into the product, evaporation, transpiration by plants, etc.). Despite the 
existence of suitable accounting structures, data availability is rather unsatisfying, 
which can be explained, for instance, by a lack of statistical expertise, scattering of data 
collection among too many institutions, or a lack of political relevance.

In contrast to territorial water indicators, water footprinting indicators account 
for the water input along production and consumption processes. As in the cases of 
raw materials or land, to calculate such indicators on the macro level, in top-down 
approaches water abstraction quantities are allocated to specific abstracting eco-
nomic sectors. Then the flow of “virtual water” is followed through the world econ-
omy in parallel to economic trade interrelationships. In order to obtain a 
comprehensive picture of human impact on the hydrological system, the water foot-
prints can further be broken down to the watershed level and compared to locally 
prevailing water scarcity levels (for instance, Lutter et al. 2016b).

Land cover accounts are generally established from satellite images. For exam-
ple, the EU Corine Land Cover (CLC) system, which is used by the European 
Environment Agency (EEA), is based on satellite images using a 100 m × 100 m 
grid (EEA 2006). Besides describing the geographical patterns of different land 
cover types across a country or region, such systems aim at investigating the ways 
and drivers of change over time. Also the Land Use and Cover Area frame survey 
(LUCAS) by EUROSTAT assesses the state and the dynamics of changes in land 
use and cover in the European Union based on a point survey (EUROSTAT 2010). 
Indicators on land use illustrate the land area required to produce a product or ser-
vice (micro level) or all the goods produced or consumed in a region or country 
(macro level). Particularly valuable are indicators, which illustrate the change of 
land cover and land use from one year to another (e.g. expansion of built-up land at 
the cost of agricultural land) (EEA 2010a). Also in the area of land use, there is 
increasing interest in quantifying the land embodied in internationally traded prod-
ucts and in derived indicators such as the land footprint (Yu et al. 2013; Weinzettel 
et al. 2013; Bruckner et al. 2015; Kastner et al. 2012b).

4.2.2  Methodologies to Calculate Upstream Resource Flows 
and Footprints

In the era of globalisation, supply chains are increasingly organised on the interna-
tional level, thus disconnecting the location of production from final consumption 
(Liu et al. 2013). Various local environmental and social impacts in – often develop-
ing – countries, which extract and process raw materials or manufacture products, 
are therefore often driven by final consumption in rich countries, e.g. in Europe or 
North America.
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Over the past 15 years, the amount of resources embodied in international trade 
augmented even faster than global resource consumption (Giljum et  al. 2014). 
Today, already more than a third of globally extracted materials serve as direct and 
indirect inputs for the production of internationally traded products (Wiedmann 
et al. 2015). This implies that traditional production-oriented, national perspectives 
to account for resource use might no longer be sufficient, as important drivers are 
being missed. Furthermore, territorial indicators of a country’s resource use are not 
robust against the displacement of environmental burden through the outsourcing of 
resource-intensive production stages via international trade (see above). In contrast, 
consumption-based – or “footprint” – indicators consider the resources embodied in 
internationally traded products (Wiedmann 2016) and are thus independent from 
the location of production.

Mathis Wackernagel and William Rees were the first to coin the term “footprint” 
when introducing their concept of the Ecological Footprint (EF) in the early 1990s 
(Wackernagel and Rees 1996). The EF aims to illustrate the amount of nature 
required to sustain the consumption of goods and services by an individual person, 
a city or a country. The method was developed independently of previous achieve-
ments in life cycle assessment (LCA), accounting for a country’s product in- and 
outflows and converting them into corresponding land areas. In past years, the 
scientific and public footprint discourse was dominated by the carbon footprint, 
which is more in line with the tradition of LCA. In the beginning, well-established 
process data and bottom-up methods from the field of LCA were applied. However, 
these approaches were quickly followed by studies applying multi-regional input–
output (MRIO) analysis.

Over the past 15 years, footprint-type indicators have been developed for a num-
ber of resources, including materials, energy, water and land (for an overview, see 
Hoekstra and Wiedmann 2014; Wiedmann 2016; Giljum et al. 2013; Čuček et al. 
2012). In the following, we focus on economy-wide resource flow accounting meth-
ods operating on the level of geographical or political entities, particularly coun-
tries. For economy-wide applications, it is crucial to account for trade flows and, to 
the extent possible, to consider regional differences in technologies and resource 
intensities. Therefore, data on international trade in commodities and services are 
combined with information on production processes and related resource inputs. 
Three variants of trade and footprint accounting models can be distinguished: bot-
tom- up, top-down and mixed approaches. The presentation of the main features of 
these three variants is followed by a discussion on the use of monetary versus physi-
cal units in footprinting methods.

4.2.2.1  Bottom-Up Approaches

The first established bottom-up footprint accounting system were the National 
Footprint Accounts used to calculate the Ecological Footprint. They comprise 
detailed data on bilateral trade and domestic production expressed in quantities (e.g. 
tonnes), and ‘apparent consumption’ of a country is derived by calculating 
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production plus imports minus exports. This form of economy-wide inventory anal-
ysis was later also applied for material, water and land footprints. The quantities of 
each product consumed in a country are multiplied with coefficients reflecting the 
related upstream resource use. These coefficients quantify the resources required 
along a product’s supply chain.

Examples of bottom-up methods include the coefficients approach for the calcu-
lation of material footprints developed by the Wuppertal Institute (Dittrich et  al. 
2013; Schütz and Bringezu 2008; Dittrich et al. 2012), the Water Footprint method-
ology developed at University of Twente (Hoekstra et  al. 2011), and the various 
bottom-up land footprint methods including, among others, Erb (2004), Würtenberger 
et al. (2006), Von Witzke and Noleppa (2010), Fader et al. (2011), (Kastner et al. 
2014, 2011a, b, 2012a), Bringezu et al. (2012), and Mayer et al. (2014).

Coefficients for the water and land footprint of primary products are usually 
gathered from agricultural statistics or crop models. Coefficients for the case of the 
material footprint and for the water and land footprint of derived products are pri-
marily obtained from LCAs. LCA studies are technically detailed, and they are 
often limited in their spatial specification. As a consequence, if applied on the global 
level, the sum of all footprints from bottom-up calculations will inevitably differ 
from the sum of all resource inputs and emission outputs.

One major advantage of bottom-up approaches is that they are able to consider 
country-specific characterization factors. This is of specific relevance due to the 
important role of regional climatic and soil conditions, among other factors, in the 
case of land and water footprints. As a consequence of the availability of detailed 
global agricultural statistics as well as spatially explicit climatic and agro- ecological 
information water and land footprints can be estimated on a high level of spatial 
detail (Hoekstra and Mekonnen 2012; Pfister and Bayer 2014).

4.2.2.2  Top-Down Approaches

In contrast to bottom-up methods, top-down approaches build on input-output anal-
ysis (IOA) which focuses on the economic structure of a country in the form of 
matrices that depict inter-industry flows, i.e. input-output tables. Each vector of an 
IO table can be interpreted as an inventory of production inputs. The environmental 
data on resource use linked as extensions to an IO table can be considered an inven-
tory of environmental inputs such as raw materials and land area.

In general two main types are distinguished – single-region and multi-regional 
input-output (MRIO) models. Single-region IO models assume that imported prod-
ucts are produced with the same technology as domestic products. In the case of 
MRIO models, country IO tables are linked together via bilateral trade data 
(Wiedmann et al. 2011), by that means considering different technologies applied in 
each country. MRIO analysis allows tracking product value chains and related 
resource use along all life cycle stages of all products and services from resource 
extraction to final consumption, considering specific environmental intensities 
across countries (Tukker et al. 2013). Environmental MRIO analysis, thus, simply 
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redistributes global resource inputs from the point of extraction by a specific sector 
to the point of consumption (e.g. final demand by households and government). The 
sum of all footprints hence is always equal to the sum of all resource inputs and 
emission outputs.

A major disadvantage of IOA is the limited commodity and regional detail deter-
mined by the sector and region definitions of an IO model. Further, inaccurate 
results are produced by the assumption of homogenous environmental characteris-
tics of all products within a product group; for example, when products with widely 
diverging mass-value-ratios are aggregated into one product group (de Koning et al. 
2015).

IOA is widely used for the case of material flow accounting.1 An increasing num-
ber of studies apply MRIO models extended by water data.2 Lenzen et al. (2013) 
incorporate water scarcity into an assessment of global virtual water flows between 
nations using input-output analysis. Lutter et al. (2016b) go one step further and use 
the MRIO database EXIOBASE3 extended by comprehensive water data on the 
watershed level to quantify indirect water uses and scarcity impacts on the sub- 
national level. The land footprint has been calculated using several MRIO data-
bases4 including EXIOBASE, GTAP,5 WIOD6 and Eora.7 For a review see Bruckner 
et al. (2015). The LANDFLOW model is the only existing top-down accounting 
model purely based on physical data (Prieler et al. 2013).

4.2.2.3  Mixed Approaches

Mixed or hybrid approaches aim at exploiting the advantages from IOA in combina-
tion with physical trade accounts or process-based coefficients. Depending on the 
processing stage and data quality and availability, a differentiated approach for the 
calculation of footprint indicators for different products is applied. Typically, physi-
cal trade accounts and environmental characterisation factors for raw materials and 
products with a low level of processing are used and detailed environmental proper-
ties considered for those products where variation within a product group is particu-
larly high. Processed commodities and finished goods with more complex production 
chains are treated with IOA, which allows considering all indirect effects and thus 
all upstream resource requirements (Ewing et al. 2012).

1 Giljum et al. (2016c, 2015), Wiedmann et al. (2015), Bruckner et al. (2012b), Schaffartzik et al. 
(2014), Wiebe et al. (2012), Eisenmenger et al. (2016), Tukker et al. (2016).
2 Daniels et  al. (2011); Dietzenbacher and Velázquez (2007); Steen-Olsen et  al. (2012); Ewing 
et al. (2012); Arto et al. (2016).
3 www.exiobase.eu
4 Wilting and Vringer (2009); Lugschitz et al. (2011); Bruckner et al. (2012a); Arto et al. (2012); 
Tukker et al. (2013); Yu et al. (2013); Bruckner et al. (2014).
5 Global Trade Analysis Project (GTAP) (www.gtap.agecon.purdue.edu).
6 World Input-Output Database (WIOD) (www.wiod.org).
7 www.worldmrio.com
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Hybrid models are increasingly applied in all areas of resource flow accounting, 
acknowledging their respective strengths and capabilities. The combination of top- 
down and bottom-up methods is realised in various ways. Hybrid approaches for the 
calculation of consumption-based material flow indicators integrate detailed statis-
tics in mass units into monetary input-output tables, thereby creating mixed-unit IO 
tables (Buyny et al. 2009; Schoer et al. 2012; Schoer et al. 2013). Some land foot-
printing approaches apply input-output analysis to derive land intensity coefficients 
for highly processed products to complement the physical land flow accounts (Meier 
and Christen 2012; Meier et al. 2014). Another type of hybrid accounting applied to 
the analysis of global land flows sets up physical accounts to model crop flows and 
related embodied land flows from agricultural production to the first use stage 
(Weinzettel et al. 2011; Ewing et al. 2012; Steen-Olsen et al. 2012; Weinzettel et al. 
2013, 2014). Also in the water area hybrid approaches have been applied in the past 
(Ewing et al. 2012). The resulting information, i.e. environmental extensions repre-
senting the intermediate consumption of primary products distinguished by region 
of origin, is then allocated to the monetary IO model, which is used to cover all 
supply chains from the first processing step onwards.

4.2.2.4  Calculations Based on Physical and/or Monetary Units

While all available bottom-up approaches are based on physical trade flows, top- 
down methods mostly apply monetary data. From a conceptual point of view, the 
use of monetary or physical trade flows for tracking embodied resource use or 
impacts could be considered equal, if all flows of product groups specified in an IO 
model within and between countries were fully homogenous in terms of prices. 
However, current data availability is still limited. Quality and resulting price differ-
ences in product flows result in differences of value-based and mass-based alloca-
tion methods (for instance, Bruckner et al. 2015).

In addition to the area of international trade, the operating unit also influences the 
allocation of environmental effects with regard to joint and by-products. LCAs draw 
on a variety of different allocation methods, for example, in relation to the products’ 
economic value, mass or energy content. In contrast, allocation in IOA is deter-
mined by the unit of the IO table. It is often argued that monetary values, as applied 
in MRIO models, would represent the economic incentives, and thus the drivers 
behind production activities and ultimately environmental impacts. Therefore, 
value-based allocation is suggested as the basic rule also for LCA.

From a conceptual point of view, the different economy-wide footprinting meth-
odologies should come up with the same results and can be considered ‘equal’, as 
they aim at a full life-cycle wide coverage of upstream effects, account for them in 
the form of tree or matrix structures, which eventually are equivalent and inter-
changeable, and consider trade relations with other countries in addition to domes-
tic production. A convergence of methods may be expected in the future, given the 
steadily increasing data collection. However, the status quo is still limited; therefore 
the selection of suitable methodologies depends on the level of application.
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4.3  Empirical Trends

The rapid development of methodologies to analyse human resource use and the 
increasing availability of data on national and international levels as described in the 
previous chapter has led to a significant increase in empirical studies on the use of 
natural resources for economic purposes. This section provides a selection of 
recently published results, illustrating the empirical trends of resource use on the 
global, European and national levels across the three resource categories of raw 
materials, water and land. Figure 4.1 starts with an overview of raw material use on 
the global level.

Figure 4.1 shows that global material extraction, which equals global material 
consumption, more than doubled in the past 30 years, from around 36 bill t in 1980 
to almost 85 bill t in 2013, an overall growth of 132%. Two distinct phases of 
growth in material extraction can be identified. A first  period of modest growth 
between 1980 and 2002, with an average annual growth rate of 1.8%. In this time 
period, a temporal stagnation of raw material extraction could be observed from 
1990 to 1993, caused by the collapse of the former Soviet Union and the following 
recessions in many Eastern European and ex-USSR countries.

From 2003 onwards, growth of global material extraction increased significantly, 
with the average annual growth rate more than doubling to 4.1% in the period up to 
2013. The observed growth in material extraction was mainly driven by the rise of 
emerging economies in Asia, most notably in China and India. While Asia held a 
share of 47% in global material extraction in 2002, this share increased to 61% in 
2013.

Growth rates were unevenly distributed among the main material categories, as 
visible from Fig. 4.1. In particular, the extraction of industrial and construction min-
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erals increased significantly (by more than 240%), indicating the continued impor-
tance of this resource category for industrial development, in particular for the 
construction of housing, energy and transport infrastructure in emerging economies. 
Global extraction of metal ores increased by 183% and fossil fuels by 82% in the 
period of 33 years. Increases in biomass extraction amounted to 61%. The share of 
renewable resources in total resource extraction thus constantly decreased, from 
around 39% in 1980 to less than 27% in 2013.

In contrast to the global trend of continued growth, official statistics from 
EUROSTAT, the statistical office of the European Union, indicate that material 
 consumption in the EU (measured from a footprint-perspective) has decreased in 
the past few years (Fig. 4.2).

Figure 4.2 illustrates a slightly rising trend of RMC between the years 2000 and 
2008 – from around eight to around nine billion tonnes. However, with the start of 
the financial crisis and the following economic recession, RMC drastically declined, 
by more than 20% between 2008 and 2014. Looking more closely into the develop-
ment of the different material categories, it can be observed that the category of 
‘industrial and construction minerals’ was the category that accounted for most of 
the reduction. As EUROSTAT (2016) explains in its analysis of the trends, it was 
particularly the construction sector that was heavily hit by the economic crisis, with 
declines in gross value added of 11% from 2008 to 2010 and further 8% between 
2010 and 2013. This stark decline in economic activities of the construction sector 
translated into a decrease in particular in the domestic extraction of construction 
minerals and thus leading to an overall decline in RMC. As Fig. 4.2 shows, the other 
material categories were hardly affected by the economic crisis.

With around 12.5 t RMC per capita in 2014, the EU still had a per capita con-
sumption level above the ones observed for many other world regions. And this 
pattern is not only visible for materials, but also for other resource categories, such 
as water, land or carbon emissions (Tukker et al. 2016). The impacts of European 
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consumption spread across the whole planet, as recent studies based on multi- 
regional input-output modelling have shown. In Fig. 4.3, one example regarding the 
global impacts of European consumption on the blue water footprint is illustrated.

Figure 4.3 shows the quantities of irrigation water from rivers, lakes and aquifers 
(so-called ‘blue water’) consumed in watersheds world-wide due to the production 
of products that are finally consumed in the EU-27, i.e. the EU blue water footprint. 
The darker the shading of the respective watershed, the higher the blue water con-
sumption. The map illustrates that European consumption directly and indirectly 
(i.e. via international supply-chains) affects almost all watersheds world-wide. 
Large-scale irrigated agriculture in watersheds outside Europe take place in the 
Indus area in Pakistan and India with around 20 billion m3 of irrigation water being 
spent for the cultivation of agricultural products that serve European consumption. 
Also in the Mississippi-related watersheds (mainly Mid-West US; ~9 billion m3), 
the Nile (mainly Egypt and Sudan; ~5 billion m3), and the Parana (mainly Argentina 
and Southern Brazil; ~4 billion m3), significant amounts of irrigation water is being 
used, which forms part of the EU water footprint. Within Europe, the Danube River 
(mainly Hungary and Romania), the Guadalquivir (Southern Spain) and the Po 
(Northern Italy) contribute the largest irrigation water quantities for European final 
consumption.

Further advancement of methods and data have also allowed to perform assess-
ments of the global land demand related to the final consumption in one country or 
world region. Figure 4.4 illustrates a recently published example on the global crop-
land footprint of the EU-28, i.e. cropland appropriated in various world regions to 
harvest products that directly and indirectly served EU-28 consumption.

The global land demand related to the EU’s consumption of a large spectrum of 
products made of agricultural-based commodities slightly declined between 1995 
and 2010, from around 170 million hectares to around 157 ha. Less cultivation of 
cropland within the EU is the main reason for the decreases in the EU cropland 
footprint, as net-trade, i.e. land embodied in imports and exports, remained stable 
across the time period. Agricultural commodities for livestock production held the 
highest share in all years, making up 49% of the EU’s global cropland footprint in 
1995 and 47% in 2010. Land use for production of commodities for food use also 
slightly declined, from 33% in 1995 to 31% in 2010. The main trend in the composi-
tion of the cropland footprint is a decreasing proportion of the use of food in favour 
of a higher proportion of the non-food sector, which increased its share from 14 to 
18%. The increase in the crop-based non-food footprint is to a large extent due to 
vegetable oil and maize for production of biodiesel and ethanol respectively. One 
key aspect that distinguishes food from non-food use is the share of origin of the 
respective commodities. While the vast majority of cropland embodied in the EU’s 
food consumption in 2010 stemmed from the EU itself (more than 86.5%), for non- 
food products only 35% were based on domestic land resources (Fischer et  al. 
2016). The rapidly growth of the non-food sector of Europe’s bioeconomy is there-
fore significantly dependent on land resources outside Europe, in particular in Asia 
(Giljum et al. 2016b).

4 Data, Indicators and Targets for Comprehensive Resource Policies



56

F
ig

. 4
.3

 
E

U
-2

7 
bl

ue
 w

at
er

 f
oo

tp
ri

nt
 p

er
 w

at
er

sh
ed

, 2
00

7 
(S

ou
rc

e:
 L

ut
te

r 
et

 a
l. 

20
16

b)

S. Lutter et al.



57

4.4  Decoupling

Decoupling the use of natural resources and related environmental impacts from 
economic growth is a strategy that has been widely adopted in policy initiatives on 
the national, European and global level. Many regions and countries have developed 
strategies to substantially increase the material productivity of their economies and 
to reduce overall levels of natural resource use (Hinterberger et al. 2013). The EU, 
but also countries in other world regions, such as Japan and China, have started to 
implement policy frameworks and legislation that aim to accelerate resource effi-
ciency improvements and guide investments into green sectors and technologies, 
supporting sustainable consumption and production (UNEP 2016).

In this chapter, we provide recent empirical evidence on decoupling trends on the 
global and European level, with a focus on the resource category of material flows. 
Figure 4.5 shows the global trends for GDP, population, material extraction and 
material intensity for the time period of 1980 to 2013. Material intensity is calcu-
lated by dividing material extraction by GDP in constant prices.

Figure 4.5 illustrates that between 1980 and 2013, global GDP grew by almost 
150%. At the same time, global material extraction increased by around 130%. 
Across the whole time period, a slight relative decoupling could therefore be 
observed, i.e. average annual growth rates of constant GDP exceeding the average 
growth rates in material extraction.

However, the dynamic changed profoundly around the year 2002. Between 1980 
and 2002, material intensity of the world economy decreased constantly, by an aver-
age of 1% per year, indicating a trend of relative decoupling. As a consequence, in 
the year 2002, around 20% less materials were required to produce one unit of 
global economic output compared to 1980. However, since 2002, the material inten-
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sity curve moves upward, indicating that in the past 15 years, not even a relative 
decoupling has been achieved. In the period of 2002 to 2013, material intensity 
actually increased by an average factor of 1.4% per year. Due to the rapid expansion 
of material extraction activities in many world regions (see also Fig. 4.1 above), 
growth rates in extraction are thus above the global growth rates for GDP. Currently, 
the world economy is therefore on a path of re-materialisation and far away from 
any decoupling.

As with absolute levels of material consumption (see Fig. 4.2), different trends 
can be observed with regard to decoupling in the European Union. Figure 4.6 illus-
trates the trends, indexed to 1980, of the developments of GDP in volume terms, 
Raw Material Consumption (RMC) and related resource productivity, calculated as 
GDP over RMC.

EU-28 resource productivity, measured as GDP over RMC increased from 
around 1.5 Euro/kg in the year 2000 to 2.1 Euro/kg in 2014. However, as Fig. 4.6 
illustrates, this development was not steady with a fundamental change happening 
at the beginning of the economic crisis. Resource productivity only increased mod-
estly between the years 2000 and 2008, with an annual growth rate of around 1%. 
In contrast, from 2008 to 2014, resource productivity surged, with an average 
growth rate of more than 4%. This change can be explained by the developments of 
the underlying indicators. While RMC significantly declined after 2008, in particu-
lar due to a shrinking of the construction sector (see Fig.  4.2 above), GDP also 
declined between 2008 and 2009, however, started to get back on a growth path of 
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around 1% per annum by 2010. The slightly growing GDP together with a rapidly 
declining RMC caused the significant absolute decoupling that could be observed in 
the EU between 2008 and 2013. However, as Fig. 4.6 also illustrates, RMC was 
rising again in 2014, which might indicate a change in trends. Future data updates 
and analyses will reveal whether EU’s absolute decoupling was only a temporal 
phenomenon linked to the financial crisis, or whether longer-term structural changes 
in the EU economy took place that will continue the trend of rising resource 
productivities.

4.5  Requirements and Outlook

As mentioned earlier, meaningful resource policies ideally build on solid official 
data on the appropriation of natural resources by societies. Such official data are 
compiled following internationally standardised formats. Some of the accounting 
methods for the different resource categories described above already exist in an 
internationally standardised format – for instance, material flow-based indicators on 
the product and the country level, the Carbon Footprint or Kyoto inventories of 
GHGs. The accounting method for other categories, in particular for water and land 
are currently under development. However, the measurement systems covering 
simultaneously various types of natural resources have been developed separately. 
As a consequence, further methodological harmonisation is still required, in order 
to improve the comparability of the results. In addition, aspects such as the 
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definition of common system boundaries or the improvement of data collection 
have to be tackled (Giljum et al. 2016a).

As explained above, one important element for the calculation of consumption- 
based indicators are input-output tables to which environmental data are linked as 
so-called environmental extensions. These tables generally provide a high level of 
detail for the manufacturing and service sectors, which contribute the highest shares 
to GDP, but sectors more relevant for resource flows are often highly aggregated. A 
more detailed disaggregation of resource intensive sectors would help avoid errors 
due to aggregation of inhomogeneous products. Such a disaggregation should be 
combined with the integration of physical data into the MRIO system, as physical 
flows through the economic system can be reproduced better by using physical 
instead of monetary data (a so-called “mix-unit MRIO”). Finally, there is a strong 
need to improve the availability of input-output tables – especially in non-OCED 
countries, where a significant share of global material extraction takes place, and for 
a greater number of years including the extension of time series to the current year, 
or even “forecasting” data and indicators into the future.

When discussing the application of global multi-regional input-output models 
(GMRIO) in policy making, two major issues are at stake: (1) how can existing 
GMRIO databases be harmonized and become more aligned and (2) how can the 
acceptance of GMRIOs be increased among the statistical community? Both aspects 
are interconnected as the different GMRIOs available at the moment, produce – to 
a certain extent – different results for e.g. calculations of environmental footprints, 
which leads to problems in acceptance of GMRIOs.

Currently, most GMRIOs lack a ‘statistical stamp’, as they are produced by sci-
entists. The only GMRIO that goes beyond this is the ICIO database of OECD 
which has the drawback of being far too aggregated to be of use for calculating 
water, materials, land and emissions footprints. However, the OECD ICIO database 
could be used as a starting point and then further detailed using the detailing proce-
dures as developed particularly for GRMIOs as EXIOBASE or for Eora (see Sect. 
4.2.2.2). For land and water footprint analyses, this for instance would imply further 
detailing the agricultural and food processing sectors. For material footprint 
 analysis, the materials extraction sector would need detail. This would result in an 
officially accepted database readily available for any NSI or practitioner to be used.

With regard to raw materials, one important area of improvement is the avail-
ability of comprehensive and solid time series of material extraction data. While 
EUROSTAT only recently made material accounting obligatory, resulting in more 
comprehensive datasets provided by EU Member States at least the most recent 
years, longer time series are missing for many countries, in particular beyond the 
group of OECD countries. Hence, indicator calculations often depend on academic 
sources providing more extensive global databases compiled from various statisti-
cal datasets such as the database of WU Vienna (2016). There are ongoing efforts 
to further harmonize data and come up with one consistent worldwide dataset in 
the context of an ongoing project of the UNEP International Resource Panel 
(UNEP 2016).
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Apart from material extraction data, also data on physical material trade are of 
high relevance for the calculation of footprint-type indicators  – especially when 
applying hybrid approaches, but also in the context of linking national input-output 
tables to set up a multi-regional framework. The UN COMTRADE database (United 
Nations 2016) provides data from 1962 up to the most recent year, applying high 
credibility and transparency standards; however, data in physical units are incom-
plete and have to be estimated e.g. via average prices. Hence, improving the data 
situation as well as further research on the completion of patchy physical trade data 
is required (Lutter 2016).

In the area of land use, a major strength of top-down approaches is their global 
consistency, i.e. total global land use exactly equals the aggregated land footprint of 
all countries and regions worldwide. Moreover, linking a monetary MRIO model to 
the physical accounting approach allows for a detailed analysis of the land footprint 
for non-food products, which is the use category showing the highest growth rates 
and thus with particular policy relevance. This methodology therefore is suited to 
inform recent policy strategies focusing on the non-food use of biomass, such as 
bioeconomy strategies and initiatives launched on the national (German) and inter-
national (EU) level.

To improve the meaningfulness of such land accounting approaches, physical 
allocation models should be more detailed and apply a highly transparent supply 
and use structure. Moreover, the estimation of grassland utilization and footprints 
could be advanced by reliable estimates of extents of grassland used for grazing 
ruminant livestock, and more detailed reporting of the use of feed and fodder crops 
for specific livestock categories could replace the current estimation methods.

With regard to statistical requirements, FAO data on the production of fodder 
crops (e.g. grasses, forages and silages) have considerable improvement potential 
concerning completeness and robustness through the provision of consistent defini-
tions of the physical resources involved (i.e. arable land or pasture land). In general, 
data from the FAO are the only option to realise global calculations, despite their 
incompleteness and poor quality in a number of areas. Most importantly, differences 
in classification between national approaches and the FAO tend to cause a shift 
especially between the categories of cropland and grassland. Hence, applying an 
international accounting approach using international data sources entails the risk of 
discrepancies with national statistical sources. This problem can be overcome by 
replacing data from FAO for a specific country of interest with data from official 
national trade and agricultural statistics, thus building a single-country national 
accounts consistent (SNAC) footprint accounting model. This is a highly recom-
mendable step when implementing any kind of top-down trade and footprint model 
for monitoring or target setting purposes on the national level (Bruckner et al. 2015).

As explained earlier, a number of studies already aimed at applying approaches 
of global coverage to calculate footprint-type indicators in the area of water appro-
priation. Approaches like the one applied by Lutter et al. (2016b) used a very high 
level of detail in the area of agricultural production and managed to break down the 
results of agricultural water consumption data embodied in international trade to the 
watershed level. However, special attention should be given to a number of issues:
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 1. Data on water withdrawal and consumption on a high level of sectoral disaggre-
gation only exists for the agricultural sector. Hence, there is the need to improve 
estimations of water consumption in industrial processes. Hydropower produc-
tion has an especially large contribution (Mekonnen and Hoekstra 2011; Pfister 
et al. 2011).

 2. With regard to water statistics, mainly modelled data are available in a level of 
detail appropriate for W-MRIO application. Ideally, consumption-based indica-
tor calculations would be based on a comprehensive official dataset on water 
withdrawal and consumption on a detailed sector level. The foundations for this 
data compilation effort have been laid e.g. by the efforts of EUROSTAT to set up 
a system of water accounts (EUROSTAT 2014) which is itself based on the 
SEEA Water (United Nations 2012) or. Such a dataset would gain even more 
value if expanded by information on the precise – sub-national – spatial distribu-
tion of water requirements per industrial activity.

 3. The quality of blue water scarcity assessments would be considerably improved 
with temporal disaggregation into monthly water consumption. Existing 
approaches include the criticality dimension by assuming the number of months 
experiencing at least moderate scarcity in each year (Lutter et al. 2016b; Hoekstra 
et al. 2012) which helps to identify hotspots by combining blue water scarcity 
and consumption in a single number for each watershed.

In Europe, two policies are of particular relevance with regard to water account-
ing – the Water Framework Directive (European Parliament and Council 2000) and 
the “Blueprint to Safeguard Europe’s Water Resources” (European Commission 
2012). Both focus on the watershed as the main management unit as well as on the 
measurement not only of water quality but also of quantities. The Blueprint also 
mentions the need to consider the global aspects of water use and water manage-
ment related to European production and consumption patterns. Despite these two 
prominent policies, water statistics do not obtain too much attention in the European 
statistical system. Improving the collection of relevant water data and by that means 
increasing the availability and quality would be a prerequisite for comprehensive 
water use analyses.

4.6  Targets for Sustainable Resource Use?

The development of sound accounting frameworks for direct and indirect resource 
use is of specific relevance when it comes to the monitoring of progress towards an 
efficient, environmentally safe and socially fair use of global resources (Lutter 
2016). However, it is argued by many researchers and policy makers that simply the 
measurement of resource use will not result in political or economic action towards 
an overall reduction. In contrast, targets set a clear orientation, providing concrete 
guidance and help to prioritise actions to achieve a policy objective. If properly 
enforced and supported by an appropriate mix of policy measures, they can be a 
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powerful approach to addressing environmental issues (BIO IS et al. 2012). While 
the political discussion about specific targets on material resource use still appears 
to be somewhat languorous, scientific work has been advancing during the last 
decades.

In the case of raw materials, an important milestone was the publication of the 
Club of Rome report “Limits to growth” by Denis Meadows (Meadows and Club of 
Rome 1972), arguing that with continued trends of increasing raw material use 
humanity would soon run out of raw materials, causing at the same time irrevocable 
environmental damages. The discussion gained momentum through Schmidt-Bleek 
and colleagues from the Wuppertal Institute (for instance, von Weizsäcker et  al. 
1995, 1998; Schmidt-Bleek 1994, 1997) proposing a decrease in raw material use in 
industrialised countries by a factor of four, five or even up to ten, to stay within 
planetary boundaries and at the same time allow emerging economies to catch up 
with the “developed” world. In the following years, with regard to the identification 
of material use targets different indicators have been discussed – most prominently 
the DMC (BIO IS et  al. 2012; Dittrich et  al. 2012), RMC (Bringezu 2015), and 
TMC (Total Material Consumption; Bringezu 2011, 2015; Lettenmeier et al. 2014). 
To comprehensively calculate the DMC and RMC, methods and data exist. In con-
trast, as quantities of unused extraction are usually estimated and only available as 
averages for specific materials or countries, in the case of the TMC data availability 
is scarce (Lutter 2016).

As in the material case, so far specific water use targets have been discussed 
rather on the scientific level. This can be explained partly by the poor international 
data situation but also by the general water abundance within Europe. Having said 
that, in 2009, the European Environment Agency (EEA) proposed a target for the 
Water Exploitation Index (WEI), comparing available water resources with water 
abstractions (EEA 2010b). The EEA recommended to reduce the WEI below 20% 
until 2020 and below 10% until 2050 (EEA 2009). A Water Exploitation Index 
between 10 and 20% is considered as “low water stress”, WEI between 20 and 40% 
is indicating “stress on water resources” and above 40% represents “severe water 
stress”.

However, such recommendations tend to lose their relevance as soon as advances 
are made on the scientific level. These range from identifying the main criteria for 
target setting to designing a solid and comprehensive water accounting framework 
(United Nations 2012; Lutter forthcoming; EUROSTAT 2014). But especially with 
regard to the first aspect, coherence between the approaches of different stakehold-
ers in this area is needed to come up with one approach to identify targets for sus-
tainable water use, which can then be taken up by policy making.

Land area is increasingly exposed to growing demand by different types and 
intensities of land use. Monitoring and targeting domestic land demand requires a 
balanced share between different land use categories. Thereby, those land use cate-
gories should be preserved which have the smallest effects on land cover  – e.g. 
wilderness areas but also forests (BIO IS et al. 2012). Conversely, the expansion of 
agricultural land should be strongly limited (compare Rockström et  al. 2009 for 
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their recommendation on limiting the percentage of global land cover converted to 
cropland to 15%).

On the global level, in addition to domestic land use aspects, distributional issues 
have to be considered. For instance, Europe is characterised by favourable biogeo-
graphic conditions (climate, soils) and a high availability of productive land per 
capita. As a consequence, Europe’s demand for foreign land area (in particular pro-
ductive land such as agricultural land) should be balanced. In relation to the request 
for stabilising biomass use and limiting the EU demand for limited land resources 
to a fair share, the target for zero net-demand of foreign land is considered well- 
balanced (BIO IS et al. 2012).

Setting targets can be considered a process of balancing different interests and 
perspectives. The cases of raw materials, water and land show that policy makers 
often hesitate to opt for specific targets, before science has proposed solid and 
agreed values. However, as data, accounting methods and resulting analyses advance 
and the environmental and social impacts related to resource use increase, the iden-
tification of reachable but courageous targets is seen as a necessary step towards 
concerted and effective action for an overall reduction of the use of natural resources.
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Chapter 5   
The Critical Raw Materials Concept: 
Subjective, Multifactorial 
and Ever-Developing             

Jan Kosmol, Felix Müller, and Hermann Keßler

Abstract Criticality analysis has established itself as a multifactorial, action- 
oriented, socio-economic raw materials scarcity assessment method which is sub-
ject to continuous development. A raw material is critical when its supply is at risk 
and a company or economy is vulnerable to supply restrictions of that raw material. 
The binary labelling of raw materials as either critical or not delivers a strong mes-
sage. However, each raw material has a characteristic risk profile which may not be 
described by an aggregated criticality score and a discrete treshold value. A differ-
entiated interpretation allows for a deeper understanding of the raw material supply 
situation and for the adoption of appropriate measures. Criticality should be under-
stood as a continuum, subjective to the raw material system in question. A harmon-
ised criticality methodology presented in the industrial guideline on resource 
efficiency (VDI 4800-II) allows for a flexible application of the concept.

ÖkoRess, a research project of the German Environment Agency, examines why 
and how environmental aspects should be included into the criticality concept. A 
raw material is consequently environmentally critical if it exhibits a high overall 
environmental hazard potential and is at the same time of great importance for a 
company or economy. A high environmental hazard potential can indicate a future 
supply risk. The conclusions to be drawn, however, differ from the conclusions from 
conventional criticality analysis. Ecological criticality widens the focus to include 
measures used to foster responsible sourcing and mining practices, which until now 
have not been discussed in the context of criticality.
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5.1  Introduction

A looming raw material scarcity is a key argument in favour of making our econ-
omy and actions resource-efficient and sustainable. Humankind has been concerned 
about the depletion of geological raw material resources since the early years of 
industrialisation. Many concepts to assess the threat of a physical, absolute raw 
material scarcity have been developed since (Bardi and Randers 2014; Hubbert 
1956; Jevons 1865; May et al. 2012; Meadows and Meadows 1972; Sverdrup et al. 
2017). All these theories are based on the intuitively plausible assumption that the 
earth’s geological raw material reserves are finite, cannot be renewed within the 
reasonable human time scales and will be depleted over time. This narrative is 
reflected in the first edition of Germany’s National Sustainability Strategy (The 
Federal Government 2002, p. 93):

The Earth’s stocks of raw materials are limited. Raw materials that we consume today are 
no longer available for future generations. Prudent and efficient use of scarce resources is 
therefore a key to sustainable development. Energy consumption is a central focus in this 
respect.

The concepts to assess absolute physical scarcity have been criticised for neglect-
ing the factors describing the development of raw material supply and demand such 
as technical progress, and thus the variability of the raw material economic param-
eters “reserves” and “resources” (Giraud 2012; Rustad 2012). Criticism is directed 
in particular to the so called static lifetimes (e.g. reserves-to-production-ratios) that 
are misinterpreted as lifespans until depletion. They are raw material specific equi-
librium values that reveal information on the global mean exploration periods 
(Wellmer 2008). The fact that the reserve range of copper is around 40 years, but 
lead’s is only 20 years is not indicative of an alleged earlier exhaustion of global 
lead deposits (USGS 2016). They are not significant as a prognosis value for the 
lifetime of a material until exhaustion.

In the last 10 years, a scarcity assessment method has moved back into the focus 
of policy and science. This method does not look into the long-term depletion of 
geological resources but rather evaluates short- to medium-term availability of raw 
materials based on socio-economic drivers. The renaissance of this “criticality” can 
be explained as a response to unexpectedly strong price increases for some raw 
materials over the last decade which have largely been due to a sharp increase in 
demand from China. In addition, a growing market concentration in raw materials 
supply can be observed, for example due to high corporate and country concentra-
tion of production. Export restrictions were another reason for a strong imbalance 
in supply and demand. The criticality debate is characterised by the concern that a 
combination of various geological, technical, geopolitical and regulatory factors 
may jeopardise industrial and economic development by disruptive price rises or 
even interruptions in the supply of essential raw materials. Against this background, 
criticality analysis aims to identify the raw materials of a system (e.g. national econ-
omies, industry, enterprises) which uses them to fulfil essential functions for this 
system but whose supply is at risk. Criticality analysis enables the assessment of 
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system vulnerability in the face of supply risks of specific raw materials causing 
supply disturbances. The criticality assessment does not correspond to the charac-
terisation of total, but relative scarcities which occur when raw material demand of 
the reference system cannot be satisfied by the raw material supply in terms of time, 
space and organisation (VDI 2016).

5.2  Methods of Criticality Analysis

The work of the U.S. National Research Council (NRC 2008) and that of EU COM 
(2010) has recently directed attention to the criticality of raw materials. Both studies 
are the result of large, sovereign, interdisciplinary working groups. In their basic 
orientation, these studies still follow the tradition of national raw material commit-
tees and reports since the 1930s, where raw materials were evaluated based on their 
importance in the economic area investigated and the risk of an impaired raw mate-
rial supply (Gandenberger et  al. 2012; Paley et  al. 1952). While “significance” 
mainly implied military considerations on national security in earlier works – the 
strategic raw materials concept was also introduced in this context (Wellmer 
2012) – recent studies are motivated by economics and competitiveness.

The NRC performed pioneering methodical work and introduced a two- 
dimensional evaluation matrix based on the ISO 31000 risk analysis (Glöser et al. 
2015; ISO 2009). Its structure was followed by numerous subsequent studies, which 
can now be regarded as constitutive for the definition of raw material criticality 
(Fig. 5.1) (Coulomb et al. 2015; Erdmann and Graedel 2011; Helbig et al. 2016). In 
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this context, the impact of supply restriction of raw materials for a system consid-
ered such as a national economy (vertical axis) is related to potential raw material 
supply risks (horizontal axis). The impact of supply restriction is assessed based on 
the size of the relevant demand sectors, substitution elasticity and the particular 
significance of raw materials for future technologies.

The supply risk is again described by criteria from five different perspectives of 
primary and secondary raw material availability: geologic (abundance), technical 
(extraction and processing), environmental and societal (environmentally and soci-
etally acceptable production), political (trade policies and actions), and economic 
(production cost and willingness to pay). The two-dimensional matrix yields three 
constitutive properties of criticality: (1) Critical raw materials are those that are both 
essential in use and subject to considerable supply risk. (2) Criticality is not a state 
of being or not-being, but a location on a multi-indicator continuum. (3) Criticality 
is not universal, rather it should be considered in terms of stakeholders and time 
since the characteristics of the two axes depend on these two determinants (Buijs 
et al. 2012; Graedel et al. 2014).

While the NRC study mainly focused on methodical principles and suggestions 
for better future information management on raw material criticality, a study was 
commissioned by the EU Commission in 2010 which not only aimed at identifying 
the critical raw materials for the European economy but also identified a further 
objective for criticality analysis: application as a guiding instrument of raw material 
policy (EU COM 2010). The analysis was designed to support the EU Raw Materials 
Initiative that encompasses measures in three areas to secure sustainable access 
from outside Europe, improve framework conditions for extracting minerals within 
Europe, and promote the recycling and resource efficiency of such materials (EU 
COM 2008). The investigation is also based on a two-dimensional criticality matrix 
from supply risk and economic significance. However, an additional third dimen-
sion is presented as a test criterion that relates to environmental risk, more precisely 
the risks that measures might be taken by countries with the intention of protecting 
the environment and by doing so endangering the supply of raw materials to the 
European Union (cf. Sect 5.4). This case manifested itself only a little later when the 
People’s Republic of China, a leading producer of rare earths, announced a drastic 
reduction in production with the same justification, which, however, was seen as a 
violation of WTO law a few years later (The Guardian 2015).

As a result of EU COM (2010), 14 of 41 raw materials were evaluated as critical, 
with rare earths and the platinum metals considered as groups. The discrete list of 
critical raw materials sent out a strong message. However, the binary distinction 
between “critical” and “non-critical” counteracts the relative nature of the concept, 
i.e., a raw material is instead more or less critical than another raw material. At the 
very least, this was compensated for by the fast pace of some raw material markets 
and by the fact that reporting on critical raw materials for the EU was anchored as a 
permanent task. An update now containing 20 critical raw materials out of 54 was 
published in 2014 (EU COM 2014).

Complementing the two lead studies, a number of other economic-area-related 
criticality analyses were published simultaneously and subsequently for countries 
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and German states (Länder). The studies either delineated critical raw materials in 
the two-dimensional matrix or contained an aggregated criticality index (Erdmann 
and Graedel 2011; Faulstich et al. 2014; Helbig et al. 2016; Morley and Eatherley 
2008; Pfleger et al. 2009, 2012). Investigations have also been launched for indi-
vidual technology fields such as energy and environmental technologies (Buchert 
et al. 2009; DoE 2010; Moss et al. 2011a; Reller 2011; Zepf et al. 2014).

In order to harmonise the criticality concept for various purposes, users, time 
horizons and organisational forms, Graedel et al. (2011) proposed a uniform method 
which could be adapted according to the subject of investigation. Particular atten-
tion is given to the use of indicators in the three dimensions of vulnerability to sup-
ply restrictions, supply risks and environmental implications, for which there is a 
transparent and updated database available. The approach was tested for various 
metal groups and an extensive indicator data pool was described (Graedel et  al. 
2015; Harper et al. 2015; Nassar et al. 2011b, Nassar et al. 2015a, b).

Inspired by this groundbreaking work, an expert group at the Association of 
German Engineers (VDI) has elaborated a harmonised criticality methodology as 
part of an industrial guideline on resource efficiency (VDI 4800-II) (VDI 2016). 
The guideline allows for a universal and flexible application of the concept on dif-
ferent levels from macro- to micro-scales, i.e. countries, economies, regions, indus-
tries, branches, sectors, technologies, companies, product lines, products and 
building blocks. This method is also action-oriented because it aims to identify 
particularly critical raw materials that must be treated as a priority. It also intends to 
develop measures that enable a reference system to overcome difficult raw material 
situations without sustaining impairment and to gain a strategic competitive advan-
tage over other reference systems. Section 5.3 presents the VDI 4800 II criticality 
analysis in more detail and shows an example of its application.

5.3  Criticality Analysis According to VDI 4800 II

The two-dimensional approach clearly distinguishes between exogenous technical, 
socio-political and economic criteria that characterise the overall supply risks 
(Table 5.1) and subjective endogenous vulnerability criteria for the object in focus. 
The guideline describes vulnerability assessment for companies using indicators 
for the degree of concern and operational, tactical and strategic adjustment options. 
On the other hand, criteria and indicators of the supply risks represent a stan-
dardised approach that is applicable not only to mineral but also fossil raw materials 
and cultivation and extraction biomasses.

VDI 4800 (II) proposes three supply categories with a total of 13 criteria and 
representative indicators including scaling of value ranges (Table 5.1). The rationale 
of the respective criteria is explained below.
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5.3.1  Supply Risk: Geological, Technical and Structural 
Criteria

5.3.1.1  Static Lifetime

The ratio of reserves to global annual production is also referred to as “static life-
time”. The ratio cannot be understood as an actual lifetime, but as a measure of the 
need to expand the supply through new exploration (expansion of reserves) or sec-
ondary raw materials (Wellmer 2008). For this reason, reserves is a variable quan-
tity. The reserves for biotic raw materials should not be determined analogously 
since they are renewable raw materials. The total stock is interpreted as a reserve, 
and renewal rate is also taken into account to determine the annual production.

Table 5.1 Categories, criteria and indicators of the criticality dimension supply risk according to 
the guideline of the Association of German Engineers (VDI 4800 II) (VDI 2016)

Categories Criteria Indicator

Geological, technical 
and structural 
criteria

Static lifetime Reserves to global annual production 
ratio

Co-production/auxiliary 
production

Degree of co-production/ auxiliary 
production

Recycling Dissemination level of functional 
end-of-life recycling technologies

Logistic restrictions Economy of storage and transport
Restrictions by natural 
phenomena

Distribution level of natural deposits/
cultivation areas

Geopolitical and 
regulatory criteria

Concentration of reserves by 
country

Herfindahl-Hirschman index of 
reserves

Concentration of production 
by country

Herfindahl-Hirschman index of 
production by country

Geopolitical risks of global 
production

Political country risk

Regulatory situation for raw 
material projects

Regulatory country risk

Economic criteria Enterprise concentration of 
global production

Herfindahl-Hirschman index of 
enterprises

Global demand impulse Degree of demand increase
Substitutability Technical feasibility and economic 

efficiency of substitutes in main 
applications

Raw material price fluctuations Annualised price volatility
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5.3.1.2  Co-production/Auxiliary Production

Many metals are present in association with other materials in their ores. By-products 
are present in comparatively lower concentrations, and their availability is strongly 
or exclusively coupled to the production capacity of one or more carrier elements, 
for example, gallium in bauxite ores to aluminium production, indium to zinc pro-
duction. On the other hand, co-products have no clear carrier element. The metals 
concerned such as platinum group metals (PGM) and rare earths exist in defined 
mineralogical ratios, which require joint processing and refining to purify the indi-
vidual elements. Both in the case of auxiliary and co-products, there is a high risk 
that an increased demand cannot be served within the short and medium term. The 
extension of the supply is structurally limited by the demand for the carrier elements 
and that for further co-elements (Nassar et al. 2015a).

5.3.1.3  Recycling

Recycling is both a strategy to conserve natural resources and to expand the supply 
base of primary raw materials with secondary raw materials. The latter usually has 
a positive impact on the supply situation. The spread of recycling is determined by 
physico-chemical (properties, applications) aspects on the one hand and by economic 
and technical (markets, technologies, infrastructure) ones on the other.

5.3.1.4  Logistical Restrictions

Logistical restrictions are above all relevant for biotic raw materials, building mate-
rials and industrial minerals when it comes to pricing and thereby pose a risk to 
supply. Logistical restrictions first include transport distances e.g. from the site of 
raw material extraction or harvest to the post-processor or end user. This can apply 
to reference radii that are economically and ecologically significant depending on 
the type of transport e.g. in the case of construction minerals. Second, logistical 
restrictions also include requirements and options of storage capability.

5.3.1.5  Restrictions Imposed by Natural Phenomena

Availability of biotic raw materials can in particular be influenced by natural phenom-
ena (e.g. aridity, drought, flooding, pest infestation). Natural phenomena are short-
term, hard-to-predict and therefore non-calculable, and often regionally restricted 
events that can critically affect global raw material availability. The prevalence of 
natural deposits/cultivation areas is considered the assessment criterion. The risk 
for regional biotic raw materials whose main cultivation areas are concentrated in 
specific climate regions on certain continents is estimated to be higher than that for 
raw materials produced globally.

5 The Critical Raw Materials Concept: Subjective, Multifactorial and Ever-Developing
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5.3.2  Supply Risk: Geopolitical and Regulatory Criteria

5.3.2.1  Concentration of Reserves by Country

The risk of restrictive measures motivated by the supplier’s trade policy to exploit 
market power is rather high when the reserves are concentrated in a few countries. 
Oligopolistic supply structures may have a significant impact on the amount of raw 
materials supplied and traded globally. However, if the reserves are distributed 
among a larger number of countries, the risk is significantly lower.

5.3.2.2  Concentration of Production by Country

If certain countries have a very high share of world production of a specific raw 
material, their market power enables them to dictate trading conditions and influence 
the quantity of the raw materials traded. A concentration of production by country 
may be the consequence of a concentration of reserves by country. However, even if 
reserves are distributed among many countries, raw material production may still be 
concentrated in a small number of countries. A concentration of raw material produc-
tion can affect availability of raw materials in the short term (Buchholz et al. 2014).

5.3.2.3  Geopolitical Risks of Global Production

Access to raw materials is significantly influenced by political stability in the 
exporting countries and the regions of extraction (Kaufman et al. 2010). Prolonged 
political and military clashes in mostly repressive, undemocratic states can affect 
the availability of raw materials and lead to drastic interruptions of delivery. Raw 
material exploration and extraction can also be the driving forces for regional distri-
bution conflicts and violent clashes. These aspects are increasingly affecting raw 
material policy by encouraging the development of certification mechanisms to pre-
vent raw material shipments from conflict zones. Disclosure of systematic human 
rights violations in the producer countries can create veritable business risks in the 
added value chain by undermining corporate images and corporate social responsi-
bility strategies (CSR strategies). This criterion is assessed using the governance 
indices of Voice and Accountability and Political Stability and Absence of Violence.

5.3.2.4  Regulatory Situation for Raw Material Projects

Government policies considerably influence raw material availability even in stable 
countries where political crises and violent conflicts are absent. Economic, tax and 
environmental policy conditions exert a great influence on the intensity and extent 
of the exploration of raw materials. Mining projects normally need long-term 
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security for preparation and planning to justify large initial investments in the explo-
ration of deposits. Societal, socio-economic and ecological conflicts of interest, for 
example, due to competition of use and occupational safety conditions, but also 
corruption and obstacles to infrastructure development, can severely limit mining 
projects despite significant raw material deposits (Kaufman et al. 2010). This crite-
rion is assessed based on the governance indices of Rule of Law, Regulatory Quality, 
Control of Corruption and Government Effectiveness.

5.3.3  Supply Risk: Economic Criteria

5.3.3.1  Enterprise Concentration of Global Production

For competitive reasons, enterprises tend to expand their market shares against 
other companies to achieve economies of scale. If mining and processing enter-
prises are in the hands of a few firms, price risks are high due to their market power. 
Enterprises can significantly influence raw material supply and thus the price of raw 
materials. This applies not only to the extraction, but also to processing and refining 
in the further added value chain (Buchholz et al. 2014).

5.3.3.2  Global Demand Impulse

Population growth and economic development, especially in newly industrialising 
and developing countries, lead to significant increases in demand for a large number 
of raw materials (Schandl et  al. 2016). The issue of price increase significantly 
depends on whether the supply can be expanded to the same extent and in the same 
period as planned. The more the demand increases and the more unstable it is, the 
greater the risk of high price increases. Special price risks are associated with surges 
in technological demand such as those triggered by future and environmental 
technologies (Marscheider-Weidemann et  al. 2016). Such technologies, also 
considered as disruptive, involve rapid technological changes, large impact horizons 
in different areas of need, high economic production values and dramatic impacts 
on existing production and consumption patterns.

5.3.3.3  Substitutability

The extent to which raw materials can be substituted in their uses and applications 
is an economic criterion that affects supply risk. A substitution is to be assumed if 
the provision of a functional unit of use occurs through an at least partial exchange 
of a factor input. This can range from perfect substitutes to limitative production 
functions where substitution requires a completely new factor combination, mostly 
a new technological concept. The analysis of potential material substitutions enables 
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estimation of potential quality and functionality losses as well as additional costs at 
the raw material or material level (Tercero Espinoza et al. 2013).

5.3.3.4  Raw Material Price Volatility

Price volatility is the fluctuation range of raw material prices over a certain period 
of time. The level of price volatility is the measure of the risk of a sharp change in 
price. This concerns the danger of sharp price increases as well as a clear price drop. 
Thus, price fluctuations can be interpreted as an indicator of high supply uncertain-
ties on the raw material markets. The higher the price fluctuations, the stronger the 
restriction in planning security of systems (Mauss and Posch 2014).

5.3.4  Interpretation of the Results Using Phosphate as a Case 
Study

In the following, the application of the method according to VDI 4800 II is pre-
sented using phosphate as a case study.

5.3.4.1  Vulnerability

Phosphorus is an essential element for all forms of life and of existential importance 
for mankind’s food supply. All agricultural production depends on sufficient phos-
phate supply. The possibility of substitution by other materials for phosphate does 
not exist in standard agricultural practice. However, this does not mean that the 
vulnerability of a system considered must per se be very high.

Vulnerability depends on the degree to which the system considered or stake-
holders are affected by restricted availability and on their capability to react to 
reduce demand for supply and extract phosphorus from secure or alternative sources. 
For example, vulnerability may be high to very high for an entirely import- dependent 
economy [A] depending on whether or not phosphorus recovery structures exist, 
e.g. from wastewater, sewage sludge, incinerator ash, manure and animal meal.

Even if the degree of threat of an exporting country e.g. Morocco with its own 
primary production [B] is theoretically equally high because of agricultural interest, 
vulnerability is low because of its own reserves. Likewise, vulnerability for a farm 
[C] will be high depending on the diversification of production. In other sectors 
with technical phosphate applications, e.g. surface finishing, the degree of threat 
can also be very high but vulnerability still moderate, thanks to alternative methods 
or hedging instruments in the procurement process [D] (Fig. 5.3).
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5.3.4.2  Supply Risk

Applying the above described assessment criteria on phosphate results in this 
broadly diversified characteristic supply risk profile (Fig. 5.2).

5.3.4.3  Interpretation

If aggregation is planned, a discrete value results for the dimension of supply risk. 
When an arithmetic mean and a scale of zero to one are used, 0.43 is obtained for 
phosphorus, where particularly problematic aspects (substitution, concentrations by 
country, recycling) have been levelled. However, the degressive addition method pro-
posed by VDI 4800 II is rather different: it weights higher risks more strongly and a 
result of 0.81 is obtained, which suggests very high risks. Such a weighting is helpful 
in fulfilling an early warning function in multi-raw-material systems (VDI 2016).

Figure 5.3 shows the results in a matrix. It is clear that, given the same risk, the 
selection of the aggregation method contributes decisively to the localisation of 
phosphate in the more or less critical areas. Also, different vulnerabilities indicate 
the subjectivity of the concept: the configuration of the investigated system, its 
individual degree of threat and action alternatives become of prime significance.

However, the disaggregated level must be taken into consideration if targeted 
measures for the reduction of vulnerability based on criticality analysis are to 
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be performed. This is because measures are generally taken in response to specific 
aspects of supply risk.

5.4  Further Development of the Environmental Dimension

5.4.1  Environmental Aspects – Why Should They Be Taken 
into Account? The Environmental Availability of Raw 
Materials

A focus of the current works on further development of the criticality concept and 
its methods of analysis is the consideration of environmental aspects in criticality 
analyses. Environmental aspects in studies of the renaissance of criticality analysis 
since 2008 were addressed in varying degrees and in various ways (cf. Sect 5.2) 
based mostly on the estimation that impacts of raw material extraction on the 
environment and subsequent societal reactions have significant and increasing 
effects on the availability of raw materials. The NRC identified in its study on critical 
raw materials for the US economy of 2008 “environmental and social availability” 
as one of five dimensions of availability for raw materials. This evaluation is 
described in the study with examples of conflicts with the local population through 
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environmental impacts and land use competitions, however not with operationalised 
indicators in the criticality analysis (NRC 2008).

This logic, according to which the social reaction to environmental impacts 
could negatively affect the supply of raw materials and thus the supply situation, is 
found also in the first study of the European Commission on critical raw materials, 
published in 2010 (EU COM 2010, p. 32):

Defining the criticality: To qualify as critical, a raw material must face high risks with 
regard to access to it, i.e. high supply risks or high environmental risks, and be of high 
economic importance.

In addition to the supply risk aggregated indicator, an aggregated indicator to the 
“Environmental Country Risk” was developed that was juxtaposed with the eco-
nomic importance for the EU economy in order to analyse the criticality. This envi-
ronmental governance indicator should depict for each raw material the potential 
that a raw-material-producing country adopts environmental policies that could 
limit the access to deposits or the supply of raw materials (EU COM 2010, p. 5):

Two types of risks are considered: a) the ‘supply risk’ […] and b) the ‘environmental coun-
try risk’ assessing the potential for environmental measures that may restrain access to 
deposits or the supply of raw materials.

The German Environment Agency communicated, in the public consultation of 
the report, criticism of possible raw materials policy conclusions that could be 
drawn from this analysis (UBA 2010, p. 1):

This interpretation of environmental risks must not create an EU interest to keep environ-
mental standards of raw material exporting countries on a low level. An enduring raw mate-
rial supply, also for future generations in the sense of a sustainable materials management 
needs sound environmental standards world-wide.

Apart from the conclusions that are undesirable from the environmental policy 
point of view, the indicator describes quite well the phenomenon that was identified 
by NRC (2008) as “environmental availability”: socially undesirable effects of min-
ing activities on the environment can cause a social reaction that can lead to the 
polluter being burdened with the costs for the damage to ecosystems and human 
health, in that he/she is obligated to take measures to avoid these undesirable effects. 
In this way the production costs can rise and lead to a decrease in the economically 
and technically recoverable share of a deposit, the so-called reserves. They can also 
lead to investors’ decisions on an investment in a mine project being dependent on 
the environmental hazard potential and on the environmental standards in force at 
the site. High environmental standards can make the exploitation of new deposits 
more expensive or even unprofitable. This can also lead to a relocation of produc-
tion of raw materials from minerals containing pollutants to countries with weaker 
environmental governance.

Therefore the higher the environmental hazard potential of extraction of a raw 
material and the weaker the environmental governance in a producing country, the 
higher the probability that there will be in the future a scarcity in the supply of raw 
materials through a tightening of environmental standards. In addition to geological, 
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technical and socio-political factors, the availability of raw materials is conse-
quently also influenced by environmental factors. The raw-material markets react 
first however to this “new scarcity” when the environmental factors become eco-
nomic factors through effectively implemented environmental standards. Herein 
lies a difference to the supply risk indicators in the relevant criticality analyses, as 
for example the concentration of production by country, which describe the current 
situation and thereby directly depict an increased probability for price surges or 
even interruptions of the raw material supply. The commodity-related environmen-
tal hazard potential as a scarcity indicator is linked on the other hand to an expected 
trend. Environmental hazard potentials only indicate a supply risk in the real econ-
omy when one assumes an increasing internalisation of external costs through vol-
untary or compulsory environmental standards. According to current evaluations by 
various experts, this expectation is entirely plausible (Angerer et al. 2016; Birshan 
et al. 2015; ICMM 2012).

5.4.2  Environmental Aspects – How Should They Be Taken 
into Account? The ÖkoRess Methodology 
for Environmental Hazard Potentials

The significance of externalities for the analysis of raw material criticality is also a 
subject of discussion in a current study of the OECD, however without being opera-
tionalised in the selected method of evaluation (Coulomb et al. 2015). Environmental 
hazard potentials on the basis of lifecycle inventory data and end point models are 
considered in various works on raw material criticality (Buchert et al. 2017; Graedel 
et  al. 2011; Graedel et  al. 2015). However, the extent to which available life cycle 
inventory data can fully map the relevant environmental hazard potentials of mining 
and, characteristically, of global raw material production, must be critically checked. 
Current studies on the environmental hazard potentials of raw material extraction from 
mines indicate that the impacts of the mining and processing of extracted raw materials 
reflect poorly or even not at all in the relevant lifecycle inventory data (Dehoust et al. 
2017a, b; International Institute for Industrial Environmental Economics (IEEE) 2016). 
This applies for example to the case of acidification and heavy metal mobilisation 
due to auto-oxidation of mineral processing residues (Acid Mine Drainage), the risk 
of tailings dam failure or penetration of mining into protected areas.

In order to fill in these gaps in the environmental analysis of raw materials, the 
German Environment Agency has commissioned a research project (ÖkoRess) with 
the purpose of developing a methodology for assessing environmental hazard poten-
tials of abiotic raw materials (Dehoust et al. 2017a). The analysis methodology is 
outlined below.

Acknowledging the variability and complexity of environmental challenges in 
the mining sector, a bottom-up approach was chosen and a site-specific analysis 
method was developed based on 40 case studies on mining projects world-wide. 
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The case studies indicated that the environmental impacts of raw material extraction 
depend significantly on

• geological conditions (e.g. geochemical composition),
• the mining and processing technology deployed (e.g. open-pit mining/under-

ground mining, type of ore processing),
• as well as the environmental/locational factors (water stress, natural risk of inci-

dents, ecosystem sensitivity).

Based on these findings, an evaluation grid with 11 indicators was developed 
with each one assigned to an environmental objective (e.g. avoidance of hazardous 
emissions). Each indicator is analysed based on measuring instructions with diverse 
handouts on a three-stage scale so that even without detailed data a multifactorial 
environmental hazard profile of mining projects can be generated in order to obtain 
an initial assessment.

Based on this, a commodity-related analysis approach was developed with the 
goal of establishing a basis for the analysis of the above-described “environmental 
availability of raw materials” and to achieve a contribution to the further develop-
ment of criticality metrics. The analysis refers  – unlike in life cycle assessment 
(LCA) – not to a unit of mass of a raw material or a basic material, but by analogy 
with supply risk analysis to the world production of a raw material or a basic mate-
rial. This has the advantage that environmental hazard potentials are assessed also 
in terms of their global magnitude, but brings with it the disadvantage that no com-
parison is possible of the defined quantities of raw materials and that the analysis 
results cannot be used for the life cycle assessment according to ISO 14040 (ISO 
2006). The claim to depict the current situation of the world production of each raw 
material puts particular requirements on the analysis because there is no recourse to 
comprehensive statistics for the totality of all producing mines.

In all three assessment levels generalisations are possible and acceptable, know-
ing full well that there can also be exceptions to the rule for some raw materials. 
Nevertheless, typical types of deposits and conditions of formation can be gleaned 
for each raw material from the technical literature related to deposits, from which 
commodity-related, geological environmental hazard potentials can be deduced, 
e.g. potential for Acid Mine Drainage or the release of heavy metals and radionu-
clides. Commodity-related generalisations in the area of mining and processing 
technology are likewise possible based on the standard methodology documented in 
technical literature on mining engineering. Comparable deposits are mined and 
their products processed using comparable technology on the basis of the world- 
wide competition in the mining sector. In such a manner it can for example be 
determined for each raw material whether it is mined predominantly underground 
or in open pits or whether chemical auxiliary agents are used during the ore process-
ing from which a technology-related environmental hazard potential can be derived. 
The analysis assumes that with site-specific characteristics the environmental 
 hazard potential depends strongly on local conditions. In this manner, for example, 
incidents (e.g. dam failures) due to natural phenomena are more likely in areas with 
an elevated risk of earthquakes, floodings or landslides. Usage competitions for 
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water are more likely in areas with high water stress and the damage to sensitive 
ecosystems is more likely if mining occurs in protected areas. In contrast to the 
other analysis levels, the environmental hazard potential can be assessed on the 
basis of a statistical evaluation by means of databases on the world-wide geographi-
cal distribution of deposits, country-related extraction volumes and geodata on 
water stress, protected areas and risk of failure through extreme natural events 
(Dehoust et al. 2017a).

The overview of the low, medium or high environmental hazard potentials in the 
evaluation grid for each of the 11 indicators determined (Table 5.2) permits it to 
assess how high the probability is of its occurrence and the extent of its negative 
environmental impacts for extraction and processing of a raw material (Dehoust 
et al. 2017a).

5.4.3  Aggregation/Merger

Criticality analyses in accordance with the matrix concept work with aggregated 
indicators for the vulnerability and supply risk dimensions (cf. Sects. 5.3 and 5.4). 
In order for the analysis of the environmental hazard potential to apply to criticality 
analyses, a merger is required accordingly of the 11 individual results of a raw 

Table 5.2 Commodity-related environmental hazard potentials evaluation grid (Dehoust et  al. 
2017a)

Goal Indicator

Geology Avoidance of contamination risk 1. Requirements for Acid Mine 
Drainage (AMD)
2. Associated heavy metals
3. Associated radioactive substances

Technology Limitation of the intervention in a 
natural environment

4. Extraction methods

Avoidance of contamination risk 5. Application of auxiliary agents
Natural 
environment

Avoidance of risk of incidents relative 
to nature

6. Risk of incidents through floodings, 
earthquakes, storms, landslides

Avoidance of water-usage competition 7. Water stress index, WSIand desert 
areas

Protection/preservation of high-quality 
ecosystems

8. Identified protected areas and AZE 
sites

Social 
environment

Implementation of standards 9. Environmental governance in the 
most important producing countries

Value chain Limitation to the total extent of 
interventions

10. Cumulative raw material demand 
of world production (CRDglobal)

Limitation to the primary energy 
demand

11. Cumulative energy demand of 
world production (CEDglobal)
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material-specific environmental hazard profile to a qualitative or quantitative overall 
result.

An aggregation does indeed elevate the communicability and political applica-
bility of the results but is inevitably associated with a loss of information and the 
application of subjective value judgments. Because the analysis of the individual 
indicators, except for indicators 10 and 11 that serve as scaling parameters for the 
magnitude of the environmental impacts, do not already occur on an ordinal scale, 
a method for the qualitative merger of the results was developed that also generates 
a three-stage ordinally scaled overall result for reasons of a preferably extensive 
scientific objectivity of the results.

This method is based on a method proposed by the German Environment Agency 
in 1999 on impact analysis in life cycle assessment, which is presently being revised 
(Schmitz and Paulini 1999): For this purpose the indicators are grouped at first 
according to common environmental objectives, such as e.g. avoidance of contami-
nation risk and the so-called influential frame conditions (e.g. raw material extrac-
tion in the Arctic) and the analyses are merged according to specified rules. The 
environmental objectives are thereby arranged hierarchically according to their 
environmental significance. The evaluations of Rockström et al. on exceeding plan-
etary boundaries are thereby used as standards (Rockström et al. 2009; Steffen et al. 
2015). Finally, the merged environmental hazard potential for three environmental 
objectives and the merged influential frame conditions lead to a classification of raw 
materials according to an overall environmental hazard potential that can be repre-
sented as an independent dimension of criticality in line with an environmental 
availability of raw materials to picture the environmental criticality (Fig. 5.4).

5.5  Conclusion

Criticality analysis has established itself as a multi-layered and complex, action- 
oriented socio-economic raw materials assessment method to deal with scarcities 
(VDI 2016). The first studies that correspond to today’s logic of criticality analysis 
were motivated by a raw material security policy and date back to the 1970s with the 
basics dating back even to the 1930s (Buijs et al. 2012; Gandenberger et al. 2012). 
Numerous new criticality metrics have been developed since 2008 (cf. Sect. 5.2). 
Various raw materials are classified as critical depending on the criteria used within 
the metrics, reference systems and up-to-datedness of the analyses. In the trend of 
studies, raw materials for environmental and future technologies are classified as 
particularly critical. These include, for example, essential raw materials for thin- 
film photovoltaic technologies such as indium, tellurium, gallium or germanium. In 
addition to special metals, precious metals such as platinum, rhodium and gold, or 
refractory metals required in significantly larger amounts such as tungsten, molybde-
num, tantalum, niobium and chromium are also classified as critical. The labelling 
of discrete critical raw materials delivers a strong message. However, each raw 
material has a characteristic risk profile as pointed out for the case of phosphate 
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rock (cf. Sect. 5.3). These aspects are not described by an aggregated, weighted 
reduction to a discrete criticality threshold value. A differentiated interpretation of 
the individual indicators not only allows for a deeper understanding of the raw 
material supply situation but also for the adoption of appropriate measures to over-
come tough supply situations. Criticality of raw materials therefore should be 
understood as a continuum, subjective to raw material systems in question. A har-
monised criticality methodology recently presented in the industrial guideline on 
resource efficiency (VDI 4800-II) allows for a flexible application of the concept for 
various practitioners on different levels from macro- to micro-scales (VDI 2016).

The criticality concept is subject to a continuous development that reflects the 
manifold challenges of a safe and more sustainable raw material supply over time 
(Walz et al. 2016). A focus of the current works on the further development of the 
criticality concept is the consideration of environmental aspects (cf. Sect. 5.4). A 
raw material is consequently environmentally critical if it exhibits a high overall 
environmental hazard potential and is at the same time of great importance for the 
raw material use reference system and this system would therefore be particularly 
vulnerable to a manifestation of environmental hazard potentials (Fig. 5.4).

Even though a high environmental hazard potential can indicate a future supply 
risk through globally increasing environmental standards in the mining sector (cf. 
Sect. 5.4), the conclusions to be drawn differ in part from those of a conventional 
criticality analysis (Graedel et al. 2014). This is mainly because environmental and 
development policy goals must not be jeopardized. Increasing material efficiency 
and recycling are options that can help to increase supply security as well as decrease 
environmental pressure. The ÖkoRess method, however, does not allow to derive 
substitution measures for various reasons: Substituting a raw material with higher 
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ecological criticality with a raw material with lower ecological criticality can lead 
to a ban of raw materials from developing countries with weak environmental gov-
ernance, which is undesirable from a development policy perspective. Furthermore, 
an assessment of the environmental effects of raw material substitution requires an 
analysis along the entire product life-cycle using quantitative life-cycle-inventory 
data relating to a mass unit of material. Warehousing operations of environmental 
critical raw materials or entering into long term supply contracts would be options 
to increase supply security but might jeopardize environmental policy goals.

Despite its relevance as an indicator for future scarcities, an elevated ecological 
criticality indicates a higher probability for serious environmental impacts and sub-
sequent conflicts for raw materials upon which companies or economies depend. 
Therefore, the focus is widened to measures in the areas of Corporate Social 
Responsibility (CSR) and sustainable supply chain management, which until now 
were not discussed in the context of criticality. Possible courses of action include 
the application of due diligence and certification schemes as well as direct engage-
ment of downstream countries and companies with upstream raw material produc-
ers in order to foster responsible mining practices. Environmental criticality can be 
seen in this sense as a tool for the prioritisation of starting points for private sector 
or government measures for the strengthening of entrepreneurial responsibility in 
the raw materials supply chain (Fairphone 2017).

Disclaimer This paper does not necessarily reflect the opinion or the policies of the German 
Federal Environment Agency.
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Chapter 6
Equitable, Just Access to Natural Resources: 
Environmental Narratives during Worsening 
Climate Crises

Patrick Bond

Abstract The emergence of distinct resource management narratives—based on 
principles, analysis, strategies, tactics and alliances—is a natural signal of a matur-
ing field. The speed of this process has been hastened since the 1990s thanks to 
concern about climate change. What had existed as a relatively minor area of envi-
ronmental economics that can be termed ‘ecological modernisation’ suddenly was 
put into practice—e.g. in water commoditisation and carbon markets—by the time 
of the 2002 World Summit on Sustainable Development. Simultaneously a dis-
course about society-nature relations known as environmental justice emerged as a 
result of differential race impacts of pollution. By the 2000s, this approach had also 
given birth to ‘climate justice’ politics. The divergences associated with these argu-
ments are evident in global climate governance, where the 2015 Paris Climate 
Agreement and G7 deal a few months prior reveal very different standpoints. Now 
the Trump regime’s withdrawal from international obligations amplifies why a new 
approach that reconciles the ecological modernisation, sustainable development and 
climate justice perspectives is vital. One useful case is the gradual adoption of ‘nat-
ural capital accounting’ techniques, which in Africa should justify an anti- extractivist 
politics. The bottom line, though, is that the current neoliberal regime which relies 
upon market signals is not appropriate for natural resource management, especially 
in addressing the most vital problem: climate change.
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6.1  Introduction

Never before has the struggle over access to natural resources been as urgent, as at 
present, what with climate-related crises emerging and leaving behind vast swathes 
of environmental and social destruction. Water is the most obvious, given the acute 
droughts and heat waves that swept southern Africa in 2015–2016 and remain in 
east Africa. These events led to thousands of human and non-human fatalities in the 
Horn from Kenya to Somalia to Sudan and Ethiopia, not to mention Chile, India and 
California (where an estimated 100 million trees died). But such droughts—
followed in some cases by extreme storms and flooding whose run-off is amplified 
by the baked ground—are increasingly common. Rising sea levels, shrinking 
polar ice cover, ocean acidification, massive methane emissions from tundra, coral 
bleaching and so many other manifestations of the climate crisis populate our daily 
news reports.

For the sake of equitable, just access to resources—sustainably conserved as if 
generational stewardship mattered—these crises compel a much more serious 
world-scale examination of the historic responsibility for ecological damage. 
Mitigation, adaptation and—in some ways most importantly as an unresolved 
conflict—compensation should be the urgent tasks of those who have benefited 
thanks to the over-consumption of fossil fuels. Indeed, the natural resources that 
society most desperately needs to restrict access to, while at the same time radically 
improving access to in poor societies, are fossil fuels. As climate activists properly 
insist, ‘leave the oil under the soil, the coal in the hole, the tar-sand in the land and 
the fracking shale gas under the grass!’

The word ‘Anthropocene’ has come into vogue to indicate humankind’s destruc-
tive role in changing our physical terrain at the global scale. Some blame anthropo-
morphic experiences entirely, a very tempting strategy at the scale of the individual 
human being, in view of the rise of Donald Trump (2016) and his ‘America First 
Energy Plan’:

We’re going to rescind all the job-destroying Obama executive actions including the 
Climate Action Plan… We’re going to save the coal industry [and] Keystone Pipeline. 
We’re going to lift moratoriums on energy production in federal areas. We’re going to 
revoke policies that impose unwarranted restrictions on new drilling technologies… We’re 
going to cancel the Paris Climate Agreement and stop all payments of US tax dollars to UN 
global warming programs.

But a more scientific way to frame the damage which Trump’s fossil-fuel allies 
and financiers—and also their neoliberal opponents—are imposing on the planet is 
the ‘Capitalocene’ as Jason Moore (2013) puts it. For this is not simply a maniacal 
climate denialist at work; the entire system—world capitalism—externalises the 
costs of production wherever possible. The standard orthodox remedy is the ‘inter-
nalisation of those externalities,’ typically through a taxation system that should 
provide a disincentive to pollution or other eco-social costs. But from the standpoint 
of fair resource allocation, dilemmas of efficiency, tax incidence and tax-price elas-
ticity immediately arise:
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• will a fix such as a carbon tax allocate the polluting activities efficiently?;
• will the tax be passed along to consumers without affecting the polluter’s balance 

sheet?;
• if the balance sheet is affected, what level of penalty will compel a change?; and
• will that change be simply incremental (merely adjusting the existing system at 

the margins) or could it be transformational (e.g. a shift to an entirely new pro-
duction or emissions regime)?

The contestation of such narratives is increasingly vital, in the wake of the British 
electorate’s rejection of the European Union and the US electorate’s curious selec-
tion of Trump as President of the United States, and with right-wing movements in 
other European countries (and Turkey, Hungary, the Philippines and other sites) also 
now becoming a collective threat to human survival. These right-wing risings fur-
ther signal limits to the global-scale strategies of neoliberalism, which have allowed 
right-populist narratives a new lease on life. But in the same breath, the contradic-
tions have also given birth to genuine countervailing politics from the left, now 
imminent in the rising ferment of mass protest. Yet the right-wing version of popu-
lism has the initiative in part because a unifying narrative, which the left is still 
lacking. (Such a narrative, I argue below, must tackle the question of access to 
resources by grappling honestly with the legacies of ecological modernisation and 
sustainable development.)

Next, one must overlay upon extremely divergent and dangerous political ten-
dencies the failure of global governance, especially in relation to nature. The 
impression exists in much of the world that a viable global governance arrange-
ment was achieved in Paris in December 2015, as a result of a supposedly inclusive 
process leading to the deal, including the 2015 G7 conference in Elmau and two 
prior path-breaking world climate summits: Copenhagen (2009) and Durban 
(2011). Irrevocable steps were (allegedly) being taken toward economic decar-
bonisation, so as to save the planet from catastrophic climate change and solve this 
aspect of the broader crisis of social reproduction. The reforms would come from 
within, ‘bottom- up’ in the case of each country’s voluntary ‘Intended Nationally 
Determined Contributions’ (INDCs) for the mitigation of greenhouse gas emis-
sions, with wildly unrealistic objectives for limiting temperature rise to 1.5° but no 
realistic way to do so.

Opposing this elite consensus, one of the most visible International Non- 
Governmental Organisations (INGOs), Friends of the Earth International (2015), as 
well as most of what are considered climate justice (CJ) movement components, 
condemned what they regard as decaying global climate governance. However, 
given the power balance prevailing in Paris, such opposition made no difference 
whatsoever, and so several debilitating features of the neoliberal strategy were 
locked in as a result:

• no legally-binding responsibilities and no accountability mechanisms;
• inadequate stated aspirations for lowering global temperatures (the INDCs would 

leave the earth 3° warmer) (Intergovernmental Panel on Climate Change 2015);
• no liabilities for past greenhouse gas emissions (hence an unpaid ‘climate debt’);
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• renewed opportunities to game the emissions-reduction system through state- 
subsidised carbon trading and offsets (soon moving from the European Union 
and North America to the emerging markets led by China); and

• a pass given to emissions emanating from the military, air transport and 
shipping.

These are fatal flaws. But in any case, it appears that Trump will scuttle Paris, by 
backing out to the benefit of US-based polluters—whether formally by leaving the 
United Nations Framework Convention on Climate Change (UNFCCC) or infor-
mally by simply not complying with promised emissions cuts. The CJ answer to 
both Trump and the top-down policy regime—one overwhelmingly favourable to 
the United States, from where the strategy emanated—appears to be two-fold: an 
intensification of bottom-up strategies that aim to weaken GHG-emitting state and 
corporate targets through both direct action (disruptions) and financial divestment. 
Activists can at least take heart from a November 2016 poll by Yale and George 
Mason Universities (2016) which found that 69% of US registered voters endorsed 
Paris (only 13% were opposed) and 78% supported taxes or regulations against 
greenhouse gas emissions (with 10% opposed).

If Trump keeps his promise to abrogate US participation in the overarching UN 
climate convention, the CJ strategy appears prescient: to undo the damage at local 
and national scales in the process of accumulating sufficient power to go global. This 
strategy was witnessed in the last prior successful attack on global neoliberalism: the 
acquisition of generically-produced AIDS medicines, achievable in a just manner 
only when in 2001 intellectual property protections were removed at the World Trade 
Organisation’s Doha ministerial summit. Extraordinary increases in life expectancy 
resulted, e.g., in South Africa from 52 years in 2004 to 62 years in 2015.

For the foreseeable future, to be sure, the global balance of forces appears 
extremely adverse—especially with the general rise of right-wing populism within 
neoliberal austerity, and the decline of the Latin American centre-left regimes—and 
so contrary to Paris propaganda, no system-saving change appears possible at that 
scale. This adverse situation for global reformism may therefore permit a decisive 
shift of orientation by INGOs towards the CJ approach, especially because of the 
potential for unity against Trump at sites like Standing Rock, North Dakota and the 
April 29, 2017 mass mobilisation on climate in Washington, DC. Not only CJ activ-
ists, but INGOs such as Greenpeace and 350.org have taken up direct action and 
divestment strategies, respectively, during this rapidly-closing window to address 
climate change and related eco-system breakdowns effectively and fairly.

6.2  Intersectional Climate Politics

To achieve justice in resource distribution will require unprecedented alliances. The 
most acute case is climate change. ‘This changes everything’, as Naomi Klein (2014) 
puts it. Intersectional linkages have become even more vital during the presidency of 
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Donald Trump, just after the British electorate’s rejection of the European Union; 
these events and others to come confirm the demise of global governance, especially 
in relation to climate policy. With that comes the certainty of runaway climate 
change. The political turn of 2016 sets the stage not only for similar right- wing popu-
list movements gathering pace in Europe, joining dangerous authoritarian leaders in 
Turkey, Hungary and the Philippines, but also an excuse for worsening pollution 
from the Brazil, Russia, India, China and South Africa (BRICS) bloc.

What can be done? Is the new political situation appropriate for renewed atten-
tion to social-movement resistance, especially in the form of CJ? After all, the elite 
strategy associated with climate policy gambles at the June 2015 G7 Summit hosted 
by Angela Merkel in Elmau and later that year in Paris at the UNFCCC climate 
conference would attempt to change the trajectory of the world. But this was not due 
to decisive action, but rather the opposite: failure to grapple with climate change as 
an existential crisis for humanity (Bond 2016). In both sites, the assembled world 
leaders’ economic, geopolitical, technical, ideological and media powers were dedi-
cated to what they presumed was an irreversible, logical proposition: marginal, 
market-driven changes augmented by a slight degree of state regulatory assistance 
and technological breakthroughs will decarbonise the world’s energy, land- 
transport and production systems, and also protect forests.

Moreover, nothing of substance was offered at either summit to reduce climate 
change caused by air transport, shipping, the military, corporate agriculture, over- 
consumption and methane-intensive disposal sources. The self-confidence of those 
signing the Paris Climate Agreement was a reflection of how far from reality global 
climate governance had roamed—and how quickly they would be given an unprec-
edented reality check. The flaws in the elites’ logic would lead to two reactions: an 
initial leftist critique of the Paris Agreement’s reliance upon capitalism’s self- 
correction mechanisms and hence the downplaying of climate justice, on the one 
hand; and then, on the other, a revival of climate denialism along with the rise of 
extreme petro-military complex power within the country most guilty of historic 
greenhouse gas pollution. Starting at Copenhagen’s 15th UNFCCC Conference of 
the Parties (COP) in 2009 and gaining momentum in Durban 2 years later (Bond 
2012b), the US State Department’s chief climate negotiator, Todd Stern, success-
fully drove the UN negotiations away from the four essential principles that will be 
required in a future global governance regime to achieve climate justice:

• ensuring emissions-cut commitments are sufficient to halt runaway climate 
change;

• making the cuts legally binding with accountability mechanisms;
• distributing the burden of cuts fairly based on responsibility for causing the cri-

sis; and
• offering adequate financial compensation to repair weather-related ‘loss and 

damage’ occurring directly because of that historic liability (Bond 2012a).

Then in 2015, the Elmau G7 goal was set: ‘net zero carbon emissions’ by 2100, 
50 years too late. And instead of full decarbonisation, the G7 endorsed ‘net’ strate-
gies (these are based not on direct cuts but instead on offsets, emissions trading, 
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‘Reducing Emissions through Deforestation and Forest Degradation’ known as 
REDD and carbon sequestration) (Reyes 2015). As for the rest of the world, includ-
ing the high-pollution emerging markets—especially the BRICS—the so-called 
‘bottom up’ pledge-and-review strategy that Stern imposed in Copenhagen was 
once again endorsed by the major new emitters (Brazil, South Africa, India and 
China—termed the ‘Basic’ countries in 2009). Six months after Elmau, at the 
COP21, the ‘Intended Nationally Determined Contributions’—i.e. voluntary 
pledged cuts—agreed upon by Paris signatories were so low that even if achieved, 
they would collectively raise the temperature for 2100 to above 3°, likely catalysing 
runaway climate change (Bond 2016).

Given the extreme dangers to civilisation and planet Earth’s species represented 
by Trump regression and by the Paris and Elmau deals, it is vital that a civil society 
movement aimed at world policy-makers emerges more forcefully, and that such a 
movement prevails against both climate denialism and the Paris climate policy 
within the next decade at the latest. But how will this counter-movement arise? The 
critical question is whether either or both forces will muster the oppositional power 
necessary to reverse Trump’s petro-military politics and the ‘marketisation’ of cli-
mate policy. Can global civil society generate the second part of Karl Polanyi’s 
‘double movement’, corresponding to Burawoy’s (2013) update of Polanyi (albeit 
Western-centric yet still conceptually valuable)? If not, both the Trump withdrawal 
from climate governance and the gambles made in Elmau and Paris will likely result 
in ecological catastrophe for as climate scientists point out, greenhouse gas emis-
sions lag times mean that market reactions are too little, too late.

How might INGOs or CJs or some combination move the world economy and 
society off the current trajectory? As shown below, civil society forces currently 
appear bogged down in interminable conflict over principles, analysis, strategies, 
tactics and alliances (the ‘pasta’ problem). The former include the most active 
Climate Action Network (CAN) members—Worldwide Fund for Nature (WWF) 
and Greenpeace  (2015)—but also one notable self-exiled group from CAN, the 
environmental justice movement, Friends of the Earth International (FOEI), which 
typically allies closely with grassroots movements. The INGOs are much more 
open to alliances with politicians and in some cases corporations and green business 
federations. And to make matters more complicated, the leaders of the CAN’s US 
chapter have embraced climate justice with gusto. The two most savvy INGOs, 350.
org and Avaaz, have become known largely through highly creative social media 
campaigning, and some—like 350.org’s Bill McKibben, Greenpeace International’s 
2009–2015 director Kumi Naidoo and Greenpeace USA’s Annie Leonard—have 
well-recognised, visionary leadership. In contrast, CJ groups are committed to 
global critique but essentially local-level solutions, to militant strategies and to 
‘direct action’ tactics described by their best-known proponent, Klein (2014), as 
‘Blockadia’. To the extent they tackle corporate power at its financial Achilles Heel, 
they support the divestment strategy catalysed by 350.org. But their strength, espe-
cially in the wake of Paris, is in the use of a disruptive repertoire to defend land, 
water and air against polluters.
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The peak moment of Blockadia was probably the defence of North Dakota Treaty 
Land that the Dakota people had won generations ago, and that is now threatened by 
the Dakota Access Pipe Line (DAPL). At Standing Rock, popular opposition to 
DAPL in late 2016 was formidable, and Barack Obama’s Army Corps of Engineers 
backed down. In February 2017, however, DAPL opponents were routed by the 
Trump regime and forced to leave the land. The anti-DAPL movement had carefully 
shaped their narrative to highlight water and land protection, as well as the spiritual 
identity of Native Americans, and hence their politics fused social protection and 
emancipation.

6.3  Climate Justice Contested

Blockadia activists (depending upon circumstances) point out how the success of 
their local battles against oil, gas, coal and major greenhouse gas emitters will also 
benefit humankind and the planet. But the local climate activist movement is so 
broad—as witnessed in the diversity of signs that appeared at the 400,000-strong 
New York Peoples March on Climate in September 2014—that all manner of inter-
ventions qualify as climate activism (Klein 2013). However, an authentic CJ nomen-
clature relies in part upon the Climate Justice Now! network’s 2007 launch at the 
Bali COP13 (in opposition to CAN which was seen as too market-oriented). There 
were five founding principles:

• reduced consumption;
• huge financial transfers from North to South based on historical responsibility 

and ecological debt for adaptation and mitigation costs paid for by redirecting 
military budgets, innovative taxes and debt cancellation;

• leaving fossil fuels in the ground and investing in appropriate energy-efficiency 
and safe, clean and community-led renewable energy;

• rights-based resource conservation that enforces indigenous land rights and 
promotes peoples’ sovereignty over energy, forests, land and water; and

• sustainable family farming, fishing and peoples’ food sovereignty.

Some high-profile climate advocates—such as Mary Robinson (a supporter of 
carbon trading)—soon appropriated the CJ concept for use in a manner inconsistent 
with these demands, and other strategies for equity also came into dispute. 
Proponents of Greenhouse Gas Development Rights and ‘Contraction and 
Convergence’ approaches also advocated the sale of surpluses on the markets (such 
as Russia’s ‘Hot Air’ emissions rights under the Kyoto Protocol), which has the 
tendency to turn a ceiling into a floor. Other concepts such as Common but 
Differentiated Responsibilities between national states and Converging Per Capita 
Emissions were, however, in the spirit of CJ as defined in Cochabamba. Most 
importantly, as Edgardo Lander (2010) explained in his review, the Cochabamba 
approach to CJ brought together the main contemporary struggles: ‘justice/equality/
war/militarisation, free trade, food sovereignty, agribusiness, peasants’ rights, struggles 
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against patriarchy, defence of indigenous peoples’ rights, migration, the critique of 
the dominant Eurocentric/colonial patterns of knowledge, as well as struggles for 
democracy.’

The stereotypical premise here is that the INGOs are pragmatic and hence their 
normative approach is deal-making within existing UNFCCC constraints. In con-
trast, CJs are principled, radical and unbending in their opposition to compromise 
on a matter as vital as climate change, and are increasingly unwilling to counte-
nance the kinds of compromises that the December 2015 Paris UNFCCC COP 21 
summit represented. This is a simple dichotomy, one that begins to break down 
somewhat upon closer examination (e.g. Greenpeace’s direct actions). However, in 
the field of climate politics, conditions are becoming so desperate that the more 
militant, localised approach may be judged by future generations as the more prag-
matic step required for basic civilisational reproduction, especially if the alternative 
is what can be termed ‘neoliberal nature’ or ‘ecological modernisation’, a concep-
tual framing implicitly adopted by both world elites and many INGOs.

In what may be its most advanced form of such self-correction within neoliberal 
capitalism, Deutsche Bank’s Pavan Sukhdev initiated ‘The Economics of Ecosystems 
and Biodiversity’ (TEEB) within the UN Environment Program to ‘make nature’s 
values visible’ and thus ‘help decision-makers recognise the wide range of benefits 
provided by ecosystems and biodiversity, demonstrate their values in economic 
terms and, where appropriate, capture those values in decision-making.’ TEEB’s 
search for optimal resource use emphasises ‘low-hanging fruit’ that can achieve the 
least costly form of market-facilitated environmental management.

To understand the way CJ engages these contested narratives, consider next, the 
wider terrain of neoliberal nature. There we find groups which adopt insider posi-
tions in relation to global power structures. They broadly agree with the conceptual 
premises behind global incremental change—following market principles—on the 
one hand, versus, on the other hand, CJ movements that work locally and reject 
market strategies. And finally, if we consider how climate policy analyses, strate-
gies, tactics and alliances emerge to lend themselves to this dichotomy, we see 
INGOs and CJs in conflict over markets and technicist solutions—or ‘false solu-
tions’ as CJs argue—and that in turn allows us to reframe both INGO and grassroots 
CJ argumentation in a way that might lead to a different outcome. The rise of Trump 
makes the search for unity all the more urgent, but also more feasible if a world 
divestment movement picks up momentum.

6.4  The Wider Terrain of Struggle: Neoliberal Nature

The very different climate framing narratives and the policy strategies that follow 
them do not represent a brand new debate: distinctions in scale politics and the 
degree of political pragmatism date back decades within environmentalism. Andrew 
Jamison’s (2001) book The Making of Green Knowledge identified a distinct 
division between first, a mode of thinking and practice he termed ‘green business’, 
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which co-opted environmentalism into the nexus of capital accumulation and flexi-
ble regulatory regimes, while deploying rhetoric of sustainable development and the 
‘Triple Bottom Line’. The green business ontology is grounded in faith in science 
and technology, instrumental rationality and market democracy.

In contrast, second, ‘critical ecology movements’ resist the greening of business 
by invoking environmental justice, demanding stronger laws and enforcement and 
engaging in campaigns against corporations and states which despoil the environ-
ment. Jamison posited four types of environmentalisms: civic work on campaigns 
and social ecology; professional interventions based upon science and law; militant 
direct action and personal environmentalism. Each of these has either reformist or 
revolutionary currents. Regardless, their politicisation of ecology runs counter to 
green business in virtually all issues and processes, as will be explored below.

Green business networks have been around for decades, and prominent ones 
today include the UN Global Compact, World Business Council on Sustainable 
Development and World Forum on Natural Capital. In sector after sector, they con-
tinue to promote the notion that profit can be reconciled with environmental stew-
ardship, e.g., in the Marseille-based World Water Council in which commercialisation 
of the most basic element of life is firmly promoted so as to achieve more efficient, 
sustainable management of the resource. These networks are dedicated to natural 
capital accounting (up to a point), Payment for Ecosystem Services, cleaner produc-
tion, green products and environmental management systems.

One revealing example of a market-friendly strategy that continues to divide the 
environmental movement is carbon trading (Bond 2012a). Misgivings first arose 
about its pilot in the form of lowering US sulphur dioxide emissions in Southern 
California, which were slower and less effective than command-and-control strate-
gies adopted in Germany’s Ruhr Valley during the early 1990s. Nevertheless, large 
environmental INGOs endorsed the idea when presented with it as a deal-breaking 
demand by US vice president Al Gore at the COP3 in Kyoto. Gore promised that 
Washington would sign the Kyoto Protocol if it included carbon markets as an 
escape hatch for companies that polluted too much and then desired the right to 
purchase other companies’ pollution permits. The US Senate had already voted 
95-0 against endorsing Kyoto. Even though Gore won this critical concession, there 
was no change in attitude on Capitol Hill, so the US never ratified the Kyoto 
Protocol. Yet carbon markets later became one of the most important wedge issues 
dividing INGOs from the CJ movement (Lohmann 2006; Leonard 2009; Bond 
2012a; Bond et al. 2012). Aside from FOEI, INGOs like Greenpeace sought reforms 
not abolition of the carbon markets, with WWF strongly endorsing such markets 
along with renewables investment and innovation (Bryant 2016, 12–13). At some 
point, the failure of carbon markets should be forcefully addressed by INGOs and 
their justification for ongoing futile reform advocacy reconsidered.

But this is not the only aspect of neoliberal nature that splits global from local CJ 
activists; there are other ‘false solutions’ to the climate and other environmental 
crises. Many more continue to emerge from private-sector Dr. Strangeloves, some 
in alliance with the business-oriented INGOs, including:
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• controversial forms of so-called ‘cleaner energy’ such as nuclear fission, ‘clean 
coal’, fracking shale gas, hydropower and hydrogen;

• biofuels, biomass, biochar; and
• other geoengineering gambles such as Carbon Capture and Storage, Genetically 

Modified trees and other biomas, sulfates in the air to shut out the sun, iron fil-
ings in the sea to create algae blooms, artificial microbes to convert plant bio-
mass into fuels, chemicals and products and large-scale solar reflection such as 
industrial-scale plastic-wrap for deserts.

Several very small INGOs with a decidedly CJ orientation—the ETC Group, 
EcoNexus, the African Biodiversity Network, Gaia and Biofuelwatch (2010)—con-
firm their opposition to false solutions: ‘The shift from petroleum to biomass is, in 
fact, worsening climate change, increasing deforestation and biodiversity loss, 
degrading soils and depleting water supplies. Further, the new “bio-based” econ-
omy threatens livelihoods, especially in the global South where it encourages “land 
grabs”.’ As Kathy McAfee (2012) puts it, ‘Compensating the poor and other land 
users for practices that maintain healthy, “service-producing” ecosystems may be 
an important part of strategies for sustainable and equitable development. Serious 
problems arise, however, when such compensation schemes are framed as 
markets.’

If the ‘net’ emissions reduction strategy is not questioned, not only will carbon 
trading and offsets potentially revive (with all their intrinsic problems unresolved), 
but a panoply of false solutions will be financed by the UNFCCC’s Green Climate 
Fund (GCF) (advertised as soon reaching $100 billion/annum—so long as major 
donors such as Washington do not default on their obligations). Yet even when 
INGOs with a CJ orientation get involved in global technicist advocacy, debilitating 
problems emerge due to adverse power relations, as the GCF has already demon-
strated. Sarah Bracking (2015) criticises both the mainstream INGOs and CJ par-
ticipants who ‘invested resources and energy into a process that distracts from other 
types of politics and issue framing’ required to address climate finance.

There is just one case, however, in which a neoliberal nature strategy may have 
appeal to those with a CJ orientation: in contesting extraction of fossil fuels (and 
other raw materials). This can easily be done in sites where it can be demonstrated 
that drilling for oil or coal does not make sense economically—not just in terms of 
pollution and environmental (including climate) damage, social dislocation and dis-
rupted spiritual values that are normally the basis for opposition. The main eco-
nomic argument is that by calculating natural resource depletion associated with 
extraction, and comparing the outflow of those values with the inflow of retained 
profits and reinvestment made by the corporations which do the extraction, the over-
all impact is net negative.

Even though the World Bank has traditionally endorsed extraction, including of 
fossil fuels, several World Bank staff in the group studying Wealth Accounting and 
the Valuation of Ecosystem Services (WAVES) annually calculate ‘adjusted net sav-
ings’ as an augmentation of national economic accounting. WAVES’ results are 
extremely disturbing. For example, the World Bank’s 2014 Little Green Data Book 
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conceded that ‘88% of Sub-Saharan African countries were found to be depleting 
their wealth in 2010’, with a 12% decline in per capita wealth that year attributed to 
the extraction of minerals, energy and forest products (natural capital) (World Bank 
2014, 8) (Fig. 6.1).

The adjusted net savings measure is the most ambitious attempt to comprehend 
changes in wealth incorporating nature. Sub-Saharan Africans had the world’s sec-
ond most dramatic loss between gross and adjusted savings. For North Africa and 
the Middle East, gross savings were 27.9% but adjusted savings were 8.1% thanks 
mainly to energy depletion being 12.4% of GNI. In contrast, resource-rich wealthy 
countries—including Canada, the United States, Australia and Norway—witness 
sufficient reinvestment by (home-based) corporations, that their natural capital 
depletion was outweighed by new physical capital, leaving a net positive outcome 
(World Bank 2015, 12).

Why might CJ groups dedicated to decommodification of life tolerate such 
counting exercises, given that their premise is the monetary valuation of natural 
resources (Sullivan 2013)? Paul Robbins and Sarah Moore (2015) also ask whether, 
‘Amidst—and despite—its deep-seated rejection of technocratic fixes, can political 
ecology reconcile itself with eco-modernism?’ They answer cautiously in the affir-
mative: ‘We suggest that we join together to render eco-modern political ecology a 
therapeutic empirical project. Rather than become entrenched in an ongoing battle 

Fig. 6.1 World Bank (2014, vi) decomposes change in wealth per capita, Sub-Saharan Africa, 
2010 (Source: public domain)
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over the dysfunction of the other group’s phobic attachments, then, we would 
instead explicitly engage them, working together to pose specific questions, open to 
productive exploration’ (one of which might be whether natural capital accounting 
can be deployed to negate most existing forms of extractivism).

What CJ-informed opponents of natural capital accounting have most trouble in 
criticising, ultimately, is the need to punish polluters by considering the formal 
monetary liabilities—or some approximation since nature is priceless—so that rep-
arations to environment and affected peoples is sufficiently financed, and in the 
process an incentive is generated not to pollute in the future. This is the reason to 
make at least a rough monetary case for ‘ecological debt’ payments in courts of law. 
For example, of Nigeria’s $11.5 billion claim against Shell for a 2011 oil spill, more 
than half is meant to compensate the local, small-scale fishing industry. The liability 
owed to silicosis-afflicted mineworker victims of Anglo American and other gold 
mining houses has begun to reach payment stage. The South African firms Gencor 
and Cape PLC had to pay $65 million a decade ago to settle South African asbestos 
lawsuits after they lost their last appeal in the UK House of Lords. Similar argu-
ments should be made against the MNCs most responsible for what the UN calls 
loss and damage due to climate change. Ideally, over time, this strategy would 
develop as ‘fine-and-ban’, so that as a corporation makes an egregious error, it is 
fined punitively for the damage done, and then sent packing.

To be sure, there is a danger that if ‘fine-and-ban’ is not the local state policy, 
then natural capital accounting will lead, instead, to a ‘fee’ for pollution, with the 
damage continuing, alongside ongoing payment. That would be the result if a for-
mal market emerged, such as the EU ETS, and naturally CJ activists beginning with 
the Durban Group for Climate Justice firmly rejected these in 2004 (Lohmann 
2016). The distinction should thus be clear, between valuing nature for ecological 
debt payment purposes (a fine and ban) on the one hand, and on the other pricing 
nature for market-making (a fee). As Vandana Shiva put it in a 2014 South African 
talk, ‘We should use natural capital as a red light to destruction, not as a green light’ 
(Bond 2014). The ‘red light’ strategy is an example of a potential rapprochement 
between INGO and CJ framing strategies, emphasising technicist analysis in the 
ecological modernisation tradition as well as being useful to anti-extractivist cam-
paigners who want an economic argument against fossil fuel depletion.

In sum, natural capital accounting is potentially one bridge narrative between 
INGOs and CJ, especially in making the economic argument to leave resources in 
the ground, especially fossil fuels. Instead of extracting non-renewable resources 
when they demonstrably lead to much lower adjusted savings, is there scope for a 
different narrative addressing the climate debt that ideally should be paid to those 
who suffer climate change and who are also residents of fossil fuel reserve sites? 
This has been one route taken by Oilwatch members to implore national leaders in 
places like Ecuador (the Yasuni case) and Nigeria (Ogoniland) to leave fossil fuels 
untouched (Bond 2012a). To arrive at that narrative requires one more detour 
through the philosophies of environmental management: sustainable development.
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6.5  The Scorched Earth of Sustainable Development 
Narratives

If there is an alternative worldview to neoliberal nature, most INGO and CJ narra-
tive shapers and strategists would immediately point to the phrase ‘sustainable 
development’. The 1987 United Nations World Commission on Environment and 
Development (1987) led by Gro Harlem Brundtland offered a definition still worth 
returning to. Not only does it contain the intergenerational requirement so well 
known in the first clause of her definition: ‘Sustainable development is development 
that meets the needs of the present without compromising the ability of future gen-
erations to meet their needs’. Consider, as well, her next two sub-clauses in the defi-
nition, which first observe ‘the concept of “needs”, in particular the essential needs 
of the world’s poor, to which overriding priority should be given’, hence generating 
grounds for social justice advocacy. Second, ‘the idea of limitations imposed by the 
state of technology and social organisation on the environment’s ability to meet 
present and future needs’ repudiates pro-growth assumptions of those who use the 
words sustainable development in public relations greenwashing.

The idea gained popularity in 1972 with the first Earth Summit in Stockholm and 
in The Limits to Growth (Club of Rome 1972), culminating in the Brundtland 
Commission and 1992 Rio Earth Summit. But soon, co-opted by corporations during 
the 1990s, sustainability was downgraded in favour of neoliberal ideologues’ advo-
cacy of export-led growth and the commodification of nature. It poked its head up 
once again at a 2002 UN earth summit in Johannesburg, which unfortunately fused 
the UN’s strategy with the for-profit agendas of privatisers, carbon traders and mega-
corporations which supported the UN Global Compact (which was mostly a fund-
raising exercise for a beleaguered institution). Then in 2012 at the next Rio Earth 
Summit, sustainability was fused with ‘Green Economy’ rhetoric, biodiversity off-
setting and market-centric climate change policy. Sustainability had again flowered, 
but now with a much more direct relationship to neoliberal nature (Büscher et al. 
2014). For the 2015–2030 period, Sustainable Development Goals are now the man-
tra of the UN and many other multilateral agencies, in spite of extensive critique of 
the realities they elide (such as by the scholar-activist network TheRules.org [2015]).

But even if this weak version of the sustainability narrative is contested by CJ 
critics—and also still attacked by the most pollution-intensive fractions of capital—
there is no questioning the problem of rampant socio-environmental  unsustainability 
as the world hits what the Club of Rome (1972) had long warned would be ‘limits 
to growth.’ These were later termed by the Stockholm Resilience Centre ‘planetary 
boundaries,’ of which the most serious threat is diminished carrying capacity for 
greenhouse gases that cause climate change, and in turn, ocean acidification. There 
are others: biodiversity loss, stratospheric ozone depletion (abated by the 1987 
Montreal Protocol that phased out CFCs by 1996—but leaving atmospheric aero-
sols as a danger), crises in the biogeochemical nitrogen and phosphorus cycles, 
other resource input constraints, chemical pollution, freshwater adulteration and 
evaporation and shortages of arable land (Magdoff and Foster 2011).
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Seeking sustainability, many INGOs believe in a ‘green capitalism’ strategy 
based on arguments by Gore (2009) and Paul Hawken et al. (1999) (for a critique 
see Tanuro 2014). But as Ariel Salleh (2010) argues, a serious consideration of 
externalised costs should include at least three kinds of surplus extractions, both 
economic and thermodynamic, never comprehensively incorporated by reformers: 
(1) the social debt to inadequately paid workers; (2) an embodied debt to women 
family caregivers and (3) an ecological debt drawn on nature at large. The more 
conservative INGOs have simply ignored the logical trajectory of ‘polluter pays’ 
externalisation in the sense that Salleh points out. In contrast, concepts of the left 
stress sustainability as achieved through distributional equity, non-materialist val-
ues and a critique (and transcendence) of the capitalist mode of production. They 
include the environmental justice vision that African-American activists in North 
Carolina began to articulate in the 1980s (Bullard 2000); ‘anti-extractivism’ and the 
‘rights of nature’ articulated by Ecuadorean and Bolivian activists and constitutions 
(even if not in public policy, as pointed out by Accion Ecologica [2014]) along with 
the Andean indigenous peoples’ versions of buen vivir (living well) and allied ideas 
(Council of Canadians et  al. 2011); ‘degrowth’ (décroissance) (Latouche 2004); 
post-GDP ‘well-being’ national accounting (Fioramonti 2014), such as Bhutan’s 
Gross National Happiness, which emphasises sufficiency; ‘the commons’ 
(Linebaugh 2008) and eco-socialism (Kovel 2007). Strategies for transitioning to 
genuinely sustainable societies and economies are also hotly debated (Swilling and 
Annecke 2012; Scoones et al. 2015).

With such creative options flowering—albeit in sometimes reformist mode hark-
ing back to indigenous conservation, mere accounting reforms and the slowing (not 
ending) of capitalism—genuine sustainability does ultimately depend on the nature 
of the critique of unsustainability. Perhaps the most popular systemic analysis 
comes from Annie Leonard’s (2007) Story of Stuff film and book which link the 
spectrum of extraction, production, distribution, consumption and disposal. Klein’s 
(2014) This Changes Everything puts the onus on capitalism for climate change. 
But expressed most bluntly, Martinez-Alier and Spangenberg (2012) explain what 
is truly at stake: ‘Unsustainable development is not a market failure to be fixed but 
a market system failure: expecting results from the market that it cannot deliver, like 
long-term thinking, environmental consciousness and social responsibility.’

6.6  Conclusion: From Duelling Narratives to Practical 
Fusions

Hope springs from several sources in play within climate politics. On the one hand, 
there is underlying humility in the current generation of INGO leaders. And on the 
other, there is a profound organic intelligence on the part of local CJs, who have the 
potential to take their perspective onto what at first blush appears to be extremely 
hostile terrain of ecological modernisation: natural capital accounting. Moreover, 
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the CJ movement’s clear grassroots principles are often intimidating to the INGOs. 
Indeed, more than 30 INGO leaders recently explained why CJ and similar grass-
roots forces are holding the INGOs to account, in an extraordinarily frank and 
refreshing confessional: ‘A new and increasingly connected generation of women 
and men activists across the globe question how much of our energy is trapped in 
the internal bureaucracy and the comfort of our brands and organisations. They 
move quickly, often without the kinds of structures that slow us down. In doing so, 
they challenge how much time we—you and I—spend in elite conferences and 
tracking policy cycles that have little or no outcomes for the poor’ (Civicus et al. 
2014).

It is that cringe-worthy honesty that opens the door to alliances with CJ groups 
which want, as the Civicus et al. INGO leaders put it, to ‘challenge the business as 
usual approach. Prioritise a local community meeting rather than the big glitzy con-
ferences where outcomes are pre-determined.’ It is here that even in the most diffi-
cult circumstances, the United States, new linkages of women, Muslims, Latinos, 
African-Americans, immigrants, indigenous Native Americans, other minorities, 
the LGBTQ community, poor people, trade unionists, environmentalists and social 
justice activists are increasingly common, offering a ‘social self-defence’ that activ-
ist Jeremy Brecher (2017) identifies in his survey of anti-Trump struggles at the 
time of the inauguration. Trump’s giant ego, public relations gaffes and inevitable 
allegations of business misconduct draw his firms towards such chaos like a moth to 
a flame. As a result, high-profile personal critiques will continue, e.g., via the 
#grabyourwallet boycott of 75 Trump-related firms, which was quickly successful 
in removing Ivanka Trump’s lines from Nordstrom, Nieman Marcus and Belk.

Trump company targets will continue to be relevant, especially because the new 
president refuses to divest any of his holdings. But it is in attacking Trump’s policies 
where CJ and other climate activists can find unprecedented unity, using the social 
protection and emancipation bases and interlinking these with radical environmen-
talism. To illustrate, Trump’s (2016) economic plan is partly an ‘Autobahn- 
Keynesianism’: to build filthy infrastructure (fossil-fuel pipelines, airports, roads 
and bridges); cancel international climate obligations; retract shale gas restrictions 
and the ban on the Keystone oil pipeline; encourage drilling; defund renewable 
energy and public transport; and destroy the Environmental Protection Agency 
(EPA). His choices for the main climate-related Cabinet positions left no room for 
doubt: former ExxonMobil chief executive Rex Tillerson as Secretary of State; 
Scott Pruitt as EPA Director (based on his Oklahoma career attacking EPA) and 
former Texas governor Rick Perry as Secretary of Energy. Tillerson was not only a 
major contributor to climate policy inertia over several decades as an ExxonMobil 
leader. More recently his contract for a massive $500 billion Siberian oil drill earned 
him the Russian ‘Order of Friendship’ from Vladimir Putin in 2013. A year later, the 
deal was postponed due to sanctions that followed Putin’s invasion of the Crimea.

The climate critique of Trump is also the basis for divestment, e.g., from firms 
associated with Trump’s cabinet and top officials: such as Goldman Sachs bank, 
ExxonMobil oil, Koch Industries oil, Lockheed Martin military, General Dynamics 
military and Wells Fargo bank (which is also facing a Standing Rock pipeline- 
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divestment campaign). A broader world divestment movement—drawing from both 
social protection and emancipation currents—would build on conceptual tools that 
have been around for years and that immediately came to life after Trump’s election 
(Bond 2017):

• A decade earlier, Joseph Stiglitz had argued that ‘unless producers in America 
face the full cost of their emissions, Europe, Japan and all the countries of the 
world should impose trade sanctions against the US.’

• Klein reacted to Trump’s election: ‘We need to start demanding economic sanc-
tions in the face of this treaty-shedding lawlessness.’

• Representing French business, conservative ex-president Nicolas Sarkozy threat-
ened, ‘I will demand that Europe put in place a carbon tax at its border, a tax of 
1–3%, for all products coming from the US, if the US doesn’t apply environmen-
tal rules that we are imposing on our companies.’

• The New York Times quoted a leading Mexican official at the UNFCCC COP22 
summit in Marrakesh: ‘A carbon tariff against the US is an option for us,’ a 
stance echoed by a Canadian official.

Some INGOs are already playing a major role in these sorts of crucial battles. 
Even while it had become obvious that the carbon trading strategy countenanced by 
Greenpeace had failed, the impact of the group’s attacks on Shell Oil was formida-
ble in 2015, far outweighing the failed EU ETS reforms in strategic importance. 
Any institutional cost-benefit analysis of the INGOs’ emissions market advocacy 
(e.g. the astonishing $200 million spent during 2009–2010 US congressional lobby-
ing for cap-and-trade legislation) would logically place Blockadia strategies far 
ahead in the benefits category although not without considerable costs (Shell’s legal 
threats against Greenpeace plus the Portland court’s fines for blocking its bridge 
access in mid-2015, for instance). Similarly, 350.org’s commitments to direct action 
grow more vibrant, the more the frustrations rise about the slow pace of state and 
corporate decarbonisation. In late 2016, this was evident at the Standing Rock 
showdown where several INGOs assisted Native Americans in fighting (and ini-
tially defeating) the DAPL in a manner suffused with respect and local ownership. 
(Partly as a result, the framing of ‘water protectors’ rather than climate warriors was 
emphasised.)

INGO visionaries are fully aware of the limitations of their structural location. 
For example, African anti-extractive activists—ranging from faith-movement pro-
gressives to ActionAid—have responded vigorously to challenges made by Farai 
Maguwu and Christelle Terreblanche to the ‘Alternative Mining Indaba’ (AMI), 
held every February in Cape Town to coincide with the African Mining Indaba of 
major corporate and state attendees. Instead of being resolutely committed to fight-
ing mining—especially coal, which is increasingly destructive across a range of 
constituencies—the AMI tends towards mild-mannered reforms. The dispute 
recorded in Maguwu et  al. (2016)—including several duelling op-ed articles in 
March 2016 in the main African ezine, Pambazuka—is one example of the INGO-CJ 
tensions noted above.
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Another example is a reform network of capital and the state, the Extractive 
Industries Transparency Initiative (EITI), which in 2016 witnessed a legitimacy chal-
lenge from the (INGO) ‘Publish What You Pay’ movement of Soros-funded NGOs 
(some of which have grassroots CJ connections) when ecause EITI imposed a ‘civil 
society’ representative in their decision-making processes through a dubious process.

In other words, more connectivities between these differently-located and 
philosophically- divergent types of civil society—INGOs and CJs—may unearth the 
frictions, especially if CJ continues to draw both social protection and emancipation 
under its ideological umbrella. It is incumbent now upon the better-resourced 
INGOs to take up the challenge made by Civicus et al. (2014) to provide not just 
auto-critique but new modes of operation sensitive to the (often more radical) grass-
roots agenda.

That means, second, a complementary move by CJ groups might be considered, 
both to scale up their critique so they can offer concrete global scale analysis and 
start networking properly, and then gather sufficient confidence to take on INGO 
rhetoric, much of which was learned in struggles within the system. This is the argu-
ment made by one of the world’s leading contemporary historical materialists, 
David Harvey (1996, 401), who insists that local activists must become more 
forward- looking, to more decisively link up with each other, and to take the broadest 
terrain as their mandate (including cultural and spiritual features of ecological and 
social life):

The reinsertion of ‘rational ordering’ indicates that such a movement will have no option, 
as it broadens out from its militant particularist base, but to reclaim for itself a non-coopted 
and non-perverted version of the theses of ecological modernisation. On the one hand that 
means subsuming the highly geographically differentiated desire for cultural autonomy and 
dispersion, for the proliferation of tradition and difference within a more global politics, but 
on the other hand making the quest for environmental and social justice central rather than 
peripheral concerns. For that to happen, the environmental justice movement has to radi-
calise the ecological modernisation discourse.

To radicalise ecological modernisation requires that in search of a just distribu-
tion of natural resources, environmental activists should not boycott the neoliberal 
nature thesis but instead engage. To be sure, Erik Swyngedouw (2010) warns of the 
‘post-political’ quagmire, when it comes to combating climate change and the cor-
porations and states behind it, insofar as carbon markets and the Green Climate 
Fund represent ‘the predominance of a managerial logic in all aspects of life [and] 
the reduction of the political to administration where decision-making is  increasingly 
considered to be a question of expert knowledge and not of political position.’

The knowledge sources that undergird such efforts are typically divided into the 
technical disciplines of green business, the political traditions of eco-social justice 
and the transcendental experiences of the eco-socialist project. But discovering the 
way battles over resource allocation unfold in this era of climate crises is surely a 
matter of debate through praxis in the months and years ahead.
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Chapter 7
Circular Economy: Origins and Future 
Orientations

Riina Antikainen, David Lazarevic, and Jyri Seppälä

Abstract The circular economy is increasingly attracting the attention of various 
actors in Europe and globally. It refers to closing material loops and prolonging the 
lifetime of materials; and, as such, presents a radically different socio-technological 
future compared to the unsustainable conventional ‘take-make-dispose’ economic 
model. The concepts underpinning the circular economy are not new, and ecological 
economics, environmental economics and industrial ecology have been highlighted 
as its significant antecedents. The circular economy requires involvement of all the 
societal actors: companies, which bring new circular economy business models; 
consumers, who create the demand for products and services that apply circular 
economy principles and decision makers, who support the transition with ‘better’ policy 
instruments and governance. The circular economy is expected to bring multiple 
benefits to the environment and the economy, but only a few examples have demon-
strated the circular economy’s potential economic benefits for industrial actors. This 
chapter provides an overview of the concepts, principles, expectations, strategies, 
business models, indicators and future trends connected to the circular economy.

Keywords Circular economy • Theories • Strategies • Indicators • Business models 
• Future trends

7.1  Introduction

The circular economy is increasingly attracting the attention of governments, busi-
nesses and non-governmental organizations (NGOs). It is proposed as a response to 
the unsustainable conventional ‘take-make-dispose’ economic model (Ellen 
MacArthur Foundation 2013) and as a concept that articulates a socio-technological 
future radically different to the one that exists today (Lazarevic et al. 2016).
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The origin of the term has been ascribed to many authors, and although descrip-
tions include a range of meanings and associations, they generally entail representa-
tions of cyclical closed-loop systems (Murray et al. 2015). Today, the most prominent 
definition is provided by the Ellen MacArthur Foundation (2013, 7), which describes 
the circular economy as

an industrial system that is restorative or regenerative by intention and design. It replaces 
the ‘end-of-life’ concept with restoration, shifts towards the use of renewable energy, elimi-
nates the use of toxic chemicals, which impair reuse, and aims for the elimination of waste 
through the superior design of materials, products, systems, and, within this, business 
models.

As the circular economy is a concept that is still in the making, it has been used to 
denote different modes of material and organisational coordination. For instance, in 
China, the concept of the circular economy has shifted slowly from a narrow focus 
on waste recycling to a wider focus on closed material loops in production, distribu-
tion and consumption (Su et al. 2013). In Europe, the transition to a circular econ-
omy has been framed in broader terms, concerning the systemic changes required in 
regards to technologies, organisation, society, consumer behaviour, finance methods 
and policies; including elements such as product-service systems and the collabora-
tive economy (European Commission 2014). For others, such as Stahel (2013), 
moving toward a circular economy is essentially a question of economics and profit 
maximisation brought about by stock optimisation. This chapter provides an over-
view of the concepts, principles, expectations, strategies, business models, indica-
tors and future trends connected to the circular economy.

7.2  Background and Concepts

7.2.1  Origins

The concepts underpinning the circular economy are not new. For instance, the idea 
of using waste as a resource for economic activity at the firm level can be traced 
back to the nineteenth century (e.g. Simmonds 1862). Moreover, before the indus-
trial revolution, municipal waste management facilities in Western Europe were 
described as “material recovery facilities that used manual sorting and sieving to 
produce secondary raw materials” (Velis et al. 2009, 1283).

The circular economy concept can be seen as the next potential phase in the evo-
lution of waste management systems. Following the need for resource-efficiency, 
many countries and governments have implemented initiatives guided by ambitious 
waste management policies. Germany was a pioneer in this field with the Closed 
Substance Cycle and Waste Management Act (Kreislaufwirtschafts- und 
Abfallgesetz), enacted in 1994, which aimed at promoting closed substance cycle 
waste management to conserve natural resources and to ensure the environmentally 
compatible disposal of waste. Japan has also been highlighted as a forerunner after 
it initiated a legal framework in 2002 through the Basic Law for Establishing a 
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Recycling-Based Society, leading to a fundamental plan for establishing a sound 
material-cycle society. However, China was the first country to use the term ‘circu-
lar economy’ in terms of waste and resource policy, see Sect. 7.4.

7.2.2  Conceptual Underpinnings

Several attempts have been made to trace the conceptual and theoretical origins of 
the circular economy (see Murray et al. 2015; Ghisellini et al. 2016). In these efforts, 
ecological economics, environmental economics, and industrial ecology have all 
been highlighted as significant antecedents.

Boulding’s (1966) seminal Spaceship Earth essay espoused the notion that a 
closed earth and a closed sphere of human activity—whose primary concern should 
be stock maintenance—would require all outputs from consumption to be con-
stantly recycled. Ecological economists continued this line of thought. For instance, 
Georgescu-Roegen (1971) proposed a fourth law of thermodynamics where matter, 
like energy, becomes progressively unavailable. Although controversy has sur-
rounded this proposition—the application of the law of entropy to matter (Ayres 
1981)—the message that economic systems should consist of the maximum amount 
of recycling and renewables possible remains valid. Furthermore, Andersen (2007) 
suggests that the circular economy is often justified by environmental economics; 
which contends that the environment provides amenity values, a resource base for 
the economy, a sink for residual flows and a life support system, and that unpriced 
or underpriced services should be internalised in the economy.

Beyond the conceptual underpinnings of ecological economics and environmen-
tal economics, industrial ecology has been suggested to have perhaps the greatest 
practical influence on the development of the circular economy (Andersen 2007). 
Industrial ecology is defined as “the study of material and energy flows resulting 
from human activities”, providing the basis for “developing approaches to close 
cycles in such a way that the ecological impact of these activities is minimized” 
(Boons and Howard-Grenville 2009, 13). The primary concerns of industrial ecol-
ogy are to: improve the metabolic pathways of industrial processes and material use, 
create closed-loop industrial ecosystems, dematerialise industrial output and sys-
tematise patterns of energy use (Ehrenfeld 1997). Thus, the circular economy radi-
cally departs from the conventional modes of coordination in the current linear 
economy.

The Ellen McArthur Foundation also recognises the contribution of more recent 
ideas in their view of the circular economy, such as: cradle-to-cradle (Braungart and 
McDonough 2002), the performance economy (Stahel 2013), biomimicry (Benyus 
1997), natural capitalism (Hawken et al. 2013), the blue economy (Pauli 2010), and 
regenerative design (Lyle 1996).

The circular economy is also closely connected to the concepts of the green 
economy and the bioeconomy. The green economy is perceived as a pathway to 
sustainability by addressing financial and climate change problems as well as other 
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environmental impacts (OECD 2011; UNEP 2011). The bioeconomy includes all 
economic activities that are linked to the development and the use of biological 
products and processes (OECD 2009). Often, the green economy is considered to be 
a wider umbrella concept when compared to the circular or bioeconomy, in addition 
to many other more practical concepts and approaches enhancing more sustainable 
economies (Loiseau et al. 2016). The appearance of these three concepts in scien-
tific literature has been increasing rapidly in recent years, with much of the circular 
economy research emanating from China (D’Amato et al. 2016).

7.2.3  Organisational Articulations of the Circular Economy

A useful lecture-key to understand the potential material forms of the circular econ-
omy is provided by Stahel and Clift (2015). Drawing on references to capital stock 
(natural, cultural, human, manufactured and financial) and flows, three interpreta-
tions of the circular economy are outlined.

The loop economy focuses on material flows, whereby product materials are not 
lost from the economy as waste and instead recycled for the same use (Stahel and 
Clift 2015). Loops consist of reuse, repair, remanufacturing and material reprocess-
ing, all taking place within local economies, regional and global supply chains. 
Material ownership typically changes with each loop. Examples include global bulk 
material recycling, ‘high quality’ material recycling in the European Union (EU) 
and the reuse of products in local economies.

Utilising the same loops, the lake economy has a primary focus on optimising 
and managing the use of stock (not flows) and value preservation without changes 
to ownership (Stahel and Clift 2015). Examples include the operational leasing of 
vehicles, construction and medical equipment. Maintaining ownership of resource 
stocks may provide economic advantages through reuse and remanufacturing 
strategies.

The performance economy goes one step further and focuses on optimising the 
value obtained from using stock and is operationalised through business models that 
sell goods or molecules as ‘services’ (Stahel and Clift 2015). It is related to the 
objective of creating “the highest possible use value for the longest possible time 
while consuming as few material resources and energy as possible” (Stahel 2015, 
128). Strategies for the performance economy are based on the need to reduce the 
volume and slow the flow of materials through the economy. Examples include sell-
ing tire use by the kilometre (e.g., Michelin), power by the hour (e.g., Rolls-Royce 
turbines) and pay-per-copy office printing (e.g., Xerox). Such an approach reflects 
the move to product-service systems, defined as “a mix of tangible products and 
intangible services designed and combined so that they are jointly capable of fulfill-
ing final customer needs” (Tukker 2015, 76).
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7.3  Circular Economy Principles and Expected Benefits

Several underlying principles have been suggested to coordinate activity in a circu-
lar economy. Stahel (2013) identifies five principles with a focus on the quality of 
stock in the economy: (1) the smaller the loop (activity-wise and geographically), 
the more profitable and efficient it is; (2) loops have no beginning and no end; (3) 
the speed of circular flows is crucial: the efficiency of managing stock in the circular 
economy is increased with a decreasing flow speed; (4) continued ownership is 
cost-efficient: reuse, repair and remanufacture without a change of ownership save 
double transaction costs; and (5) a circular economy needs functioning markets. For 
the Ellen McArthur Foundation, the circular economy rests on the following three 
principles that address both resource and system challenges: (1) preserve and 
enhance natural capital by controlling finite stocks and balancing renewable resource 
flows; (2) optimise resource yields by circulating products, components and materi-
als at the highest utility at all times in both technical and biological cycles; and (3) 
foster system effectiveness by revealing and designing out negative externalities.

By adhering to such principles, the circular economy is expected to bring multi-
ple benefits to the environment and the economy. The potential environmental ben-
efits can be categorized, for example, as follows: less input and use of natural 
resources, increased share of renewable and recyclable resources and energy, 
reduced emissions, fewer material losses and residuals and keeping the value of 
products components and materials in the economy (EEA 2016).

From an economic perspective, based on an extensive literature review and sum-
mary by Ghisellini et  al. (2016), the adoption of circular economy principles is 
expected to deliver economic benefits for companies and municipalities, due to a 
decrease of the problem of waste management, a reduction in environmental exter-
nalities (lower pollution) and new jobs, opportunities and increased welfare for low 
income households. In Europe, it has been estimated that by taking advantage of 
rapid technological development the circular economy could create resource pro-
ductivity growth of up to 3% annually, and following the circular economy scenario 
would bring a 7% increase in the gross domestic product (GDP) as compared to 
current development, with additional benefits for employment (Ellen McArthur 
Foundation et al. 2015). On a national level, circular economy benefits have been 
estimated for Dutch, Finnish, French, Spanish and Swedish economies (Wijkman 
and Skånberg 2015). The assessment identified significant carbon emission reduc-
tions, job creation and improvement in the trade balance for all five countries if 
resource efficiency scenarios are followed. However, whilst recent analyses and 
discussions about circular economy, and its development, have mainly focused on 
resource scarcity and environmental impacts, only a few examples have demon-
strated the circular economy’s potential economic benefits for industrial actors 
(Lieder and Rashid 2016).
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7.4  National Circular Economy Strategies

7.4.1  China’s Circular Economy Initiatives

China’s engagement with the circular economy started as far back as 1998, and the 
approach was formally accepted by the central government in 2002 (Yuan et  al. 
2006). However, this initial approach was driven by a 3R’s approach (i.e. reduction, 
reuse, recycle) (Yuan et  al. 2006), which was adopted in the waste management 
policy of several Western European countries much earlier—such as the Netherlands, 
in 1978 and Germany, in 1986 (Buclet and Godard 2000). China’s Circular Economy 
Promotion Law is intended to promote the development of the circular economy, 
improve the resource utilization efficiency, protect and improve the environment 
and realise sustainable development. It defines the circular economy as “a generic 
term for the reducing, reusing and recycling activities conducted in the process of 
production, circulation and consumption” (People’s Republic of China 2008). In 
China, the circular economy is promoted as a top-down national political objective, 
in contrast to the bottom-up approaches adopted by areas and countries such as EU, 
Japan and the USA (Ghisellini et al. 2016).

7.4.2  The European Union’s Circular Economy Package

In the EU, the discussion on the circular economy kicked off in full force in July 
2014 when the European Commission published its communication Towards a cir-
cular economy: a zero waste programme for Europe (European Commission, 2014). 
In December 2014, the new Commission withdrew the communication. However, at 
the same time, the Commission committed to present a new ‘more ambitious’ pack-
age by the end of 2015, which would cover the full economic cycle and not just 
waste reduction targets. A public consultation was held between May and August 
2015, and the Closing the loop—An EU action plan for the Circular Economy pack-
age was released in December 2015 (European Commission, 2015).

The EU aims at maintaining the value of products, materials and resources in the 
economy for as long as possible, minimising the generation of waste and developing 
a sustainable, low carbon, resource efficient and competitive economy. The circular 
economy is expected to boost the EU’s competitiveness, help to create jobs and new 
business opportunities as well as more efficient and innovative ways of producing 
and consuming. Revised legislative proposals set targets for the reduction of waste 
and a long-term path for waste management and recycling (see more detailed 
description in Chap. 18 in this book).

Following the activities of the EU, many countries including the Netherlands, 
Scotland and Finland have launched initiatives on the circular economy, as described 
below.
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7.4.3  The Dutch Circular Economy Programme

In the Netherlands, a government-wide programme called A circular economy in the 
Netherlands by 2050 was launched in September 2016 (The Ministry of Infrastructure 
et al. 2016). Its vision of a future-proof, sustainable economy and a liveable earth 
for future generations requires efficient use and recycling of raw materials as well 
as obtaining them in sustainable manner. It also necessitates fewer raw materials 
due to more efficient products and services, thereby helping to reduce the pressures 
on the living environment and public health.

The programme aims at a completely circular Dutch economy by 2050. The first 
milestone, in 2030, is a 50% reduction in the use of raw materials like minerals, 
fossil-based fuels and metals. Five chains and sectors have been given priority in the 
transition: biomass and food, plastics, manufacturing, construction and consumer 
goods. To accelerate the transition to a circular economy, the Dutch government 
plans to draw up ‘transition agendas’ in these areas, so that by 2050 they will only 
be using sustainably produced, renewable or generally available raw materials and 
be generating as little residual waste as possible. To support the high-quality recy-
cling of products, smart return and collection systems are planned. A national raw 
materials agreement will be concluded with societal partners including the business 
community, government authorities and NGOs. Additionally, 27 million euros will 
be earmarked for improved waste separation and to fund new innovations aimed at 
improving the recycling capability of products.

7.4.4  A Circular Economy Strategy for Scotland

Scotland has launched a circular economy strategy—Making things last: A Circular 
Economy Strategy for Scotland—that builds on the country’s progress on the zero 
waste and resource efficiency agendas and targets a broad set of business and industry 
opportunities (The Scottish Government 2016). Transition towards more circular 
economy is expected to benefit the environment, the economy and the communities by 
cutting waste and carbon emissions and reducing reliance on scarce resources, improv-
ing productivity, opening up new markets and improving resilience, and providing 
more low cost options to access goods with opportunities for social enterprise.

Actions will be taken in four priority areas, namely food and drink and the 
broader bio-economy, remanufacturing, construction and the built environment and 
energy infrastructure. The strategy also includes a new food waste reduction tar-
get—to cut food waste by a third by 2025—being the first of its kind in Europe. 
Additionally, a new approach to producer responsibility will be explored through a 
single framework for all product types that drives choices for reuse, repair and 
remanufacture. In addition to existing producer responsibility schemes (for batter-
ies, electronic equipment, end of life vehicles and packaging), tires, furniture and 
mattresses will be taken under consideration. Furthermore, Scotland aims at building 
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a better evidence base to create more understanding on how products and materials 
flow through the economy, both to measure progress and to identify opportunities. 
This will be supported by refreshing the key indicators and a mandatory use of the 
electronic ‘edoc’ system for waste in Scotland.

7.4.5  The Finnish Circular Economy Roadmap

The world’s first circular economy roadmap, Leading the cycle—Finnish road map 
to a circular economy 2016–2025, was published in Finland in September 2016 
(Sitra 2016). It was drafted under the direction of the Finnish Innovation Fund Sitra, 
in co-operation with the Ministry of the Environment, the Ministry of Agriculture 
and Forestry, the Ministry of Economic Affairs and Employment the business sector 
and other key stakeholders. Following the roadmap, Finland intends to be a pioneer 
in the circular economy over the next 5–10 years. The roadmap is based on the idea 
of maximizing the use of materials and retaining their value in the loop for as long 
as possible, having the foundation for earnings in services and intelligence-based 
digital solutions. The transition is seen to require co-operation across the sectoral 
and industrial borders, and the largest potential for new circular economy solutions 
is expected to appear in the areas between traditional sectors.

The first steps will be taken by means of five focus areas, based on Finland’s 
traditional strengths, namely sustainable food system; forest-based loops; technical 
loops; transport and logistics; and common action between legislators, companies, 
universities and research institutes, consumers and citizens and regions in order to 
achieve systemic change.

The implementation of the roadmap is organised into three measures: policy 
measures, key projects and pilots. Selected key projects include: regional co- 
operation bringing sustainable local food to everyday life, utilizing public procure-
ment and promoting nutrient recycling, recovery of valuable and rare materials 
contained in electrical and electronic devices by development of a demonstration 
plant, Finland hosting the World Circular Economy Forum 2017 in Helsinki, open 
data creating low-carbon and smart transport for development work in the Helsinki 
metropolitan area, forest industry bioproducts moving from labs to trials, testing the 
replacement of fossil fuels and companies using production and community side 
streams, promoting industrial symbiosis concept.

7.5  Circular Economy in Business

New types of business and revenue models are expected to play a significant role in 
the transition to a circular economy, with the focus placed on the provision of solu-
tions for identified business and consumer customer needs as opposed to the pro-
duction and sale of products. Business has a key role as the provider of products and 
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services, with product design being one of the main factors affecting the lifetime, 
material composition, energy efficiency, repairability, decomposability and recy-
clability of products (Bocken et al. 2016). New business models may significantly 
decrease the material intensity of the economy, whereby renting, leasing and shar-
ing are enabled by the design of product-service systems.

The transition to a circular economy also means changes in the roles of a broad 
range of societal and economic actors. Consumers will play a major role in creating 
the demand for products and services that apply circular economy principles. The 
role of consumers may also change. The idea of ‘prosumers’—individuals who at 
the same time consume and provide or produce assets—places citizens at both the 
end and beginning of the supply chain. For example, in local energy markets, pro-
sumerism is a growing trend. People who have installed solar panels can sell the 
excess energy to the grid. Similar models are also emerging in the sharing economy, 
e.g., the sharing of private cars and homes.

In the literature, there are several propositions of how to categorise business 
models; most of them are very similar and use the criterion of the source of value 
creation (Lewandowski 2016). The Ellen MacArthur Foundation (2015a) presents a 
broad ReSOLVE categorization: Regenerate, Share, Optimise, Loop, Virtualise, and 
Exchange. Regenerate refers to shifting to renewable energy and materials. Share 
denotes the sharing and recycling economy as well as prolonging the life of prod-
ucts. Optimise refers to increased efficiency, waste minimization and utilization of 
information and communications technology (ICT). Loop is defined as closing the 
technical and biological material cycles. Virtualise deals with direct and indirect 
dematerialization. Finally, Exchange calls for the utilization of novel materials and 
technologies. Circular economy business model types are diverse and range from 
the conversion of non-recyclable waste materials into useable heat, electricity or 
fuel, e.g., by anaerobic digestion to product leasing models and new production 
technologies such as 3D printing (Lewandowski 2016).

Even though a wide range of examples of circular economy business models and 
their implementation exists, the scaling-up of these activities is a challenging task 
given the path decencies and lock-in in prevailing institutional structures, material 
infrastructure and actor networks. A large-scale change requires radical change in 
business mind-sets and management commitment but also legislation and policy 
and support for infrastructure and social awareness (Lieder and Rashid 2016).

7.6  Assessing the Impacts of Circular Economy

In order to plan progress towards a more circular economy and implement cost- 
effective actions at product-service system and national levels, it is important to 
have an ex-ante analysis of the effects of policy measures and circular economy 
business models. Several micro and macro-level assessment methods exist to study 
the three dimensions of sustainability; each with their own strengths and limitations 
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that should be recognized in order to utilize them in the appropriate contexts and to 
allow for the proper interpretation of results.

Circular economy business models will change the interactions between indus-
try sectors and customers along the value chain and the whole economy. The con-
sequences of introducing new business models can be analysed with the help of life 
cycle based tools on the product/service, company or sector level. Life cycle 
assessment (LCA) is a standardized method for assessing the environmental con-
siderations of a product and service throughout its entire life cycle (ISO 2006a, b). 
A complete life cycle includes all product or service phases, i.e., raw material 
extraction, processing, transportation, manufacturing, distribution, use, re-use, 
maintenance and recycling as well as final disposal. LCA has been applied in a 
wide variety of cases, including various waste management assessments from the 
early 1990s (Björklund et al. 2010). To include economic aspects into the analysis, 
Swarr et al. (2011) has published a code of practice for environmental life cycle 
costing, being a consistent framework with the LCA ISO standards. With social 
LCA (Benoît and Mazijn 2009) a comprehensive three-pillar product or service life 
cycle study can be performed.

In addition to life cycle based tools, environmental impact assessment, strategic 
environmental assessment, cost-benefit analysis, risk assessment, material flow 
accounting or analysis, substance flow analysis, environmental management system 
and their combinations can be used for the economic and environmental assess-
ments of different circular economy measures (see Finnveden et al. 2007). However, 
these tools may have too narrow a scope for many decision situations. Therefore, 
tools such as environmentally extended input-output (EEIO) are more suitable for 
producing environmental and economic information to support decision-making 
concerning the circular economy. EEIO tables can give insights into the environ-
mental interventions, employment and value of economic transactions between dif-
ferent sectors in an economy, including output for exports, capital formation and 
final government and private consumption (Eder et al. 2006). For example, Wijkman 
and Skånberg (2015) used an EEIO-based model to analyse GDP, employment and 
greenhouse gas emissions caused by three different circular economy policy sce-
narios for Dutch, Finnish, French, Spanish and Swedish economies.

EEIO cannot be used to draw very detailed conclusions from a macro-level study 
because of their quite limited numbers of sectors (typically 60–150 sectors). 
Furthermore, EEIO is based on static accounting, which makes it less suitable for 
long-term trend analysis. For future outlooks, models such as computable general 
equilibrium (CGE) models are more suitable (e.g. Dixon and Jorgenson 2013). On 
the other hand, CGE models can be integrated into EEIO models (Eder et al. 2006).

Indicators are often considered as a good tool to demonstrate the progress in 
certain areas; although they have also been recognized to have large weaknesses, 
and their use in decision support can be challenging (Rosenström 2009). The Ellen 
MacArthur Foundation (2015b) has proposed circularity indicators to measure the 
effectiveness of a company’s transition from linear to circular models. There is also 
a range of indicators measuring some elements of circular economy, including 
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indicators related to resource use and resource efficiency, the data for which is col-
lected by many organisations, e.g., the Organisation for Economic Co-operation and 
Development (OECD) and Eurostat (Resource efficiency scoreboard). However, 
existing indicators and indicator sets have their limitations, and development work 
around circular economy indicators continues for example by the European 
Commission.

7.7  Future Trends in Circular Economy

The transition to a circular economy is a multi-level governance challenge. However, 
Hobson (2016, 89) notes that current “academic, policy and business-led analyses 
frame transformations towards the CE as predominantly issues of innovation, tech-
nical systems, fiscal and business incentives, and reformulated business models.” In 
doing so, governance by corporate business (Hisschemöller et al. 2006) is the domi-
nant paradigm in the clear majority of pathways to the circular economy, with the 
role of the state relegated to ensuring ‘better’(less) regulation (Lazarevic et  al. 
2016). There is currently a significant knowledge gap in terms of governance options 
at the EU, Member State, local authority, private sector and citizen levels. This is 
not a trivial matter as the circular economy calls for a wholesale transformation of 
the conventions underpinning the current economic systems.

The role of research is important to determine the appropriate forms of circular 
economy that decision-makers, business and citizens may want to act upon. This 
requires research to assess the ecological impacts, costs and benefits of potential 
circular economy products and services. It is also important to identify possible 
negative side effects caused by a circular economy transition and to identify the 
potential actors that may be negatively affected.

Technological innovations are still needed to recycle and reuse contaminated and 
mixed material flows. In addition to new technologies, societal and organizational 
innovations related to ownership, fashion and emotion are needed to increase both 
demand and supply of circular economy business models. In addition to ‘better’ 
regulation, governments can support the development other policy instruments, 
including fiscal and other economic instruments. Furthermore, in a more urbanized 
world, the role of cities in supporting the circular economy is significant. This 
means, among other things, how land use planning, smart technologies and virtual 
platforms, logistics and collection systems enable the closure of material loops.

Communication and information strategies are needed to raise the awareness 
of manufacturers and the public about responsibility for products throughout their 
service lives (Stahel 2016). In addition, consumers should be provided with infor-
mation on the consequences of their choices. It is important that behaviour 
changes not lead to negative rebound effects; hence, if monetary resources are 
saved from the purchase of fewer products, the reallocation of funds becomes an 
important question.
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7.8  Conclusions

The move towards a more circular economy is a widely acknowledged need. 
However, major challenges face this economic transformation. One aspect is that 
due to the number of overlapping concepts, confusion among stakeholders and 
decision- makers may lead towards discussion at the general level of definitions 
instead of action on the ground. Overlapping concepts may also cause competition 
in policy agendas, whereas promoting the fulfilment of more sustainable economies 
in general would benefit from creating synergies from various concepts and practi-
cal work being implemented under these concepts. Furthermore, the current fram-
ing of the circular economy, as a pathway to large scale transformative change, 
often neglects the roots and origins of the issues it claims to remedy, and, as such, 
has been suggested to be far from the radical change that it is promoted to be 
(Hobson and Lynch 2016).

Many countries are incorporating the circular economy in their strategic policy 
agendas, and similarly, more and more companies are implementing circular prac-
tices as their core business models. However, only small minority of companies 
worldwide have adopted a true circular mindset as a core business strategy, and most 
business still aim at selling more materials and physical products. New circular econ-
omy businesses often require new business logic on earnings and return on invest-
ment, which can be a challenging task for existing business and new entrepreneurs.

So far, circular economy discussions have more focused on defining the con-
cepts, bringing up the overall and business benefits and creating a political agenda. 
Areas such as the role of (smart) cities and consumers in context of circular econ-
omy have achieved less attention. However, their role in the transformation is cru-
cial and without them the modes of economic coordination cannot be changed.
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Chapter 8      
Financial System, and Energy and Resource 
Husbandry                                      

R. Andreas Kraemer

Abstract This chapter explores aspects of the relationship between the financial 
system and resource industries, starting with general criteria for sound investment 
and an overview of the various materials and resources that need to be distinguished. 
To this end, the focus is first placed on fossil energy commodities that do not lend 
themselves to management in a circular economy, before the metals and mining 
sector and its regulation are presented. The global transformation of energy systems 
presents an opportunity to phase out a non-circular industry and replace it with one 
that is characterised less by commodities for consumption and more by commodi-
ties for the manufacture of energy conversion equipment and durable investment 
goods. Combining the energy and mineral resource industries, the impact of the 
decline of fossil energy industries is discussed, including the implications for inter-
national trade, economic activity, public finance and the financial sector. The chap-
ter concludes with the general argument that the financial system is affected by 
changes in the resource industries and their shift to a circular economy, and that it 
can facilitate that shift if the political, legal and regulatory framework is right. 
Finally, a suite of criteria for investment in support of resource sector transforma-
tion and the circular economy is proposed.
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8.1  Introduction: Investment Criteria and the Variety 
of Resource Plays

Invest in businesses that “offer products and services for reducing the use and consumption 
of non-renewable resources, or help in substituting non-renewable with renewable resources 
from sustainable production”.

Do not invest in businesses that “extract natural resources or enable such extraction”.

These two rather simple, complementary statements are starting points for defin-
ing what financial investors can and, in their self-interest, should do in the field of 
resource husbandry—in the mining industry also referred to as materials steward-
ship (ICMM 2007)—from extraction or mining through the life cycle to recycling 
and waste management. They are drawn from the criteria that define the investment 
philosophy of Ökoworld Lux SA (2016, p. 8–9), a financial asset manager specialis-
ing in sustainable investment products. However, for such criteria to work, they 
must not be treated as absolutes but interpreted, weighed and applied in context.

The Ökoworld philosophy is based on environmental, social and ethical criteria 
that guide the search for investment opportunities in companies that contribute to 
building a sustainable economy and society. Such companies can be expected to thrive 
as global changes force transformations in the dominant patterns of extraction, pro-
duction, infrastructure, consumption and post-consumption resource management. 
The criteria are meant to provide a viable system for identifying businesses that will 
be “winners of the future”, i.e., companies that will likely benefit from the changes 
that are necessary for humanity to live within its planetary boundaries. Likewise, the 
criteria also help identify businesses that must close—or undergo costly restructur-
ing—as the world undergoes the necessary transformations. Most financial investors 
will want to avoid such companies and the losses they are doomed to generate.

Resources are extracted, processed, traded and used in value chains that link 
producers and consumers across continents, countries and business sectors. These 
value chains are highly complex, and no two criteria can do justice to the practical 
challenges of assessing resource management. This becomes obvious when consid-
ering this typology of resources:

• Fossil resources, such as coal, lignite, oil, gas and, some say, peat, that are 
extracted mostly for one-off consumption, although a small part may be con-
verted into durable products and wastes;

• Mineral resources, other than fossil resources, such as ferrous and non-ferrous 
metals, metalloids and non-metals, which are extracted for both one-off con-
sumption and subsequent dissipation and for repeated use in systems that allow 
for recycling. Some such resources, like gold or gemstones, enter relatively sta-
ble stocks that are managed by humans or as raw materials, before becoming part 
of the approximately 30 trillion tonne technosphere comprised of buildings and 
products (Zalasiewicz et al. 2016);

• Biological resources resulting from growth in natural, managed or artificial eco-
systems, such as fish (and marine mammals), kelp, bushmeat, timber, agricultural 
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crops, farm animals and their products (e.g. chicken eggs), kitchen garden produce 
etc., all the way to pharmaceuticals grown in biological reactors. Most biological 
resources are for one-off consumption, but some products may be durable;

• Environmental flow resources, such as wind, sunlight, rain and water flow, ocean 
currents, tides and waves or geothermal heat. By their nature, these resources are 
permanently renewed in many locations but vary in their availability over time. 
They must be used when they exist or will be lost (to humans).

All these resources have different industrial and other uses, investment cycles 
and capital needs; they provide a multitude of financial opportunities. The number 
and variety of businesses in the resource sector is large; there are many “resource 
plays”—large and small, specialised or diversified—for investors with different 
appetites for risk, time horizons, geographic preferences etc. There are financial 
analysts and reporters working on technologies and companies for every relevant 
element in the Mendeleev periodic table, from Lithium (Li) to Uranium (U), even if 
there are no good uses for the latter. Carbon (C) in solid, liquid and gaseous form is 
the basis of an industry with a perhaps inflated $33 trillion in asset value to lose as 
the world shifts to low-carbon technologies (Ryan 2016).

More criteria than the two highlighted at the beginning of this chapter are obvi-
ously needed to do justice to the variety of resources; more differentiation and more 
nuances. Some additional ones are proposed at the end of this chapter. The practice 
of investment decisions also requires priorities for the short, medium and long term, 
especially in a sector where the “long term” is really long. Many mining activities 
are more durable than the states that are supposed to govern and regulate them 
(Kraemer 2016). In some cases “mining and mining law” are—proverbially—
“above the constitution” in the sense that pre-existing rights, the economic might 
and political influence of mining companies, their links to foreign powers, as well 
as international agreements (notably on investor protection) limit the ability of gov-
ernments to regulate the sector, especially in areas of limited statehood suffering 
from the “resource curse” (Auty 1993, 1994; Ross 1999; Global Witness 2017).

In financial markets, priorities are expressed in prices and price changes over 
time. The value or price of the various resources, and therefore their attractiveness 
for investors, depends on their scarcity, the benefits generated by their use, the cost 
of extraction, and other characteristics, such as the inert nature of some metals like 
gold that make them useful as near-permanent stores of value.

In society and policy, priority can also be the result of the consequences of 
resource use that are not captured by financial markets. The chief example is the 
“price of carbon”, which is meant to reflect the damage that carbon emissions do to 
the Earth’s atmosphere, hydrosphere and biosphere, damage which is material if not 
financial, for current and future generations. There are only a few examples, all of 
them recent, of collective (non-financial) preferences being expressed through pol-
icy, law and regulation to affect prices on financial markets and thus influence the 
allocation of capital. The political creation of price signals that reflect environmen-
tal or social externalities is strongly resisted by many in the financial markets, not 
only because they are designed to disrupt incumbent businesses but also as a matter 
of principle. Policy must not, so the credo, be allowed to interfere with financial 
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markets, which are, in the self-interested eyes of many in the sector, best left unreg-
ulated. Still, others point to the discrepancy between humanity’s need for changes 
in production and consumption patterns and the direction in which the financial 
markets push business behaviour and demand a political reconfiguration in the way 
financial markets work.

As markets evolve, linkages between regions, sectors or products can change in 
surprising ways. This was illustrated by the spike in energy prices and the height-
ened interest in bioenergy, notably in the United States, roughly in the period 2005–
2008. High energy prices resulted in increased demand for land, soil and water, and 
the prices for food and feed crops rose accordingly to match the revenue and profit 
expectations of farmers and land owners. The knock-on effect of energy policy 
favouring biofuels—prominently in the form of corn-derived ethanol as a high- 
octane additive to car fuel—resulted in a direct price link between food and fuel on 
world markets, to the detriment of the poor.

Although all types of resources, raw materials and commodities are captured by 
the concept of a circular economy, the focus in this section is on fossil energy 
resources and minerals. This is because the discussion on the economic and finan-
cial consequences of changes in the energy economy on the financial system are a 
topical concern, and financial markets have already learned to deal with a number 
of specific challenges emanating from the metals and mining sector.

8.2  Fossil Energy Resources with Few Options for Circular 
Management

The decline of the fossil energy industry has become a global concern and regular 
item on the agenda of G20 Heads of State and Government as well as G20 Finance 
Ministers and Central Bank Governors. The issue rose to prominence and could no 
longer be ignored after being the focus of a speech by the Governor of the Bank of 
England, Mark Carney (2015), before insurers at Lloyds of London. Subsequently, 
the leaders of the G20 countries asked the Financial Stability Board (FSB) to estab-
lish a Task Force on Climate-Related Financial Disclosures (TFCD) to provide 
analysis on the issue and advice on how to deal with it (TFCD 2016). The main 
concern is that a decline in asset values may trigger crises that would then spread 
through contagion in the wider financial system; crises that need to be guarded 
against and prepared for.

Important as that may be, the decline of the fossil industry is both inevitable and 
desirable. There are attempts to “think circular” in relation to fossil carbon and to 
develop technologies for carbon capture and storage (or sequestration), commonly 
referred to as CCS. The primary aim here is to avoid the release of carbon dioxide 
(CO2) into the atmosphere or to strip CO2 out of the atmosphere and dispose of it in 
such a way that it no longer contributes to the heating of the planet. The advantages 
from the point of view of the incumbent fossil industry and the financial sector are 
clear. CCS is an add-on technology that protects existing plants, businesses and 
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investments. It prolongs the path on which the industry depends. It is also capital 
intensive, which is attractive for rent-seeking investors, especially if policy-makers 
can be persuaded to grant subsidies to the industry. It is furthermore a technology 
that some hope can be appropriated through patents (and other intellectual property 
rights) so that it may earn high long-term rents. However, CCS closes no cycle.

There are technological options for managing carbon in cycles, both in biologi-
cal and in technical systems. The carbon that is taken out of the air (or water) and 
fixed through photosynthesis in biomass can be used as a fuel. Bioenergy can be 
stored and transported in solid, liquid and gaseous form. When burned for heat (and 
power, as the case may be), the carbon is released back into the atmosphere.

Technical processes that work in a similar way are being developed for the con-
version of renewable “power to gas” and “power to liquid”, using renewable elec-
tricity in times of abundance of supply. These processes would provide new options 
for energy storage, transport and conveyance of renewable energy using existing 
storage and distribution infrastructure of the oil and gas industry. Also, the various 
approaches in the conversion of power-to-gas or power-to-liquid can provide fuels 
or feed-stock for the chemical industry. The central concept is simple: when there is 
insufficient demand, renewable wind or solar power, which fluctuates in availability 
irrespective of demand, is used to split water (2H2O) into hydrogen (2H2) and 
oxygen (O2). The H2 is then combined with carbon from CO2, which is taken from 
the atmosphere or the off-gas from combustion processes, to form methane (CH4) 
first and then longer chains of alkanes and their derivatives.

The products are gaseous and liquid fuels, which can be integrated into existing 
distribution or “down-stream” infrastructure that is a legacy of the fossil oil and gas 
industries. Power-to-gas and power-to-liquid technologies are expected to be cost- 
competitive as soon as the penetration of renewable energies is such that there is 
“surplus” renewable power often and long enough to operate the conversion plants 
1000s rather than 100s of hours in a year.

The implications for strategic energy security are clear: synthetic gas, transport 
and heating fuels as well as feed-stock for industry derived from domestic renew-
able energies can substitute for fossil energy that otherwise has to be imported. Each 
step in the conversion also improves the storability of the product. The technology 
facilitates the creation of reserve stocks of derived gaseous and liquid fuels, which 
can be used in times of no wind during a dark and cold winter period to power 
efficient heat-and-power plants (Kraemer 2016).

8.3  Circular Management of Mineral Resources: Metals, 
Metalloids, Non-metals

The metals and mining industry provides many opportunities for circular resource 
management as many, but not all, elements occur in aggregate, solid form and can 
be used, re-used and recycled many times. Some elements tend to dissipate more 
easily, because of their chemical and physical properties or because how they are 
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used. For instance, while platinum in jewellery is rarely lost, platinum in the cata-
lytic converters of cars is rarely fully retrieved.

The mining industry presents a number of challenges with respect to environ-
mental protection, human rights—in regards to the rights of indigenous peoples, 
working conditions and worker rights—and the industry’s influence in government. 
The emergence of repressive, autocratic regimes that seek to capture the rent from 
resource extraction, tend to be or become corrupt, suppress opposition and eventu-
ally need to maintain control through violent means.

Those companies that are listed on stock exchanges and are therefore subject to 
the scrutiny of financial analysis have an interest in understanding the possible repu-
tational or financial implications of such behaviour (whether it comes from the com-
panies or from government officials acting in the interest of the mining sector). 
Activists around the world also highlight abuses by smaller companies and other 
operations, including artisanal mining under repressive or dangerous conditions and 
illegal operations. Prominent issues are “conflict minerals”, “conflict diamonds” or 
“blood diamonds”, but the list also includes the impact of mining operations on 
water supply and water quality, general levels of corruption and money laundering. 
Some groups call for divestment from the sector; they demand that institutional 
investors shun projects and companies that engage in inhumane mining practices.

The financial and the mining sectors have developed responses, such as a col-
laboration on materials stewardship, eco-efficiency and product policy (ICMM 
2007). Furthermore, environmental, social and ethical rating agencies have devel-
oped detailed approaches on how to analyse and judge companies in the sector 
(e.g. Oekom Research 2013). These go beyond the assessment of financial risk and 
include broader aspects such as reputational risk, regulatory risk or a potential loss 
of social licence to operate. In effect, these agencies translate concerns from activ-
ist organisations, such as Global Witness, into metrics and valuations that can be 
integrated into financial analysis. At the 2002 World Summit on Sustainable 
Development, the United Nations (UN) initiated the establishment of the 
Intergovernmental Forum on Mining, Minerals, Metals and Sustainable 
Development (IGF). The forum is hosted by the International Institute for 
Sustainable Development (see IISD 2016) and holds general meetings annually to 
discuss the main issues affecting the industry, including the internationally agreed 
Mining Policy Framework (MPF).

An alternative to (some) mining is recycling, which is also fraught with chal-
lenges, especially when it comes to recycling those materials and elements that 
have low value. The recycling industry grew out of the waste management industry 
and is often still based not on market values of the recycled materials but on regula-
tory requirements. The goods the industry handles often have a negative economic 
value, which results in what economists term “moral hazards”: When dealing with 
substances of positive value, all involved in trading it can be expected to stop 
release into the environment because that would cause an economic loss, but no 
such precautions can be expected if the value of substances or materials is negative. 
More regulation and more enforcement are needed to counter illegal release or 
dumping. The intensity of regulation in the sector also creates risks of collusion 
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between businesses and regulators, and many in the law enforcement agencies 
regard the waste management and recycling industries as vulnerable to organised 
crime (Klima et al. 2009).

The recycling industry, like the metals and mining industry, is also internation-
ally connected. Again, there are problems, such as the illegal export of electronic 
and other hazardous waste from the EU and other developed countries for “recy-
cling” in China and other emerging economies and developing countries. Some 
such wastes are not processed for material recovery but simply dumped. Others are 
processed in ways that would not be legal in the country of origin and disregard 
health, worker safety and environmental protection. Again, the animus of such 
activity is criminal energy and intent, and there is relatively little the financial sector 
can to.

One approach to deal with the challenge is the Dodd-Frank Wall Street Reform 
and Consumer Protection Act of 2010  in the United States (which US President 
Donald Trump has pledged to repeal). The core of the Act deals with changes to the 
regulation of financial services and institutions in the US after the recession starting 
in 2008. However, the Act also includes provisions that might be considered of 
marginal relevance to avoiding another financial crisis in the US. Some of these 
address the metals and mining and fossil energy industries and notably establish 
requirements for the:

• Disclosure of conflict materials in or near the Democratic Republic of the Congo;
• Reporting on mine safety; and
• Reporting on payments by the oil & gas, the coal and minerals industries for the 

acquisition of extraction or mining licenses.

By virtue of the Act, it is now commonplace for affected industries to work with 
their suppliers and trace the origin or provenience of minerals and materials that 
could be tainted with blood as a consequence of the situation in Central Africa. 
Cooperation across sectors has resulted in a monitoring system that captures most 
of the relevant smelters and approximately 90% of the materials traded. Company 
reports usually contain a specific number of smelters that they may be exposed to 
but cannot verify, and a percentage of materials procured from places they treat as 
“grey zones”. The evolution of the coverage and accuracy of these reports is watched 
not only by (US) government regulators but also by financial analysts, because fail-
ure to keep up with the evolving good practice in the industry might expose a com-
pany to regulatory and reputational risk, but also because it would serve as an 
indicator of general management failure that may affect the governance of a 
 company as a whole. Conversely, continuous improvement in coverage and accu-
racy can be regarded as a sign of good management.

This example shows that the financial system can act in the interest of resource 
as well as development policy, but that in order to do so effectively, it requires a 
policy-induced regulatory framework and an innovation dynamic that aligns short- 
term micro-economic decisions at firm level with longer-term macro-economic 
welfare for society. The intended result is a technological and economic transforma-
tion of the resource industry, including the waste management and recycling indus-
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try, towards an ecologically sustainable circular resource economy. The 
transformation of the energy sector holds some lessons and has implications for the 
wider resource sector. These will be explored in the next section.

8.4  Implications of the Unstoppable Shift Out of Fossil 
Energy Resources

The current shift from fossil energy resources to “green” energy—renewable energy 
plus storage in many smart grids—is now a global phenomenon (IEA 2016). For 
economic reasons, this energy transformation (or Energiewende) has become self- 
sustaining and self-accelerating where it has already started, and self-replicating in 
an increasing number of countries, regions and locations.

The main reason for this boom in green energy is decreasing costs for key energy 
technologies and equipment, especially wind turbines, solar panels, storage systems 
and smart energy management systems. The cost reductions are consequences of 
technology learning that is projected to continue for years to come. The costs of 
fossil energy, by contrast, are rising. The currently low-to-medium world market 
prices for fossil energy commodities cannot hide the fact that these resources are 
getting ever more difficult and expensive to extract and bring to market.

The urgency of climate change and its impacts—global overheating, extreme 
weather events, desertification, ocean acidification and sea-level rise leading to 
flooding of coastal areas and low-land river plains—is increasing. The environmen-
tal and social costs of fossil energy use have moved from economics textbooks onto 
front pages and news channels. Financial analysts at Trucost conclude that the high-
est external damages (so-called externalities) are caused by coal-fired power in 
Eastern Asia and Northern America and are estimated at US$ 453 billion per annum 
and US$ 317 billion, respectively. These consist of the damage impacts of GHG 
emissions, health costs and other damage due to air pollution. “In both instances, 
these social costs exceeded the production value of the sector” (Trucost 2013). 
Policy-makers respond by removing some of the subsidies and privileges for the 
fossil industries and by placing “a price on carbon” through taxes or emission trad-
ing systems.

The fossil energy industries are reaching the end of their historical cycle and los-
ing their social license to operate. Bankruptcies of major coal companies signal a 
trend that is spreading to the oil and gas industry, a trend that is increasing investor 
risk in an industry with dim prospects of long-term recovery. The result may be a 
denial of capital as institutional investors pull out of the industries, as they are being 
asked to do by activist investors and the growing divestment movement, and as they 
are being nudged to do by ever more stringent risk-disclosure requirements.

The demise of the fossil energy industry overshadows the parallel decline of the 
much smaller nuclear power industry. Devoid of economic justification, it cannot 
compete without massive subsidies and privileges, and these are increasingly difficult 
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to hide. This industry will probably not die, but shrink to what it can be without 
economic rationale: a military technology with marginal relevance to the energy 
economy.

The contrasting evolutions of the major energy technologies (green energy sys-
tems on one side and fossil and nuclear on the other) result in a historic cross-over. 
The cross-over point, called (cost) “parity” by economists, is usually represented by 
the intersect of the two curves in their diagrams. In the real world, parity is both a 
range and an episode. Renewable smart energy systems are generally getting 
cheaper, but have different costs in different locations. The same is true for fossil 
(and nuclear) energy systems. The competitive advantage becomes relevant primar-
ily when investment decisions are made. In other words, there are discrete points in 
time when parity becomes relevant.

The overall effect, however, is simple: in ever larger parts of the world, all new 
investment goes into renewable smart energy, and progressively, capital is being 
withheld from the fossil and nuclear industries. Because it is based on sound eco-
nomics, this shift is not only unstoppable but also transformational. At the end, the 
winner takes all; essentially, the whole market will shift to renewable energy, simi-
lar to the way motor cars replaced horses in transport 100 years ago.

This energy transformation will have significant and potentially disruptive 
impacts in other areas, notably trade, investment, growth and tax revenue and the 
ability of companies and countries to service debt. This disruption should be antici-
pated and prepared for, so that negative effects can be mitigated and risks of conta-
gion can be contained. The disruptions are balanced by a range of obvious benefits 
of the energy transformation, which are summarized in the next section.

8.5  Financial, Economic and Trade Impact of Phasing 
Out Fossil Resources

The ongoing shift from fossil energy resources towards renewable energy has impli-
cations for capital formation, finance and investment, the wider economy and trade. 
These are worth exploring because their significant impact and the resulting finan-
cial risks and consequences are not yet generally understood.

8.5.1  Impact on Export, Trade and Import of Various 
Resources and Materials

Simply put, there is an ongoing shift from trading chemical energy commodities for 
consumption to trading durable equipment for the conversion of (kinetic) energy in 
environmental flows into electricity as a first product.
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The old fossil energy systems mine coal and extract oil and gas, which are stocks 
of preserved energy, from sites where they occur and uses an extensive—and expen-
sive—global processing and long-distance transport infrastructure to bring deriva-
tive products to market for consumption. The energy itself is traded in its chemical 
form as a commodity. Once a site is exhausted of its resources, the industry moves 
on, progressing from locations that are easy and cheap to work in to those that are 
more difficult and expensive. Although technical innovation may obscure it at times, 
the operational costs of the fossil energy system rise over time (Lovins et al. 2005; 
summarized and updated in Lovins 2012).

In contrast, the new renewable energy systems harvest environmental flow 
resources, which are near ubiquitous so that the energy, often in the form of electric-
ity, does not have to be transported over long distances. Many technologies are suit-
able for deployment at small-scale, which creates the option of self-supply for many 
users, which then produce the energy they consume and become “prosumers”. In 
such cases, the energy itself is no longer traded. Once a site has been developed for 
harvesting renewable energy flows, it can be used theoretically in perpetuity, even if 
physical structures and equipment must be replaced from time to time in practice. 
In consequence, the new energy systems tend to get cheaper over time, especially as 
prices for the initial equipment fall rapidly.

Overall, this results in lower trade volumes, both in total and in terms of interna-
tional trade. The main fossil energy producing countries will have declining exports, 
and the importing countries will save on their fossil energy import bill. This overall 
phenomenon can be broken down into three components:

 1. Substitution effect: whether resulting from fracking for oil and gas (in North 
America) or the growth of renewables (everywhere), renewable energy reduces 
the market share of fossil energies;

 2. Quantity effect: in consequence, the volume (or mass) of internationally traded 
energy commodities declines;

 3. Price effect: with lower demand and thus increased competition in the fossil 
energy industries, the revenue per unit of volume or mass declines; the value of 
trade declines even faster than the volume of trade.

These three components are likely to persist because they are underpinned by the 
changing economics of the energy systems, which have resulted in renewable 
energy being cheaper than fossil (or nuclear) energy (Randall 2016a, b; Sussams 
and Leaton 2017).

The old and the new energy systems still require large capital investment in infra-
structure and equipment, but the raw materials used are likely to change over time 
(cf. Angerer et al. 2016). Even if technologies evolve and the long-term evolution of 
the energy system is uncertain, one can surmise that there may be a shift from fer-
rous metals that dominate the manufacture of equipment for the coal, oil and fossil 
methane industries to more non-ferrous metals and other elements used in to manu-
facture renewable energy, storage and ICT equipment for smart energy systems.

The decline of the fossil energy industry will leave behind “stranded assets” in 
the form of redundant equipment that can be recycled in the building of the new 

R.A. Kraemer



141

energy industry, which will also require new resources to enter the technosphere. 
The current overcapacity in the steel sector is already a concern for investors and 
even governments, to the point that the G20 leaders meeting at the summit in 
Hangzhou, China, in September 2016 addressed the issue in their final declaration 
(G20 2016, para. 31).

These developments might result in sectoral and geographic shifts in the trade of 
raw materials with new opportunities for some mineral-exporting countries. It is 
possible that the shift toward the new energy systems might be slowed in the short 
and medium term by bottlenecks in mining for elements that will be in higher 
demand. The expectation of higher demand in volume and value is already attract-
ing new investors into the field, as the results of a web search for “lithium plays” 
will demonstrate.

The processing of materials and manufacture of equipment (for investment in the 
energy sector) and goods, such as batteries for electric cars (for medium-term use 
followed by recycling), is currently finding new locations around the world. There 
is a trend to build very large manufacturing plants, so-called giga-factories, to reap 
economics of scale and accelerate the system transformation. It is unclear if this 
trend will persist, but the emerging industry structure might facilitate the circular 
economy of the resources employed through take-back and collection systems with 
quality control and high expertise in the processing of the materials involved.

There may be also significant growth in down-stream trade in renewable energy, 
including fuels from (renewable) power-to-gas and power-to-liquid conversion 
processes. There is furthermore a potential for (small or incremental) increases in 
international trade in electricity and renewable-power-derived fuels, where inter-
connections exist and temporal, geographic differences in the available of natural 
environmental energy flows make such trade advantageous. However, the overall 
impact of the shift from the old fossil energy to smart renewable systems will likely 
lead to the decline and cessation of (bulk) fossil energy commodity trade, resulting 
in a loss of trade in value and volume. These losses will likely not be compensated 
by net increases in the trade in other raw materials and manufactured goods (Kraemer 
2017).

8.5.2  Impact on Investment, the Economy (GDP), Tax Revenue 
and Subsidies

Furthermore, the total capital needs of the new energy system may well be signifi-
cantly lower than those of the old energy system. “Every time the world’s solar 
power doubles, the cost of panels falls by 26%” (Randall 2016a), a far above aver-
age effect of technology learning. The corresponding effect for on-shore wind is not 
as high, but at 19% is still above average. So far, technology learning in storage 
technology seems to replicate the downward cost trajectory of solar power (AECOM 
Australia 2015; Lazard 2016). Judging from the reports about new findings in 
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material research laboratories, it can be assumed that the trend will continue for at 
least another 5–7 years before technology learning may settle at a more average 
pace.

New configurations of equipment using low-voltage, direct-current (LVDC) 
technology are not only cheaper to build but also much more energy efficient to run. 
They can provide low-cost modern and smart energy in areas that are not currently 
served by the power grid, at a technical complexity that is similar to motorcycle 
maintenance and smartphone applications. With such installations mushrooming in 
rural areas with no grid or unreliable grids, large scale investment may no longer be 
required for central power stations and regional or national grids. The investment 
needs of the new energy system can be shouldered by individual households (Vinci 
et al. 2017).

In consequence, there is a greatly reduced need for central coordination of the 
electricity system and accordingly a much lower need for the deployment of large 
(aggregated) capital. Indeed, capital formation may shift, at least partly, from large 
aggregators (e.g. stock markets, funds, governments) to individuals, households, 
microcredit institutions or mutual saving institutions serving local communities. 
Lower overall capital needs of the new energy industry imply lower opportunities 
for capital deployment, and a downward pressure on interest levels.

It follows that not only international trade, overall trade, value of the energy 
system and capital needs decline, but that business volume may also be greatly 
reduced, due to both a rising share of self-supply that is neither business nor taxable 
and the reduced cost of the industry and its products and services. Economic activity 
(as measured by GDP) would be smaller compared to the business-as-usual 
scenario.

Tax bases are also likely to shrink, because of the lower capital values employed 
and the lower volumes and values of energy bought and sold. This effect should be 
roughly in line with the decline in GDP, except that the impact on public finance 
would be mitigated by phasing out subsidies for the fossil energy industries and a 
lower overall need for public funding to deal with the external environmental and 
social costs, the “externalities” imposed by the fossil energy industries on the pub-
lic. The value of subsidies (in 2012) was estimated to be Euro 57 billion per annum 
for Germany, of which 90% is linked to the energy system and climate damage 
(Köder and Burger 2017). The OECD (2015) estimates that direct subsidies to the 
energy sector account for hundreds of billions per year, and the total value of global 
subsidies, including external costs, has been estimated by the International Monetary 
Fund (IMF) to be $5.3 trillion (Coady et al. 2015).
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8.5.3  Value Creation from Electrification and an Economic 
Paradox

Despite the reductions in cost, value, trade, economic activity and tax revenue from 
the energy sector that can be expected, the energy transformation is likely to be 
beneficial. This is not only because the money saved on energy supply can go to 
other and potentially better uses but also for the following two reasons:

 1. The total value of damages caused by the industry will diminish; the external 
cost, for example, in the form of an overheated planet and a legacy of radioactive 
waste that needs to be kept safe and managed for thousands of future genera-
tions, will stop rising;

 2. The shift towards electricity as the main energy carrier will help in the creation 
of additional value beyond what was possible with the chemical and thermal 
energy from fossil resources.

Electricity is a noble form of energy, more physically valuable than the equiva-
lent chemical energy contained in fossil fuels. The cost of extracting, processing 
and bringing fossil energies to market, plus profits, determine the price consumers 
pay. Those prices tend to rise as fossil fuels become more difficult to extract. 
Renewable energies, especially solar and wind energy, rely on the harvest of free 
environmental flows; their costs are determined largely by the capital expenditure 
for photovoltaic equipment and wind turbines, divided by the respective life-time 
output of electricity (in kWh). These costs tend to come down over time. 
Paradoxically, the energy with lower physical value has higher costs and prices, and 
the physically superior electricity is getting cheaper.

The physical value of electricity translates into properties that increase the eco-
nomic value of electricity for end users. It can be transformed quite easily into other 
forms of energy—movement, light and heat. Electricity also enables modern infor-
mation and communication technology (ICT), which is at the heart of the transfor-
mations or “digital disruptions” (Khare et  al. 2017) that improve efficiencies at 
many levels.

The demise of fossil fuels and the rise of renewable electricity together produce 
an apparent paradox in economic development, to the benefit of end users. In return 
for lower total energy costs they obtain a more valuable form of energy that allows 
them to create additional value in manifold ways. There is a very large additional 
“consumer rent” they can enjoy. The value of this rent is difficult to estimate, and it 
is likely that a large part of it will be enjoyed in ways that are not captured by eco-
nomic statistics or subject to taxation. Well-being (and perhaps happiness) may rise 
but not be reflected in GDP growth or an increase in tax revenue.
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8.6  Criteria for Resource Husbandry and Circular Economy 
in Finance

The challenges for moving towards resource and material management guided by 
the logic of a circular economy must be met by businesses of many sectors. This is 
obviously the case for the fossil energy and the metals and mining sectors, but is 
also true for the waste management and recycling industries. It even applies to all 
companies that design, produce, service or maintain, or repair goods of many kinds. 
Ways to improve the “eco-efficiency” of business activities, products, services, and 
consumption patterns include the “cradle-to-cradle” approach (Braungart and 
McDonough 2002) or (total) life cycle assessment (LCA) among many others.

8.6.1  Criteria for Resource and Material Flow

Investors could look for companies or use their influence as shareholders to ensure 
that the companies they are invested in have resource and material management 
systems in place (Jasch 2009) not only as part of their own environmental manage-
ment systems but also in their relations with and influence over suppliers and (busi-
ness) customers. Such management systems within companies and along value 
chains are useful for understanding resource flows, (potential) bottlenecks and other 
vulnerabilities to disruption in supply quantities or quality, potential alternative 
sources and substitutes.

Assessing the impact of resource and material use on natural capital and ensuring 
extraction and mining operations or production and processing systems have the 
least negative impact on ecosystems and social conditions can be important for 
customer relations, access to markets and minimizing the impact of future legisla-
tion adopted to protect social and environmental interests. The example of conflict 
minerals and the legislation forcing businesses to cooperate along value chains to 
trace the sources of their raw materials is an illustration.

Linking resource and material management systems to operational decision- 
making as well as product development and innovation can be done through internal 
“shadow pricing”. The direction of research and innovation should be to seek out 
opportunities to improve resource and material efficiency, substitution of scarce, 
dangerous or environmentally harmful resources and material with more benign 
alternatives.

Substitution can be through “drop-in substitutes” that leave the production sys-
tem and product design essentially unchanged. They can be through changes in 
production processes that require reconfigurations in factories but leave product 
definitions largely unchanged, or they can completely new products or services. In 
any case, substitution is likely to affect suppliers and customers in some way, and it 
is best to involve them as member of a co-development community of new 
approaches to resource and material management. Financial investors will know 
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that the market embeddedness and thus future business of their investee companies 
is thus protected.

Including such aspects in the investor analysis of businesses (and even whole 
sectors) will help identify resources, commodities, value chains and businesses that 
are at risk of scarcity and supply disruption, the impact of regulation. Investors 
might avoid investing in—or choose to divest from—companies that fail to track 
sourcing and use of materials, value their social and environmental impact and 
investigate substitution options. Such companies are vulnerable to disruption of 
their business model.

Investors would be wise to anticipate government action in the form of policy, 
law and regulation wherever the social and environmental cost of resource extrac-
tion, processing, use and waste are particularly high in general or at the global level, 
or where consequences are concentrated and lead to localized extremes that may 
trigger consequences. The underlying thinking is that governments will be forced to 
address the social and environmental consequences sooner or later, and that disrup-
tion will be harder for those companies that fail to anticipate and prepare.

8.6.2  Criteria for Product Stewardship, Reuse and Recycling

Companies in the fossil energy and metals and mining sectors, from extraction or 
mining to processing of raw materials and trading of commodities, as varied as they 
are, are still not as diverse as the companies in the many sectors that produce goods 
and services. And yet, most or all such companies have an impact on resource 
and material management through their, choice of raw materials, product design, 
durability and ease of repair, after sales services including maintenance and repair, 
take- back policies, refurbishing of their own goods to give them a “second life” and 
the reuse and recycling possibilities they offer. Financial analysts and investors 
should therefore develop and apply appropriate sets of criteria for the various 
sectors and types of business.

8.7  Conclusion

This chapter began with an example of relatively simple criteria for (portfolio) 
investment guided by environmental, social and ethical concerns. Such non- financial 
considerations are becoming more accepted as the financial services industry learns 
that they can help improve performance, help ensure due diligence in the monitor-
ing of investee company governance and ward against losses from bad management 
and cyclical downturns. The financial services industry is also developing its capac-
ities for managing investments with the help of non-financial criteria and supports 
divestment from companies with business models or practices that do more harm 
than good (Lewis and Pinchot 2016). In essence, ever larger parts of the financial 
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services industry have now moved to include non-financial criteria as proxies for 
long-term financial parameters.

The example of the fossil energy industry—a sector that is subject to divestment 
campaigns as well as being denied capital by some institutional investors because it 
produces unacceptable external environmental and social cost—shows that non- 
financial criteria can help anticipate the decline and eventual demise of an industry. 
Thinking through the implications of that decline on the wider economy, and the 
metals and mining sector in particular, reveals opportunities for strengthening the 
resource and materials economy starting from the extractive primary stage. The 
example of the Dodd-Frank Act demonstrates the importance of policy, law and 
regulation in guiding the industrial sector and the financial services industry to 
address concerns that are not financial in the short run but are nevertheless impor-
tant and potentially material in their longer-term financial implications.

The conclusion from this reflection is that the financial system cannot be expected 
to take on non-financial arguments, unless they are proxies for financial criteria. 
Where economic and financial considerations steer investment in an undesirable 
direction, policy-makers must respond with clear signals and economic incentives 
(or disincentives). That will be no different when it comes to promoting the circular 
economy; governments must get the political, legal and regulatory framework right.
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Chapter 9
Developing Resource Competence – Anchoring 
Resource Conservation and Efficiency 
in the German Education System

Carolin Baedeker, Holger Rohn, Michael Scharp, and Jaya Bowry

Abstract Commissioned by the Federal Environmental Agency (Umweltbun
desamt), the project “Identifying and Developing Opportunities for All Areas of 
Education in the Fields of Resource Conservation and Resource Efficiency” 
(BilRess) contributed to raising awareness for resource conservation and resource 
efficiency by further incorporating these subjects in all areas of education in 
Germany. After an inventory analysis of existing offerings on resource conservation 
and resource efficiency, the areas in need for action have been successfully identi
fied and possible approaches for different educational contexts were suggested. 
Based on this, the “Road Map Resource Education” was developed. This lays the 
foundation for the integration of the subjects resource conservation and resource 
efficiency. Concurrently, the BilRess website (www.bilress.de) and the network 
“Education for Resource Conservation and Resource Efficiency” was created.

The project was funded through the German Federal Ministry for the Environment, 
Nature Conservation and Nuclear Safety (BMU) within the context of the Ufoplan 
2012 (FKZ 371293103). After the closure of the project, the BilRessNetwork con
tinues to be carried out in the framework of the “Kompetenzzentrum 
Ressourceneffizienz 2015–2019” (Competence Centre for Resource Efficiency 
2015–2019), which is run by the VDI Centre for Resource Efficiency (VDI ZRE). 
This paper outlines the course of the project and presents its results. It focuses on 
developing recommendations, strategies and best practices for further anchoring the 
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subjects resource conservation and efficiency in the German educational system. 
Additionally, the development of the BilRessNetwork is outlined and a forecast on 
the topic of resource education is provided.

Keywords Resource efficiency • Resource conservation • Resource education  
• Competencies • Roadmap for resource education • Network

9.1  Resource Education: Initial Situation and Problem 
Context

The natural resources available on Earth are limited. Their exploitation goes hand in 
hand with considerable negative effects for humans and the environment, In light of 
these and other challenges linked to climate change, the conservative and efficient use 
of natural resources are important goals we should be pursuing with all the means 
available to us. Economic costs linked to the exploitation of resources are also consid
erable. Material costs represent a hefty cost factor for the processing industry in 
Germany, amounting to 57.4% (Destatis 2015) of the total turnover (approximately 
1976 billion euros, as of 2013). Whilst there still is no (global) decoupling of eco
nomic growth from the exploitation of resources, we remain on a nonsustainable path.

The resource transition, like the energy transition, is an unavoidable step towards 
sustainable development (Liedtke et al. 2014, 2015). It is essential that we drasti
cally curb our consumption of resources (metals, minerals, etc.) and the pollution or 
consumption of the environmental media (earth, air, water) if we are to reach a more 
sustainable level (German Federal Government 2012; BMU 2012). The exploitation 
of natural resources due to human activity has continually risen over the past few 
decades, and global resource extraction is now more than twice as high as it was 
thirty years ago. Whilst in 1980 the figure was still around 36 billion tons a year, by 
2011 it had risen to 78 billion tons (SERI/WU Vienna 2014; BMUB 2016). By 2050, 
the global population will have reached around ten billion people, and if our con
sumption habits remain the same, then “more than 140 billion tons of minerals, ores, 
fossil fuels and biomass” (BMUB 2016: 11) will be required (UNEP 2011). 
Economic studies show that the total material consumption (TMC)1 in most indus
trialised countries amounts to an average of 40 to 50 tons per capita each year. It has 
therefore exceeded a manageable level four or fivefold (Dittrich et al. 2012; Bringezu 
et al. 2009; Lettenmeier et al. 2014). According to calculations made in Germany, 
the total consumption of raw materials in the area of production and consumption 
amounts to 73.3 tons per capita (Wang et al. 2013; Bringezu et al. 2009). In contrast, 
for an average citizen – based on the area of consumption – sustainable resource 
consumption is estimated at around 8 tons per capita, per year. Corresponding 
 measures and altered consumer behaviour could enable us to reach this level by 2050 

1 http://www.un.org/sustainabledevelopment/sustainabledevelopmentgoals/

C. Baedeker et al.

http://www.un.org/sustainabledevelopment/sustainable-development-goals


151

(Lettenmeier et al. 2014). Here, a fundamental shift in the approach to resources 
must be based on two pillars: resource conservation and resource efficiency 
(SchmidtBleek 2007). Given its significance, the topic of resource consumption has 
found its way onto the agendas of Europe’s environmental and economic policy 
makers (e.g. “Thematic Strategy on the Sustainable Use of Natural Resources”, 
2005; the flagship initiative “Resourceefficient Europe”, 2011; “Roadmap for a 
ResourceEfficient Europe”, 2011). At the national level, the German Federal 
Government had already formulated the goal of doubling rawmaterial productivity 
by 2020 (compared to 1994) back in 2002 in the German Sustainability Strategy. 
Continuing on from this, in 2007 it became a primary goal to develop the German 
economy as a resourceefficient economy by 2020 (BMU 2007). Adopted on 29 
February 2012, the “Programme for the Sustainable Use and Conservation of Natural 
Resources for Germany”, German Resource Efficiency Programme (ProgRess), has 
been put in motion (BMU 2012), and was further developed with ProgRess II in 
2016. ProgRess II also aims to increase resource conservation and efficiency along 
the entire value chain. So far, however, there has been a focus on the material use of 
natural resources, but not on their use for energy. In order to better dovetail the 
efforts towards energy and material savings so that they can be mutually beneficial, 
the energy and material flows should be incorporated more effectively into a joint 
approach, where this makes sense (BMUB 2016: 9) (Fig. 9.1).

Sparing and efficient use of natural resources requires an awareness of the prob
lem and knowledge among the actors involved, as well as corresponding  competence 

Fig. 9.1 Focus of ProgRess (BMUB 2016: 38)
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in design. It is therefore important to raise awareness of resource conservation and 
efficiency and to promote the development of a culture of sustainable use of 
resources.

That is where the “BilRess” project “Education for Resource Conservation and 
Resource Efficiency” comes in. The overarching goal of the project was to develop 
an education strategy in order to make a contribution to current resource policy 
(including the German Resource Efficiency Programme – ProgRess I and II). An 
active effort toward anchoring the topics of resource conservation and resource effi
ciency in the educational areas of school, vocational training, university and further 
education must be promoted. In order to curb the use and consumption of resources 
through greater resource efficiency, there also needs to be qualification and compe
tence development among actors in the economy, political sphere, and society.

9.2  Education in Resource Conservation and Efficiency: 
Where Do We Stand Now? An Inventory

The German Resource Efficiency Programme (ProgRess) and education in resource 
conservation and efficiency are both at an equally early stage – in fact, they are only 
just beginning. There are various approaches in all areas of education in the form of 
pilot projects, occasional teaching and study materials or even websites that pick up 
on the topic or present subjectspecific examples. In order to push forward with edu
cation in resource conservation and efficiency in a systematic manner, there needs to 
be a clear expansion and continuation of previous activities (Baedeker et al. 2014).

In the course of project implementation, initially a comprehensive analysis of the 
status quo was undertaken in relation to resource education and the obstacles in the 
four educational areas of school, vocational training, university, and professional 
development. It has been shown that in the different educational areas there has so 
far not only been inadequate teaching and study materials and training for teachers, 
but there has also been a lack of structural anchoring in teaching plans and curricula. 
When considering areas of education individually, some specifics become apparent. 
In teaching and learning materials of primary and secondary schools as well as of 
vocational training, the concept of resources is often understood in terms of energy 
(fossil resources) and frequently also includes the environmental mediums (air, 
earth, water). Resource conservation and resource efficiency as actual concepts are 
rarely featured in curricula. In nonformal professional development, the demand 
for resourcerelated education has long been very insignificant. Formal professional 
development suffers from the fact that in the underlying curricula, the topic of 
resources – if featured at all  – is allocated to other concepts, such as “materials 
management”. In the university context, it becomes clear that the diversity of 
 universities on the one hand, and their autonomy on the other, make it difficult to 
anchor resource conservation and efficiency at a central point. So far, there have 
been hardly any study programs that include resource competencies.
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9.3  The Status Quo in the Four Educational Areas of School, 
Vocational Training, Professional Development, 
and University

As part of the BilRess analysis, 48 interviews with key actors from the various areas 
of education and ten focus groups specific to the educational areas were held, along
side a comprehensive study. The interviews and focus groups served to provide better 
access to the ways of understanding resource education in each educational area and, 
in doing so, to reveal the status quo in each field and to explore obstacles and possi
bilities. These are summarised below for each of the individual educational areas.

Primary and Secondary Education
The topic of resource conservation and resource efficiency in school focuses on the 
area of energy. Almost all curricula elements relating to resources are framed around 
energy use – especially at the higher levels. In primary schools, resources are exam
ined in connection with waste separation and collection. Teaching on these themes 
is also impoverished by the fact that only a few references are made to school life 
(sparing use of paper, writing materials, waste separation) or the lives of pupils 
(mobile phone recycling).

Vocational Training
The topic of resource conservation and resource efficiency is dealt with primarily in 
the sense of sparing use of resources used as materials and also in relation to reduc
ing energy consumption. The key argument in favour of addressing resource effi
ciency is reduction of material and operational costs. Conservation of resources for 
the reduction of environmental harm is not taken into account.

University Education
The topics of resource conservation and resource efficiency remain abstract terms 
that need to be made more specific. According to various experts, raising awareness 
of this topic is essential. A further problem in the German university landscape is 
institutional teaching through the Bologna Process and the tightly packed curricula, 
leaving little room for knowledge about the basics. There is also a lack of time and 
resources for the creation of teaching and study materials. Experts in the field suggest 
the development of trans/interdisciplinary learning and teaching material as one 
possible approach for integrating resource education in a wider array of subject areas.

Further Education
Many actors categorise the topic of resource conservation and efficiency under the 
broader subject area of “energy and material efficiency”. In the trade sector in par
ticular, it is crucially important to adapt educational offers to potential participants 
in terms of their language and form. Anchoring these in practice, for example 
through inhouse seminars and longterm guidance of participants, is a similarly 
important aspect. An approach that focuses on offerings for specific key figures in 
companies and organisations (e.g. works councils, procurement officers, etc.) is 
considered particularly effective. The key argument for addressing resource 
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efficiency at all is the reduction of material and operational costs. Statutory incen
tives can foster the demand for existing educational offerings. Increased networking 
of the actors within the area of further education with actors in other areas of educa
tion is considered important in order for the topic of resource conservation and 
efficiency to become lastingly established in the educational area.

9.4  BilRess-Roadmap: Perspectives Spanning 
the Educational Areas

Even in its first version back in 2012, ProgRess called for an increase in public 
awareness of resource conservation and efficiency. The eighth strategic approach 
highlights the necessity for sparing resourceuse approaches and for the promotion 
of resourceefficient technologies, as well as for information, motivation and quali
fication (BMU 2012: 44). Thus, it is essential that educational measures are imple
mented at all levels.

One means of doing this is activating relevant actors who can further raise aware
ness. In addition, various activities must be undertaken in order to anchor resource 
efficiency in the different areas of education (BMUB 2012). In order to support this 
strategic approach, the BilRess project was conceived as having two pillars: the 
construction of a network and the development of a roadmap.

The development of the roadmap led to various challenges, some specific to a 
certain educational area and others relevant for all areas. These were structured in 
four areas of action, which address a variety of activities. Generally, the actions 
called for are political (campaigns), legislative (anchoring of the resources in the 
educational plans) or involve the specific commissioning or testing of measures 
(e.g. development of teaching and study materials or educational measures). In 
addition to this, the study also revealed needs for action in research (e.g. examina
tion of the elementary level). From this, various recommendations can be derived 
for different target groups or individuals. For the establishment and dissemination 
of resource education to be successful, other efforts must be undertaken on the one 
hand, and further studies carried out on the other.

In the creation of the roadmap there were also suggestions as to which actors 
might play a supporting or coordinating role for the individual steps of work (see 
roadmap graphics). In these suggestions, actors who are in charge of certain budgets 
or capital and could therefore potentially realise the suggested steps are specifically 
highlighted. In the course of the BilRess project, it became clear that education for 
resource conservation and efficiency is still in its early stages, and that companies 
rarely promote resource education as an end in and of itself. In order to expand 
further, as has partly already been done in the area of energy education, the follow
ing strategic approaches are essential.

C. Baedeker et al.



155

9.4.1  Information, Sensitisation, and Activation

There is a lack of awareness and knowledge about the significance of the topics of 
resource conservation and resource efficiency in the education system. Information, 
sensitisation, and activation are essential elements in anchoring resource conserva
tion and resource efficiency across the educational landscape and within society. A 
public campaign that comprises diverse targetgrouporiented information materials 
and event formats is a crucial key to raising awareness of the topic. Only through a 
broad public discourse and by addressing multipliers, the topic will be included in 
longterm agendas of educational actors, institutions, social partners, and policy 
makers and create incentives to anchor resource education extensively.

9.4.2  Supporting Teachers and Students

The prerequisites for resource education are, most importantly, easily usable and 
accessible teaching and learning materials, as well as targetgroupspecific profes
sional development offerings for trainers. As part of the BilRess project, a compre
hensive status quo analysis of existing projects, media, and materials, as well as of 
existing internet information was carried out. These were made accessible via the 
BilRessWiki2 (www.bilress.de). The result showed, however, that the available 
pool of material is still very small, very specific, and, in parts, outdated. There is a 
lack of breadth and depth in the offering of good, current teaching and learning 
materials.

9.4.3  Creating Incentives for Projects and Research

Incentives are the most important intervention measures for fostering sustainable 
behaviour. Incentives may be monetary, but may also stem from specific support 
offerings. In many areas of education, there is room for individual development, 
e.g., for independent project work. Resource projects can be implemented in schools 
and vocational colleges as project weeks or through excursions, for example. 
Universities can carry out resource projects as part of internships, seminars, or dis
sertations. Project support in the form of educational programmes, research pro
grammes, or support for practical projects (e.g. within companies), can aim at 
promoting resource education to an even greater extent.

2 www.bilress.de
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9.4.4  Encouraging Formal Anchoring in the Education System

One important key for comprehensive resource education is the application of regu
lations, teaching plans, and curricula. If the topic of natural resources were to be 
anchored within these or even simply mentioned explicitly as part of Education for 
Sustainable Development (ESD), then teaching and learning materials would be 
developed and demanded in classes. However, this change process is very labour 
intensive and aimed at the long term. Ideally, therefore, the topic of resources is 
incorporated into ongoing reform processes. For schools, this can be linked to ESD, 
and it is particularly important to highlight, that natural resources form a fundamen
tal part of ESD. In vocational training, resource education can be integrated explic
itly via the topic areas of “environmental protection within the firm”.

9.5  Recommendations for Action

In summary, the following ten key recommendations for action can be identified:

 1. Establishment of a BilRess-Competence Centre in existing structures: 
Without coordination and without ongoing impetus, resource education will not 
gain the same status as energy education. A competence centre can be respon
sible for the overarching coordination and development of various activities, 
such as the organisation of information campaigns, networking of actors, or the 
initiation of projects for resource building.

 2. Encouraging network development: When it comes to resource education, it 
is crucial that key actors are able to connect. Networking should be encouraged 
at various levels, both local and national as well as industryspecific and cross 
sector. The actors need a forum where they can exchange ideas and thoughts on 
their activities, experiences and content.

 3. Interface management: A “strategy” for resource education has yet to be 
developed, since the topic is barely anchored in the educational areas. However, 
knowledge builds on knowledge, so the interfaces between the educational 
institutions need to be outlined in order to generate targetoriented offerings. 
When it comes to interface management, it is important to set out which 
 learning objectives are pursued in the educational areas and how these are coor
dinated between the different areas.

 4. BilRess-Platform 2.0: Resource education is a specific topic, thus, it should 
ideally be offered on a purposefully designed BilRess 2.0 network platform. In 
this case, “2.0” means the possibility of an enhanced form of communication 
among users in order to facilitate joint work, for example. Offers on the plat
form may take the form of professional development search engines, links to 
teaching and learning material platforms, the BilRess materials, and an inte
grated appointment calendar for resource education.
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 5. Developing teaching and learning materials: In order to ensure that educa
tional actors can take on resource topics, easily usable materials and lessons or 
seminar units that can be integrated into current educational work are needed. 
These materials must be broadly applicable in order to foster awareness of 
resources and possibilities for action (basic material). Subjectspecific materi
als should be developed to complement this so that the specific references to the 
various professions can be highlighted in a more sophisticated way.

 6. Offering qualifications: Teachers should develop their own resource compe
tence and incorporate this into their knowledge transfer within their educational 
area. The range of offers should be tailored to the knowledge requirements and 
should span from easily accessible topics for general educational teaching to 
subjectspecific, indepth topics. One important element is onsite consulta
tions in schools and universities and among vocational training and further edu
cation providers, national educational institutions, companies, and committees. 
They stimulate processes, because they also influence the multipliers’ immedi
ate environment and hence lay the foundations for resource projects.

 7. Supporting and implementing resource projects: There is room for individ
ual development in the form of independent project work in many areas of 
education. Independent, specific educational work can be encouraged by means 
of incentives. Resource projects can be implemented in schools and vocational 
colleges as project weeks or through excursions, for example. Universities can 
implement resource projects in the form of seminars or dissertations. Project 
support in the form of educational programmes, research programmes, or sup
port for practical projects (e.g. within companies), can aim at promoting 
resource education to an even greater extent.

 8. Images and exhibits: Resource conservation and resource efficiency are 
abstract terms that need to be clarified. For primary and secondary education in 
particular, but also for further education, images and tangible exhibits can help 
make these concepts comprehensible.

 9. Competitions and prizes: Both incentive formats have proven effective in edu
cation. Competitions can be implemented in the form of a prize for the “best 
project” or as honorary recognition for a successful or planned achievement. 
Prizes and awards are particularly well received by institutions. In the educa
tional area of “schools” there are many examples, which are nevertheless more 
energy or wasteoriented.

 10. Integration of resource conservation and efficiency into the formal edu-
cation regulations: The key to comprehensive resource education is the 
application of regulations, teaching plans, and curricula. The goal is to anchor 
natural resources or cite them explicitly as part of education in sustainability. 
As a consequence, teaching and learning materials would be developed and 
used in classes.
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9.6  BilRess-Network

The “Education for resource conservation and resource efficiency” network was 
established on 22 September, 2014, under the patronage of Environment Minister 
Dr. Barbara Hendricks and with the support of 50 founding members. In its founda
tion phase, four biannual network conferences were held, with venues alternating 
between Berlin and Frankfurt, and by May 2016 a total of around 160 members 
were part of the BilRessNetwork.

Members and target groups of the BilRessNetwork are actors with an interest in 
the implementation and anchoring of resource education in the educational areas – 
primary and secondary education, university, vocational training and further educa
tion. The BilRessNetwork is coming to life through events, the exchange of 
knowledge and information among its members and all those interested in educa
tion, and the continuous strengthening of ties between them. In the process, the 
network brings together representatives of all educational areas with actors from 
politics, business and academia.

The BilRessNetwork:

• aims to improve education in resource conservation and efficiency,
• fosters an exchange of experiences among the actors in resource education,
• develops proposals for the formation of framework conditions that offer incen

tives and eliminate obstacles,
• facilitates active participation and the opportunity for the exchange of teaching 

and study materials and
• contributes to the implementation of the German resource efficiency programme 

ProgRess and makes proposals for its further development.

Against the background of the very positive resonance the BilRessNetwork has 
achieved, one important success has been the progression of networking which is an 
initial important building block for the implementation of the BilRessRoadmap. 
Since March 2016 the BilRessNetwork is carried out in the framework of the 
“Kompetenzzentrum Ressourceneffizienz 2015–2019” (Competence Centre for 
Resource Efficiency 2015–2019) which is run by the VDI Centre for Resource 
Efficiency (VDIZRE). The implementation of the network is being carried out by 
the Faktor 10 – Institut für nachhaltiges Wirtschaften and the IZT – Institute for 
Future Studies and Technology Assessment.

The key tasks of the BilRessNetwork still include the hosting of biannual net
working events as a central platform for exchange and dialogue among the network 
members and any interested parties. The fifth BilRessNetwork conference was held 
successfully in cooperation with the Technical University of Berlin, with a total of 
approximately 100 participants, 19 exhibitors and nine learning stations. The new 
event concept with learning stations for practical experience of resource compe
tence at the network conferences was very warmly received.

In addition to this, the activities are oriented towards continuous networking, con
solidation and expansion of the network and greater public awareness. This includes 
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not only the maintenance of a website and the publication of a newsletter, but also 
the network PR and the inclusion of new target groups and partners. In 2016 the 
BilRessNetwork was represented nationwide at 23 events, disseminating the exist
ing and newly created BilRess products and carrying out varied PR work. 
Furthermore, numerous onsite appointments were arranged for the acquisition of 
new network members and the further development of the BilRessNetwork. The 
number of network members developed positively thanks to these activities, rising 
from 160 (05/2016) to 254 (12/2016).

9.7  Outlook

The aim of the BilRess project was to make a contribution to resource education 
and, thereby support the push to anchor the topic in the German education system. 
The roadmap that has been developed and the BilRessNetwork set up have thereby 
made a substantial contribution to mobilising, involving and integrating a signifi
cant number of actors.

Through the BilRess project and its activities, the topic of education in resource 
conservation and efficiency has considerably gained in prominence and significance 
since 2012. The importance of resource education was clearly emphasized on the 
political side through the involvement of the Federal Environment Minister Dr. 
Barbara Hendricks as patron of the BilRessNetwork and through the Minister’s 
participation in the BilRess conference on 22 September 2015 in Berlin.

This is also reflected in the continuation of the German resource efficiency pro
gramme (ProgRess II). The findings resulting from the BilRess project should be 
integrated into the implementation of the resource efficiency programme (ProgRess 
II), in which BilRess is already prominently represented. Alongside the resource 
efficiency network (NeRess), the BilRessNetwork is proving to be an important 
nationwide network and its continuation and promotion is being encouraged. The 
anchoring of the topic of resources in the education system is also being made an 
unequivocal item on the agenda.

Further specific steps towards the implementation of education for resource con
servation and efficiency should and must take place within the implementation of 
ProgRess II. To this end, the BilRess project has developed and outlined key recom
mendations for action in the available roadmap.

The recommendations for action that have been formulated now need to be 
picked up on by the different actors and incorporated into the individual educational 
areas. In order to achieve the results stated in the roadmap, which spans the different 
educational areas, it is not only important to have the indispensable commitment of 
the educational actors, but also financial fostering of this commitment and an (edu
cational) political framework.

So far, the BilRess project has looked at improving resource education in 
Germany exclusively. However, just as resource exploitation and resource policy 
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are not simply national, but rather European and global topics, resource education 
should also be considered in the international context in future.

At a global level, a conserving and efficient treatment of natural resources is seen 
as a key competence of future societies. The United Nations claims within the 
Sustainable Development Goals (SDG) that sustainable growth and development 
require minimizing the natural resources and toxic materials used, and the waste 
and pollutants generated, throughout the entire production and consumption pro
cesses. Therefore sustainable practices should be adopted in production and con
sumption (see SDGGoal 12: Responsible Production and Consumption). For the 
implementation, the education for resource preservation and efficiency plays a 
major role. Within SDGGoal 4: “Ensure inclusive and quality education for all and 
promote lifelong learning” it is claimed that by 2030 it should be ensured that all 
learners acquire the knowledge and skills needed to promote sustainable 
development.

This also corresponds to the requirements of the European Raw Materials 
Initiative3 and the Strategic Implementation Plan (SIP)4 of the European Innovation 
Partnership (EIP) on Raw Materials. These European strategies highlight the fact 
that there is a shortage of specialists in Europe in some of the areas related to raw 
materials production and processing (e.g. mineral processing), and call for the 
overall knowledge and skills of people working in the raw material sector to be 
increased. A crucial element of this is the development of a European network for 
resource education, which primarily relates to professionals. In this endeavour, it 
should link up actors from professional training centres, companies, and research 
and innovation sites along the entire raw materials value chain, i.e., exploration/
mining – processing/metallurgy – circular design – production – use – recycling. 
Comparable to the BilRessNetwork on the German level, the European network 
should be used to develop a roadmap for improving skills and knowledge in the 
raw materials sector in Europe. The roadmap should describe steps to increase 
competence and expertise in the field of primary and secondary raw materials in all 
important professional raw material educational contexts in the future, and will 
show how the availability of a qualified and skilled workforce will be increased. To 
this end, it is also important to find out what education initiatives and training pro
grammes exist in the raw  materials sector in Europe, as well as what skills and 
expertise are available and what gaps and emerging needs for skills and expertise 
are likely to arise in future.

Since Germany and Europe import large quantities of their raw materials from 
other continents, resource education is crucially important on an international 
level as well. Essential raw materials and in some cases also their initial processing 
steps are located in the BRIC countries, as well as the Middle East and Southeast 
Asia. Another key starting point lies in the increased integration of resource educa
tion into international cooperation, including for the purposes of development. 

3 https://ec.europa.eu/growth/sectors/rawmaterials/policystrategy_de
4 https://ec.europa.eu/growth/toolsdatabases/eiprawmaterials/en/content/strategicimplementation 
plansip0
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This may take place, for example, within the context of existing activities by the 
Federal Ministry for Economic Cooperation (BMZ) and the Society for 
International Cooperation (GIZ). Correspondingly, the European and international 
implementation of resource education could support European and international 
resource strategies.
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Chapter 10
The Way from Problem Scope Towards 
the Vision of a Low Resource Society – 
The First Working Period of the Resources 
Commission at the German Environment 
Agency (KRU)

The Resources Commission at the German 
Environment Agency (KRU)

Sascha Hermann and Christa Liedtke

Abstract In Chap. 10, the Resources Commission at the German Environment 
Agency (KRU) introduces itself and its tasks within the policy frame of resource 
efficiency topics in Germany.

In its first working period, the KRU has oriented itself outlining first a framework 
paper addressing the change towards a “low resource society” and has started a 
vision process focusing urgent action fields for an effective resource policy. The 
results underline and confirm the need to apply an integrated policy mix in Germany, 
in Europe or internationally. Chapter 10 focuses on the core visions and ideas of the 
KRU and their current initial starting points as a contribution to the discussion in 
search for the best solutions. To achieve the goal of low resource products, pro-
cesses and services along the supply chain, the KRU suggests a product labelling 
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approach in the form of a state-run product labelling office which supervises the 
mandatory labelling of products with regard to resource efficiency and recyclability. 
Additionally, the KRU outlines scenarios of an ambitious policy mix at least at the 
European level that leads to market success and a low resource society and econ-
omy. Furthermore; the KRU examined the legal feasibility for a law governing 
resource conservation (‘Resource Conservation Act’). Synthesizing the societal and 
scientific discourse on climate and resource policy this targeted approach seems to 
be a manageable undertaking. Finally, the KRU provides an outlook on future issues 
on its agenda in a further working period.

Keywords Natural resources • Low resource society • Low resource economy • 
Resource efficiency • Resource consumption • Vision process • Scenario analysis • 
Integrated policy mix • Product labelling • Resource Conservation Act

10.1  Political Background and Aims of the Resources 
Commission at the German Environment Agency 
(KRU)

The use of natural resources1 (VDI 2016a) is the basis for human life and economic 
activity. However, many of these resources are already overused today so that the 
pressure on global ecosystems is constantly increasing, with as yet incalculable 
consequences, both economic (e.g. land no longer usable for agriculture, scarcity of 
raw materials) and social (e.g. increasing migration due to social and ecological 
crises and uninhabitable areas).

In its review of 2014, the KRU described the situation as follows:
“Global extraction of resources is expected to double by 2030. This will be due 

to a – fundamental and intended – rise in enabling welfare for a wider part of the 
world population.2 As a result, the number of people having resource-intensive life-
styles will increase disproportionately not only in today’s developed countries.

The current situation is highly problematic with regard to the following aspects 
in particular:

 – Even the moderate goals that have currently been set to limit resource and land 
use are not being achieved so far.

 – Resource justice does not currently exist.

1 Natural resources are defined to include renewable and non-renewable primary raw materials, 
physical space (such as land), flow resources (such as geothermal, wind, tidal and solar energy), 
the environmental media water, soil and air, and ecosystems.
2 Extension of the global middle-class to 25% of humankind until 2025 (Meadows et al. 2004) or, 
according to McKinsey Global Institute (2012): 1 billion people in 2025, of which 600 millions 
will be living in about 440 cities in emerging markets.
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 – Value chain networks and infrastructures maintain and catalyse each other as regards 
resource consumption. The spread of resource-intensive lifestyles is accelerating.

 – Our economy and its value chain networks are not resilient enough to work in the 
interests of national and global resource justice and sustainability 
(Umweltbundesamt 2014)

These problems, and the urgency of conserving resources as a global and cross- 
cutting issue of providing ecosystem services for the future in the interests of sus-
tainable development, have been worked on by policymakers for quite some time 
(see Fig. 10.1).

In Germany, this is reflected by the adoption of the German Resource Efficiency 
Program I (ProgRess I) on 29 February 2012 (Federal Ministry for the Environment, 
Nature Conservation, Building and Nuclear safety (Bundesministerium für Umwelt, 
Naturschutz, Bau und Reaktorsicherheit (BMUB) 2012)), which systematically 
continued on the path mapped out by the EU flagship initiative “A resource-efficient 
Europe”.

The adoption of the programme made Germany one of the first countries to 
define principles and strategies for action for the conservation of natural resources. 
In the programme, the German federal government committed to reporting every 
4 years on the development of resource efficiency in Germany, assessing the prog-
ress of the Resource Efficiency Program and updating it accordingly. The first 
update was adopted by the German cabinet on March 2, 2016 (ProgRess II, Federal 
Ministry for the Environment, Nature Conservation, Building and Nuclear 
safety  (Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit 
(BMUB) 2016)). Like ProgRess I, ProgRess II focuses, in particular, on market 

Fig. 10.1 Milestones of national, European and international resource policy (Adapted and trans-
lated from Berg et al. 2017)
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incentives and on strengthening voluntary measures and initiatives in industry and 
society. Information and advisory services for companies are a key module, aimed 
at identifying and tapping resource efficiency potential in the value chain.

With its programme, Germany points the way to a “resource-efficient Europe” 
and steadily consolidates its leading role on this issue. The KRU believes that 
ProgRess II and subsequent updates should go further, aiming to establish a policy 
mix that is integrated, cuts across all levels and adequately addresses all relevant 
target groups in order to ensure that possible potentials can be increased. In the fol-
lowing sections, this is described in more specific terms.

In 2015, Germany took advantage of its G7 presidency to put resource efficiency 
on the agenda of a G7 summit for the first time. This led to the establishment of the 
G7 Alliance for Resource Efficiency as a new forum of cooperation within the G7. 
In addition, the Heads of State or Government requested the United Nations’ 
International Resource Panel (IRP) and the OECD to present solutions and 
approaches for resource efficiency. The reports by the OECD and the IRP were pre-
sented on the occasion of the G7 Environment Ministers’ Meeting in Toyama in May 
2016. In their reports, the OECD and the IRP warn that, if the current trend (“busi-
ness as usual”) continues, global resource use is expected to at least double by 2050. 
The reports highlight the advantages which a more efficient and effective use of raw 
materials and other natural resources would have for the economy and the environ-
ment. Analysis in the IRP report shows that effective policies to improve resource 
efficiency and to tackle climate change can reduce global resource extraction by 
some 28% and cut global greenhouse gas emissions by around 60% by 2050 while 
at the same time boosting the value of world economic activity by 1% (UNEP 2016).

The OECD additionally analyzed existing policy instruments and found that 
these primarily address the end of the value chain. It therefore called for the consid-
eration of the entire value chain, from raw material extraction and processing, man-
ufacturing, distribution and use of the product, to its reuse, recovery or disposal. The 
OECD finds it necessary to address more upstream parts of the value chain, such as 
product design, production and consumption. Overall, it identifies a great need to 
apply an integrated policy mix (OECD 2016). In a position paper on elements of a 
successful resource policy, published in October 2015, the German Environment 
Agency (Umweltbundesamt (UBA)) likewise called for a policy mix of this kind 
(Umweltbundesamt 2015a).

Established on July 3, 2013, the Resources Commission at the German 
Environment Agency (KRU) has set itself the task of supporting the Agency by 
making concrete proposals for further developing resource policy, so as to give 
resource conservation a greater voice in Germany and implement the vision of a 
‘low resource society’.

Since its inception, the KRU has published several position papers (see Fig. 10.3) 
which underline and confirm the above assessments by the IRP and OECD. It has 
also developed proposals for specific measures in selected fields of action for 
German policymakers and society as well as for possible ways to implement them.3

3 https://www.umweltbundesamt.de/themen/abfall-ressourcen/ressourcenkommission-am- 
umweltbundesamt-kru
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The contents of the position papers, identified urgencies, developed measures 
and obtained results by the KRU are summarized in the following.

10.2  Low Resource Lifestyles and Economy

Reducing resource use in absolute terms means for Germany that it must define 
concrete targets to meet these challenges. “Targets for reductions by factors ranging 
from 4 to 20 by 2030 or 2050 are currently being discussed. The challenge lies in 
preserving prosperity while at the same time reducing the consumption of resources. 
This requires changes in both, production and consumption as well as new policy 
frameworks. It requires resource-friendly lifestyles, new economic models and radi-
cal technological and social innovations for more resource efficiency and the circu-
lar economy” (Umweltbundesamt 2014, p. 3).

Change can be induced by creating incentives, by voluntary measures and 
through initiatives by business and society (for details, see ProgRess I and ProgRess 
II). However, this is far from sufficient: policy options for shaping regulatory and 
economic instruments must be utilized wisely and in a way geared to mutual learn-
ing. The necessary transformation can only be achieved through an integrated fiscal, 
industrial, economic, research, education, consumer and environment policy that is 
innovation-oriented and aligned with the German and international sustainability 
strategies.

In its position paper (Umweltbundesamt 2016b) for the EU’s POLFREE4 (policy 
options for a resource efficient economy) project, the KRU therefore recommends 
that “a differentiated policy mix and, based on that, a master plan or a roadmap with 
short, medium and long term goals and steps should be developed.” The assumption 
“that resource policy only means costs and burdens the economy is radically called 
into question by these results [of the project, see the following gray box]. They show 
that it is economically and socially worthwhile to be offensive and formative here. 
[…] A proactive German resource strategy and its implementation, with integrated 
consideration of all input-oriented resources, AND actively calling for such an eco-
nomically so relevant strategy at European level is fundamental for the European 
economy and its competitiveness. Especially the contribution that socio-technical 
potentials could make, as well as integrating and researching and testing them, 
would be extremely important for reducing absolute resource consumption, i.e. it is 
the key to combine the more technical optimisation via economic/industrial policy 
with a societal perspective (social innovation processes, integration of education, 
research, production and consumption, stronger actor-integrated use of the poten-
tials of industry and digitalisation 4.0 for a resource strategy and sustainable 
development)“(Umweltbundesamt 2016b).

4 http://www.polfree.eu/polfree
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A Resource-Efficient Europe – Results of the POLFREE Project
In the POLFREE project, modelling was conducted to determine the effects 
of different and separate policy mixes on resource consumption, climate tar-
gets (2 degrees goal), economic growth and employment (Meyer et al. 2015).

In the EU Goes Ahead scenario, the goal of an ambitious climate and 
resource policy not broadly supported by non-EU countries is to achieve the 
following sustainability targets in the EU by 2050:

 – Per-capita consumption of abiotic materials: 5 t
 – Cropland footprint 30% less than in 2005
 – Reduction of the water exploitation index to 20%
 – CO2 emissions 80% of 1990 levels.

The results show that if the EU alone pursues an ambitious policy (non-EU 
countries having weaker climate policies which only allow achievement of a 
4 degrees goal) with predominantly market-based instruments:

 – prices for resources remain high because EU countries only account for a 
small share of global resource consumption, but

 – the “first mover advantage” effect is larger than in the global scenario 
(exports are higher and imports lower), and

 – real GDP in the EU is 12% higher and employment increases by 3.4 mil-
lion compared to a “business as usual” scenario.

The “EU Goes Ahead” scenario is based on the following policy mix:
Climate policy:

 – Reform of the existing European emissions trading system: elastic 
supply,

 – Directly compensated taxes on coal, gas and oil for all other industries,
 – Quota for renewable energies in power generation (globally, lower in non-

 EU countries),
 – Support for electric mobility through regulations and economic instru-

ments (globally),
 – Tax on air transport,
 – Subsidisation of land-based public transport,
 – Subsidisation of investments in the energy efficiency of buildings.

Abiotic resources:

 – Quotas for the recycling of ores and non-metallic materials,
 – Tax on the use of non-metallic minerals,
 – Taxes on final demand, not including exports, according to the goods’ raw 

material content (RMC)
 – Subsidisation of goods with a low RMC,
 – Tax on water from public supplies,
 – Support for resource efficiency in manufacturing industries.
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Based on a scenario process (like the one carried out in the POLFREE project) 
and the development of a roadmap, the following fundamental societal questions 
have to be answered:

 – “How do we want to live together?
 – What resources can and do we want to use to sustain our lives?
 – How do we want to jointly shape the needed transformation towards a resource- 

just and resource-friendly society?
 – How can a sustainable post-industrial society be forged?” (Umweltbundesamt 

2014).

The following sections describe eight key approaches (cf. Fig. 10.2) which the 
KRU has been considered in a first prioritization for a vision process (see Sect. 10.4 
and Umweltbundesamt 2014):

Mental models or, put simply, ideas shape the actions of entire societies over an 
extended period. They sometimes come in the form of megatrends and ultimately 
manifest themselves in our actions in research and development, in realization and 
implementation, hence in our infrastructures, products and services.

Actions and corresponding decisions in production and consumption are always 
culturally determined (production patterns, lifestyles). The underlying resource cul-
ture (8.) and the associated routines and practices are the actual drivers of global 
resource consumption and, hence, of climate change. They form the basic structural 
and mental framework – the non-physical infrastructure – within which high or low 
levels of resource consumption for our lives and economies are embedded and up- 
scaled (= physical infrastructure).

That is why the core areas focus on the future (1.), or future visions, and the 
existing (unsustainable) resource culture (8.) encompass the behaviour and perspec-
tives within the system – the perspective on ecosystems and our dealings with eco-

Food, agriculture and forestry:

 – Information programme for consumers and producers on how to reduce 
food waste,

 – Information programme on how to reduce the “crop yield gap”,
 – Tax on meat, dairy products and eggs,
 – Autonomous reduction of the demand for meat,
 – Limitation of agricultural land use,
 – Limitation of water abstraction in agriculture.

Environmental tax reform:

 – Compensation of environmental taxes through reduction of general corpo-
rate taxes

 – Reduction of taxes on goods and services with low emissions of harmful 
substances and low resource consumption.
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systems, their services, the perception of effects on the various media (2.) and the 
shifting of problems between these and between continents or regions. The level of 
commitment with regard to the goals set (3.), and the focus on delivering results 
crucially depend on how ecosystem services are valued (3.). Starting out from these 
future visions and goals which may or may not be widely acceptable, the social or 
societal system with the economic functions adjusts – with decades- or centuries- 
long implications (e.g. transport or energy systems, World Wide Web). But even 
these can be changed, as Germany’s Energiewende or the ongoing industry/digitali-
sation 4.0 processes show.

Change, diversity and dynamism are the principles of a functioning social or 
ecological system. Pure mono-cultures, in contrast, pose a threat to the system. The 
diversity and dynamics of existing structures, and actor competences and constella-
tions (4.) shape the world of infrastructure, technology, processes, products and 
services, user behaviour, and economic trends (e.g. development of hybrid value 
chains, sharing, the green, circular and bio-economies (5.)). All of these are ulti-
mately materializations of actor groups’ ideas and innovativeness  – inducing or 
reducing resource consumption, and with it, climate change.

Change – a transition (6.) – can happen only through the actors within the system 
themselves, through their determination, value judgements, competence and their 
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Fig. 10.2 Perspectives and actors for shaping a low resource society (Translated from 
Umweltbundesamt (2014) and adapted by Geels (2004), Geels and Schot (2007), Geels (2011), 
Liedtke et al. (2015))
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curiosity in making society and the economy sustainable. Through explorations (6.) 
they must empower (7.) themselves and develop resilient patterns of behaviour and 
innovation systems and structures (7.). Such resilience- and design-oriented trans-
formation structures for research, development, testing and implementation which 
are based on the integration of all system actors concerned and appropriate sustain-
ability monitoring are essential for achieving the international Sustainable 
Development Goals (SDGs).5 Flagship projects and suitable innovation infrastruc-
tures can offer key actors the chance to test new service systems and to develop and 
phase in business models based on the learning. Failures will be possible (like they 
are today) and must be considered in the learning process.

Strategic concerted actions which address desired scenarios and render transfor-
mation tangible and malleable should be jointly developed and implemented by 
policymakers, society, business and science. Spaces of experience that help develop, 
test and implement both horizontal and vertical solutions should be created to that 
end. Analyzing and creating conditions for success and structural factors, and evalu-
ating their potential contribution to sustainability and resource conservation are 
essential to a successful system of learning and innovation.

10.3  Developing Visions – Making Ideas Transparent6

The wide-ranging discussion on resource policy’s and the KRU’s role brought up 
the central question of what main goal should be pursued. This led to the KRU 
deriving the task of jointly developing a vision of a low resource society in order to 
make the various futures easier to grasp both for the KRU members and for policy-
makers and society.

Focusing on the issues raised in Sect. 10.2, the following overarching questions 
were formulated to develop the vision:

 – How does a low resource society look like?
 – What does this mean for day-to-day life and economic activity and the requisite 

structures?

At a two-day future workshop in March 2015, these questions were intensively 
dealt with.7 The main results in the areas of an ethical framework; research and 
development (R&D); the role of the state; and economy and finance are summarized 
below (Umweltbundesamt 2016a). For each of the four areas, a focused vision of a 
successful low resource society is formulated. Moreover, concrete measures are 
proposed in order to reach the visions.

5 www.sustainabledevelopment.un.org
6 Based on and citing from: Umweltbundesamt (2016a).
7 A two-day future workshop and its results cannot claim to be exhaustive. However, they do give 
an insight into the main aspects considered relevant by members of the KRU and focus on key 
elements of transformation dynamics towards a low resource society.
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While a vision that looks into a future 30 or more years away from now may 
seem provocative, it does illustrate concrete ideas that the authors find possible, use-
ful or desirable. These are now presented for discussion.

10.3.1  Ethical Framework

Vision
A wide range of successful, resource-friendly living and work models exist. Their 
innovativeness and creativity make it possible to achieve compatibility of time pat-
terns within and between the natural environment, society and the economy. Time 
frames and structures for exchange processes and regenerations within and between 
geological and ecological systems, the economy, civil society, education, politics 
etc. vary widely. Their needs and requirements are recognized and integrated.

Communication on sustainability has become effective enough to emotionally 
reach different target groups and cultures of thinking, encouraging them to try out 
new, resource-saving models of living and working.

Specific Measures
The aim is to design a “low resource society”. Diversity in business and living ideas 
and models that do their part to conserve resources is deemed desirable. Barriers 
such as “lock-ins” in existing systems or counterproductive subsidies and legisla-
tion are removed by the public sector while respecting fundamental societal values. 
Innovations in the organization of life and work are supported by the following 
measures, among others:

 – Social security systems are integrated and give citizens more flexibility in man-
aging their time.

 – More risk capital for innovations for resource-friendly living and work patterns 
is available, e.g. through crowd-funding or support programmes.

 – Innovation advisory centres for citizens are set up at regional level.
 – Education systems for all age groups integrate information about these measures 

in their curricula and impart helpful skills and experience (with a focus on learn-
ing by experience).

 – Communication measures in all media inform about resource conservation 
approaches in a transparent, target group-specific and authentic manner and 
invite addressees to actively participate.

10.3.2  Research and Development

Vision
The research and development sector integrates socially relevant and practical sub-
jects and issues and cooperates with relevant actors and stakeholders while 
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maintaining a high level of scientific quality. Citizens and small- and medium-sized 
companies are involved in R&D processes and participate in shaping social and 
technical innovations. Through intelligent knowledge and information manage-
ment, research contributes to increasing resource productivity by orders of magni-
tude. Fundamental research remains independent. Researchers and developers are 
encouraged to take into account resource conservation and the common good.

Specific Measures
 – Mono-, inter- and/or trans-disciplinary “future radar” projects are carried out 

within the multi-level system from the local to the international level – to provide 
a reference framework (vision, foresight and scenario processes).

 – Each publicly funded R&D project must prove what contribution it will make to 
conserving resources. In the area of fundamental research, that contribution will 
likely be prospective, and in the application domain it must be goal-oriented and 
focused on delivering results.

 – Support is provided for research and development activities in schools and neigh-
bourhoods (researching society, society that shapes transformation).

10.3.3  Role of the State8

Vision
Resource conservation, as an element of the German sustainability strategy, has 
constitutional status. Resources must be safeguarded and ecosystem services pre-
served in the long term.

Germany has contributed to the global stabilization of resource use. Resource 
justice has been achieved.

Specific Measures
 – The state acts as a moderator and driver of innovation in environmental policy 

and resource conservation by:

 – creating innovation infrastructure including experimental settings,
 – adjusting innovation policy so as to promote resource-saving innovations,
 – integrating resource efficiency in education policy and programmes.

 – Resource policy sets resource goals on the basis of the precautionary principle 
and pursues the internalization of external costs based on the principles of origin 
and precaution through taxes on resources and other instruments.

 – Resource policy instruments are designed so as to be socially fair.
 – A resource conservation law is established, which:

8 The section on the role of the state is still being finalised. Changes to the vision and measures may 
be made after preparation of a more detailed paper on the subject.
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• formulates resource conservation principles,
• establishes an independent institution that regulates resources:

 – This institution decides which resources require regulation (monitoring) 
and reviews them regularly (“red list”).

 – In the case of resources from the red list, the resource quantity used is 
controlled by that institution through long-term targets (Bundesbank 
model).9 The institution also makes policy suggestions, e.g. regarding 
taxes, producers’ responsibility. Subsidiarity is maintained.

10.3.4  Economy and Finance

Vision
There is a wide variety of public and private-sector initiatives (in economy and 
finance) by actors ranging from individuals to the international community. Public 
and private-sector action complements each other in the spirit of a transparent prin-
ciple of subsidiarity.

Acting sustainably, as individual, community or company, in the interests of con-
serving resources and the common good pays off – not only in monetary terms – 
both for individual businesses and society.

Specific Measures
 – Germany campaigns for the global harmonization of high environmental and 

occupational health and safety standards as well as for tariff preferences being 
granted where these standards are met.

 – To improve and control product development and recycling, users and other 
stakeholders from the lifecycle phases are legally required to be represented on 
boards of directors or similar company bodies.

 – Resource balances open for inspection become mandatory for companies and 
public institutions.

 – A product licensing authority10 that evaluates the appropriate length of product 
lifetimes/useful lives and subsequent recycling is established.

 – Financial market institutions are required to report in a transparent manner on the 
resource use caused by their products and on associated consequences and risks.

 – Long-term impacts are considered in the assessment of financial products.

9 A national bank inter alia regulates the money supply so as to ensure currency stability. A regula-
tory authority for resource use should, in the same way, ensure long-term stability of the quality 
and quantity of natural resources by controlling resource supply (e.g. by granting licences for 
production, use or consumption). The proposed “Regulatory Authority for Natural Resources” 
should be able to assess and control resource markets independently of legislative and executive 
authorities.
10 In the further development and elaboration of the KRU’s internal discussion regarding the prod-
uct-relevant measures, the term “product licensing authority” developed in the direction of “prod-
uct labeling office”. Compare the current state of the KRU’s recommendations section 10.4.2 and 
the upcoming KRU’s Paper „Produktkennzeichnungsstelle zur Förderung der Ressourceneffizienz 
und Kreislauffähigkeit von Produkten“ (in prep.).
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 – Incentives are created for investments in projects that conserve resources in the 
long term.

10.4  Initial Explorations and Starting Points – Contribution 
to the Discussion in Search for the Best Solutions

Based on the analysis of the current situation and the vision, the KRU agreed its 
further work on the following topics:

 – Requirements for a law governing resource conservation – focus on a ‘Resource 
Conservation Act’

 – Production, processes, services – focus on product labelling
 – Scenarios for a low resource society and economy
 – Transferring R&D into economic practice.

10.4.1  Requirements for a Law Governing Resource 
Conservation – Focus on a ‘Resource Conservation Act’

The measures considered by the KRU and described in Sect. 10.3 were reviewed 
regarding their legal feasibility. Based on the recorded discussion, the measures 
formulated in very general terms were specified and interpreted as far as possible 
and their legal feasibility was examined.

The vast majority of the measures can be assessed as legally feasible.
It would, however, be necessary to integrate corresponding provisions in the 

respective sectoral laws. For example, more flexible time management could be 
achieved through e.g. more flexible working arrangements (like home office), varia-
tion of school-starting hours and more flexible shop opening hours. This would 
require changes to labour legislation, education laws and ordinances, and the legis-
lation on shop opening hours, for example.

Some of the measures proposed, namely the adaptation of education programmes 
and the strengthening of information and awareness-raising activities, could be inte-
grated in existing or new programmes under the government’s responsibility.

Complementing today’s environmental protection legislation, horizontal provi-
sions should be laid down in a future “Basic Act on Resources”. Such an act might 
introduce basic resource protection principles (precautionary and polluter-pays 
principles), define guiding values for resource use (particularly aggregated indica-
tors) or provide for the establishment of specialized bodies, institutions or institutes 
entrusted with resource protection functions.

Some of the measures discussed were assessed as being politically – and there-
fore legally – critical, because they affect important distributional aspects (e.g. fur-
ther internalization of costs that are currently external) or strongly interfere with the 
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balance between different legal interests. Examples of the latter are the establish-
ment of a product labelling office that evaluates the appropriate length of product 
lifetimes and useful lives and subsequent recycling (see Sect. 10.4.2), and the for-
mation of an institution regulating resources which operates independently of the 
legislative and executive branches (conflict with freedom of enterprise and the fun-
damental right to property).

Finally, some measures are related to international treaties and regulations. This 
is the case for e.g. the introduction of border tax adjustments and the extension of 
national targets.

Synthesizing the societal and scientific discourse on resource policy and devising 
targeted approaches seems to be a manageable undertaking. Translating the insights 
gained by this into specific legal action requires a deeper understanding of interest 
and stakeholder networks within the existing structures and of the relevant legal 
principles. Doing so was possible only in regard to some specific points.

10.4.2  Production, Processes, Services – Focus on Product 
Labelling

A low resource society offers interesting opportunities and challenges for compa-
nies. The primary aim is to gain optimum benefit from a minimal input of resources. 
A range of dimensions play a role, from a resource-efficient design of goods (prod-
ucts and services) which takes into account their entire lifecycle, to the planning and 
realization of resource cycles; from the question of what offers support to the transi-
tion towards a low resource society and low resource consumption, to vetting the 
supply chain for wastage of resources and redesigning products accordingly. 
Eliminating material consumption can often be achieved by avoiding the use of 
products (e.g. packaging), and service offers can replace product sales, thus leading 
to greater resource efficiency in the production/consumption system. It is also cru-
cial that companies provide their customers with information that allows them to get 
an idea of the amounts of resource used for their products or services. In that regard, 
the KRU suggests a product labelling approach in the form of a state-run product 
labelling office which supervises the mandatory labelling of products with regard to 
resource efficiency and recyclability. This office would have the task to collect, 
examine and monitor specific information to be delivered by companies on products 
placed on the market in Germany or Europe and would assess whether mandatory 
labelling of the products by their manufacturers corresponds to the office’s labelling 
requirements. The product labelling office should first deal with goods with a fairly 
long lifetime (e.g. consumer goods which unlike non-durables can be used for some 
time and only wear out through repeated use). The labelling mechanism should be 
extended to non-durable goods at a later date. The overarching goal is for this type 
of labelling to become mandatory for all products placed on the market in the 
European Union once the mechanism has been fully established.
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The following key figures should be reported to the labelling office by companies 
and included on labels:

 – Lifetime/functional/useful life, expressed in units of time: Companies declare 
the guaranteed lifetime of their products when used as intended, expressed e.g. 
in years.

 – Resource inputs over the entire lifecycle: resources (used and unused, primary 
and secondary), energy, water, land and their availabilities (criticality). The indi-
cators here include embodied energy (VDI 2012) and embodied raw materials 
(VDI 2016b), for example.

 – Specific consumption levels for a typical and real use situation (cooperation with 
actors/use of values from the Eco-design and Energy Consumption Labelling 
directives could be appropriate here).

 – Recyclability: information on reusability/recoverability, possibilities for disman-
tling and disassembling the product, components and materials under plausible 
end-of-life scenarios and given proper use.

Large companies should determine these values in specific terms. SMEs can 
apply average values (determined e.g. using software tools for lifecycle analysis 
which would have to be made available to them through statistical offices, relevant 
consulting organisations such as efficiency/consulting agencies or other sources).

Competition between companies in these areas can evolve through the labelling 
process and the integration of the collected data on resource consumption and recy-
clability in product communication activities. Consumers can compare products 
directly using these data and take the findings into account in their purchasing deci-
sions. Overall, a positive effect towards greater resource efficiency and recyclability 
is expected – not only for products of suppliers in Europe but also for imported 
goods. The mandatory generation, collection and transfer of data in the value chain 
would also bring a significant gain in knowledge and thus enhance the companies’ 
innovative capacity.

10.4.3  Scenarios for a Low Resource Society and Economy

The results of the simulations done for the POLFREE project’s “business as usual” 
scenario using the GINFORS model (cf. excursus above) show that planetary 
boundaries will be clearly transgressed if we do not succeed in implementing an 
ambitious climate and resource policy on a global scale. Global development under 
business-as-usual conditions involves great risks and will be associated with a slow-
down in economic growth, a deterioration of social conditions and increasing risks 
on financial markets in the EU.

Alternatively, a global agreement to apply a mix of resource and climate policies 
could be put in place. Its initial intensity would be so low as to be hardly noticeable, 
gradually increasing over a period of 30–35 years. Such a “Global Cooperation” 
scenario was simulated using the GINFORS model. The results are extremely posi-

10 The Way from Problem Scope Towards the Vision of a Low Resource Society…



178

tive. They show that the ambitious emission and resource consumption targets 
needed to prevent environmental disaster can be achieved. At the same time, lower 
prices for raw materials and investments in new technologies would induce clearly 
positive effects on income, employment and national debt.

To make this happen, a comprehensive package of measures, comprising eco-
nomic, regulatory and informational instruments, must be agreed internationally. 
These measures must be aimed directly at keeping the consequences of economic 
and population growth for greenhouse gas emissions, the extraction of abiotic raw 
materials and land and water use within planetary boundaries. It might be ques-
tioned whether an international agreement of this kind could be reached. If this is 
not possible, the remaining option for the EU is to go this path alone (see gray box 
in Sect. 10.2). The design of the economic instruments would, however, have to be 
modified so as to prevent direct competitive disadvantages for EU countries. The 
simulations done for the “EU Goes Ahead” scenario using the GINFORS model 
show that the EU can achieve its environmental objectives, while the global targets 
would be missed for the simple fact that the EU only plays a minor role on a global 
scale. This also means, however, that, prices for raw materials would remain high, 
which would diminish the competitiveness of non-EU countries and lead to a 
marked improvement of the EU’s balance of payments vis-à-vis non-EU countries. 
This “first mover advantage” and the persistent investment boom triggered by the 
policy mix would lead to the EU enjoying major economic successes and rising 
employment.

It can therefore be argued that these economic advantages would gradually 
prompt other countries to follow the example set by the EU.  If no international 
agreement can be reached, it would thus still be possible to achieve global environ-
mental goals, with a delay, by exerting mild competitive pressure. The only conclu-
sion that can be drawn from the results of the GINFORS simulations is that the EU 
should urgently implement an ambitious climate and resources policy.

10.4.4  Transferring R&D into Economic Practice11

The structure of research support and the value creation culture makes it difficult for 
research results to reach entrepreneurial practice, i.e. they rarely prove to be of prac-
tical relevance and feasibility for companies. One of the main reasons for this is that 
science and business pursue different goals; also, their performance criteria and 
incentives are often contradictory (in this regard, see the call for new visions in Sect. 
10.2). Whilst in research the focus is on publishing as a “competitive advantage”, 
companies are focused on gaining an economic competitive advantage through 
patents.

11 Researchers and representatives of companies (SMEs and large companies), institutions and pol-
itics explored the question of why it is so difficult to transfer results from research of resource con-
servation into practice. Some results of this expert discussion are presented here (Umweltbundesamt 
2015b).
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Research programmes are often designed without the participation of compa-
nies, particularly SMEs, and are often less relevant to the goals of business, market 
development or society. Furthermore, research proposals are often optimized along 
the lines of existing research programmes, which in turn focus on megatrends which 
might not necessarily be relevant for most companies.

The time frames of application processes for funding do not meet the needs of 
companies, who require a quick decision as to whether or not their projects will 
receive funding. It would be of urgent necessity here to respond to companies’ dif-
ferent time dynamics, system logics and innovation cycles.

Another important aspect is the need to be aware of companies’ system of action 
(structural logic and business DNA12) and develop solutions which reach key com-
pany decision-makers in a targeted way (i.e. a way that meets practical needs). This 
requires that solutions developed in research must relate to reality and also to the 
final customer.

Building on this knowledge, tailored interfaces between actors (researchers, 
translators, users) and needed transfer times must be taken into account. It is impor-
tant here to understand the transfer of technologies and results not as an act, but as 
a process. For SMEs, providing funding and accompanying the process is impor-
tant. Also, innovations in companies must be flanked by appropriate framework 
conditions for resource efficiency because, for example, energy prices for industrial 
uses of energy are too low to support the market diffusion of energy- or resource- 
efficient applications/solutions (this calls for regulatory intervention by govern-
ment, e.g. via the instrument of taxation). As a result, even measures not requiring 
investment fail to be carried out although some could bring energy and/or resource 
savings of ten to 20%.

In addition, the KRU considers that the process of designing products, services 
or product-service systems should be more strongly addressed as a starting point of 
a comprehensive resource efficiency strategy. Depending on the way a product or 
service and its use options are developed, resource efficiency can be increased two-
fold, three or more fold. So designers fill the role of “hidden agents” for a change 
towards sustainability.

10.4.5  Research and Development

In the research and development sector, the KRU sees the need for research to collect 
data on ecosystem services and map these data to serve as a basis for decisions on a 
policy process. This will be highly relevant for an integrated formulation of goals, for 
related assessment approaches, for the development of visions and scenarios, and for 
the integration of various modelling approaches (including resource calculators) 
which currently often address different questions. The integration of data and infor-
mation on resources, energy, climate, land, and biodiversity would be a crucial step.

12 The “business DNA” consist corporate values, corporate objectives and all elements that create 
identification and loyalty.
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In addition to providing such information and data, there is a need for R&D in 
areas such as alternative materials, functional integration and optimized production, 
disposal and recycling processes. Designing resource-efficient products and ser-
vices is particularly important here. The R&D process should be designed to include 
the development of business models and market introduction – however, measures 
to ensure this have yet to be developed and implemented.

10.5  Outlook

In its previous working period, the KRU identified a large number of challenges and 
put the focus on what is feasible and necessary. The scenarios, the discussion on 
translating research into company practice, and analyses regarding familiarity with 
the term “resource conservation and efficiency” show that

 – Consumers are aware of the term and can provide a competent description of 
what it means. However, very few resource-efficient products or companies are 
identified in the market,

 – Research results on the subject are available in the production sector, but only 
rarely find their way into practice.

This provides different starting points which the KRU wishes to work on in 
greater depth in its second working period (see Fig. 10.3).

Fig. 10.3 Position papers already published by and future topics of the Resources Commission at 
the German Environment Agency (KRU)
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The KRU is already working on the topic of product information and necessary 
elements thereof – with orientation towards consumer information in particular – as 
well as the topic of circular economy, particularly on recycling, dissipation and 
substitution quotas. The aim is to ensure already at the development and design 
stage that products are sustainable according to the standards set by the Sustainable 
Development Goals (SDGs) and the German sustainability strategy, taking into 
account characteristics such as choice of materials, recyclability, longevity, modular 
design, user- and service-friendliness, etc. It must be possible to assess the contribu-
tion of products to reducing absolute resource consumption across their entire life-
cycle. The implementation of measurements for assessing and managing these 
contributions would be a promising step in this direction. That is why the KRU will 
assess ProgRess II and ProgRess III, which is currently being prepared, for their 
compatibility with the SDGs and work out corresponding recommendations with 
regard to what contribution ProgRess III and a fundamental resource management 
could make and what instruments, both hard and soft, could help to develop an 
implementation of a low resource society.

An important area which has received little attention so far in the debate on 
resource efficiency is the digitalization of production and consumption – this is an 
area which will define energy and resource consumption’s infrastructure for the 
coming decades. A comprehensive assessment of its effects on resource consump-
tion or a corresponding methodology does not yet exist. The KRU cannot develop 
such an assessment or methodology but it can raise the questions needed to help 
create awareness in this area of rapidly developing new production and consump-
tion structures.

Floating above all this, ultimately, are the mental models that influence produc-
tion and consumption patterns, including the discussion and development of a cir-
cular economy and the idea of an absolute goal for dematerialization. In regard to 
this, the KRU will develop a concept for communicating its position and proposals 
to the public, which will enable active interaction and engagement with different 
target, multiplier and user groups such as companies and consumers. The scenarios 
modelled in the POLFREE project show that it is possible to achieve concrete, 
ambitious goals. People are open to being reached by this positive message – as 
awareness studies and representative surveys show  – but it must become much 
clearer to them what can be done and how relevant a change in behaviour is in any 
concrete case  – both in production and consumption. Hence, we fundamentally 
need formats for implementing and communicating knowledge that already exists 
as well as further innovation and development approaches for low resource life-
styles and a low resource economy.

Disclaimer This paper does not necessarily reflect the opinion or the policies of the German 
Federal Environment Agency.
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Chapter 11
Implementing Resource Efficiency in Europe – 
Overview of Policies, Instruments and Targets 
in 32 European Countries

Paweł Kaźmierczyk

Abstract This chapter presents an overview of national approaches to material 
resource efficiency and the circular economy in 32 European countries. It is based 
on a detailed survey carried out by the European Environment Agency (EEA) and 
its Eionet network in the second half of 2015.

The chapter explores similarities and differences in policies and strategies 
adopted by the countries, policy drivers, priority resources and sectors, policy objec-
tives as well as targets, indicators and institutional set-up. To provide the context for 
country-level information, the chapter includes a short overview of the evolution of 
the EU regulatory framework in this policy area.

The analysis covers material resources (rather than the more broadly defined 
natural resources) as well as those initiatives which countries take to close material 
loops in the circular economy.

A selection of specific country examples is presented to illustrate the wide vari-
ety of national approaches. Many more examples are included in the June 2016 
EEA report “More from less – material resource efficiency in Europe”, which serves 
as the basis for this chapter. All national examples are described in more detail in the 
32 detailed country profiles published alongside the main report.
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Resource Productivity • Monitoring Framework • Closing Material Loops • Critical 
Materials • Institutional set-Up • Institutional Arrangements • Economic 
Considerations • Environmental Concerns • Regulatory Requirements • Europe 
2020 Strategy for Smart, Sustainable and Inclusive Growth • Flagship Initiative for 
a Resource-Efficient Europe • Roadmap to a Resource Efficient Europe • Seventh 
Environment Action Programme (7EAP) • EU Action Plan for the Circular Economy

11.1  Introduction

The European Union is estimated to have adopted more than 200 pieces of environ-
mental legislation since the 1970s. Throughout the last decade, the sustainable use 
of natural resources and the refocusing of waste management towards prevention 
and recycling have steadily moved up the EU environmental policy agenda. They 
have also gained prominence on the economic agenda under the heading of resource 
efficiency. Table  11.1 presents examples of specific policy initiatives related to 
material use and resource efficiency, grouped by theme in a loosely chronological 
order.

National implementation of policies for resource efficiency—in some cases 
driven by the EU requirements and in others motivated by domestic priorities—is a 
topic of increasing interest to policymakers and practitioners across Europe.

In 2015, the European Environment Agency (EEA) and its Eionet network of 39 
member and cooperating countries set out to review national approaches to material 
resource efficiency and to explore similarities and differences in policies, strategies, 
indicators and targets, policy drivers and institutional set-up.

The work resulted in the publication of the EEA report “More from less – mate-
rial resource efficiency in Europe. 2015 overview of policies, instruments and tar-
gets in 32 countries” (European Environment Agency 2016). The analysis in the 
report, published in June 2016, is illustrated with short examples of countries’ pol-
icy initiatives, which are then described in more detail in the 32 country profiles, 
i.e., self-assessments prepared by the countries and published alongside the main 
report.

The analysis covers material resources (rather than the more broadly defined 
natural resources) and initiatives which countries take to close material loops in the 
circular economy. Beyond the analysis of information reported by the participating 
countries, the report offers several considerations for future policies on material 
resource efficiency and the circular economy.

This work followed an earlier EEA survey, carried out in 2011 in support of the 
work on the 2011 Resource Efficiency Roadmap, that collected, analysed and dis-
seminated information about national experiences in developing and implementing 
resource efficiency policies.
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11.2  Driving Forces for Material Resource Efficiency

As reported by the countries, the factors and concerns which drive work on material 
resource efficiency policy roughly fall into three groups: economic interests, envi-
ronmental concerns and regulatory requirements.

Table 11.1 Examples of EU policies related to material use and resource efficiency

Theme Examples

Energy Energy 2020: A strategy for competitive, secure and 
sustainable energy
A policy framework for climate and energy for 
2020–2030
Energy roadmap 2050
European energy security strategy

Waste and recycling Waste framework directive
Landfill directive
Packaging and packaging waste directive
Thematic strategy on the prevention and recycling of 
waste

Sustainable management of natural 
resources

Sixth Environment Action Programme (6EAP)
Thematic strategy on the sustainable use of natural 
resources
EU Forest Strategy

Sustainable consumption and 
production, and business-oriented 
initiatives

Sustainable consumption and production and 
sustainable industrial policy (SCP/SIP) action plan
Eco-innovation action plan
Industrial policy for the globalisation era and 
innovation union
Single market for green products
The green action plan for small and medium 
enterprises (SMEs)

Raw materials Raw materials initiative
Strategy on commodity markets and raw materials
European innovation partnership on raw materials
EU list of critical raw materials

Resource efficiency Europe 2020 strategy for smart, sustainable and 
inclusive growth
Flagship initiative for a resource-efficient Europe
Roadmap to a resource efficient Europe
Seventh environment action Programme (7EAP)

Circular economy Towards a circular economy: A zero waste 
programme for Europe (2014)
Flanking communications on sustainable buildings, 
green employment, SMEs
Closing the loop: An EU action plan for the circular 
economy (2015)
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Although most countries reported a combination of all three categories, eco-
nomic considerations seemed the most important in 2015, with economic drivers 
outnumbering those related to environmental concerns in most countries (Fig. 11.1). 
This contrasts with the situation in 2011, when most countries listed environmental 
concerns as the most common driving forces.

This finding seems to indicate that material use and resource efficiency are now 
core economic and strategic issues, and that the logic of ‘doing more with less’ has 
been widely embraced.

The most recurrent drivers were the desire to increase competitiveness and to 
secure the supply of raw materials and energy as well as to reduce dependence on 
imports on the one hand (economic interests), and the need to reduce pressures on 
the environment on the other (environmental concerns), as shown in Fig. 11.2.

Some countries emphasised the potential contribution of material resource effi-
ciency initiatives to economic competitiveness and (green) job creation. This dimen-
sion may deserve stronger emphasis in future policies on material resource efficiency 
in light of growth and jobs being high on the EU policy agenda.

Programmes for reducing import dependency mainly referred to fossil fuels and 
critical minerals. Only nine countries specifically pointed to the need to reduce 
greenhouse gas (GHG) emissions as a driver of material resource efficiency, which 
indicates that the two policy areas are seen as separate topics.

Somewhat surprisingly, only eight EU Member States identified compliance 
with EU requirements as a driver for national policies on material resource effi-
ciency. This may reflect the fact that the current regulatory framework for material 
resource efficiency is still limited, with few hard targets. At the same time, the 
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 significance to countries in terms of energy and waste policy shows that EU policies 
can—and indeed do—provide a powerful impetus where the regulatory regime is 
strong and/or includes targets.

11.3  Priority Resources and Sectors

A majority of countries (27) identified a number of waste streams and secondary 
materials as the most common group of priority materials. This is an interesting devel-
opment, illustrating the ongoing shift of emphasis in waste policies from end- of- pipe 
approaches to a focus on reuse and recovery. Key individual waste streams are plastic 
and packaging (17), construction and demolition waste (16) and food waste (15).

The prevention of food waste, identified by about half the countries as a priority, 
is an interesting example of how improvements in material resource efficiency can 
also result in a reduction in GHG emissions—with related climate benefits. It may 
be worth identifying and highlighting other cases with synergistic co-benefits.

Waste was followed by different types of biomass, which were identified as a prior-
ity by 18 countries. Wood was the most common material in this category (mentioned 
15 times), primarily as timber and only in a few cases as a renewable energy carrier.

In the non-metallic minerals group (reports by 19 countries), construction miner-
als were most commonly mentioned (by 10 countries).

Metals and metal ores were mentioned as priority materials by 18 countries (24 
reports).
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Energy carriers, including renewables, were mentioned by 18 countries as prior-
ity resources. Both energy and waste were also top priorities in the 2011 EEA 
review.

Manufacturing was singled out most frequently as the key economic sector for 
material resource efficiency policies, followed by agriculture and forestry, construc-
tion and waste management.

There were very few initiatives focusing on consumption patterns, and only three 
countries identified the service sector, which accounts for two thirds of most 
European economies, as a priority, indicating that the potential role of services in 
improving material resource efficiency could be explored further.

11.4  National Strategies and Policies Related to Material use 
and Resource Efficiency

The number of national programmes and policy initiatives incorporating material 
resource efficiency as a core component has increased in recent years. This can be 
at least in part attributed to the adoption of the EU Flagship initiative for a resource- 
efficient Europe and the Roadmap to a Resource Efficient Europe.

However, despite the call in the 2011 Resource Efficiency Roadmap for Member 
States “to develop or strengthen existing national resource efficiency strategies, and 
mainstream these into national policies for growth and jobs by 2013”, only three 
countries—Austria, Finland and Germany—had dedicated national strategies for 
material resource efficiency as of late 2015. Two further countries had dedicated 
strategies at a regional (i.e., subnational) level—in Flanders (Belgium) and Scotland 
(United Kingdom).

Instead, most countries reported that they incorporate material use and resource 
efficiency in a wide variety of other strategies and policies, including those on waste 
and energy, industrial development and reform programmes, or in national environ-
mental or sustainable development strategies. This may in part result from the lack 
of a clear definition of key terms, as discussed in Box 11.1.

A mosaic of diverse policies—in total 240 examples were reported—can be 
roughly grouped into the following categories:

• national plans and programmes concerning waste management and recycling, 
for example, the Czech Republic’s Secondary Raw Materials Policy (2014), 
Denmark’s resource strategy, Denmark Without Waste, and the Dutch circular 
economy programme, From Waste to Resource (2014);

• national strategies and action plans addressing energy and energy efficiency, 
including the French Energy Transition for Green Growth Act (2015), and 
Poland’s National Energy Efficiency Action Plan;

• general national sustainable development and environmental strategies 
addressing material resource efficiency, such as Hungary’s National Framework 
Strategy on Sustainable Development (2012–2024), Ireland’s Our Sustainable 
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Future, Latvia’s Sustainable Development Strategy (2010), and the Swedish 
Generational Goal and Environmental Quality Objectives;

• national plans and programmes for waste prevention or the prevention of spe-
cific wastes, including the national waste prevention programme Towards a 
Resource Efficient Ireland (2014), the Italian National Plan to Prevent Food 
Waste, and Towards Zero Waste in Wales (United Kingdom);

• strategies for innovation and industrial development, including Hungary’s 
National Environmental Technology Plan (2011–2020), and Turkey’s 10th 
Development Plan (2013) with its Priority Transformation Programmes;

• strategies for a green economy, including Promoting the Green Economy in 
Iceland, the Green Growth Policy in the Netherlands (2013), the Green Growth 
Commitment in Portugal (2015) and the Green Economy Action Plan in 
Switzerland (2013);

• strategies to reduce import dependency and secure raw materials, including 
the Czech Republic’s Action Plan for Self-Sufficiency in Raw Materials, and 
Turkey’s Programme for Reducing Import Dependency;

Box 11.1: The Scope of Materials, Resources and Resource Efficiency
It is worth noting that there is no uniform definition or even implicit under-
standing of key terms such as materials, raw materials or resources in EU and 
national policy documents that deal with resource efficiency and raw 
materials.

The term ‘resource efficiency’ denotes the political goal of ‘allowing the 
economy to create more with less, delivering greater value with less input, 
using resources in a sustainable way and minimising their impacts on the 
environment’. The December 2015 EU Action Plan aims to support a circular 
economy in which ‘the value of products, materials and resources is main-
tained in the economy for as long as possible, and the generation of waste is 
minimised’.

Similarly, in most countries key concepts remain undefined. The EEA 
analysis of country policies on resource efficiency carried out in 2011 showed 
that there was neither a clear definition nor a common understanding of key 
terminology. Terms such as resource efficiency, decoupling or sustainable use 
of resources often seemed to be used as synonyms. Very few countries for-
mally defined ‘resources’ in their policies, and some used the narrower ‘raw 
materials’ when addressing resource efficiency. The responses provided by 
the countries in 2015 indicate that key terms and concepts continue to defy 
definition. Two thirds of the countries reported that neither the terms nor the 
scope of ‘resources’, ‘materials’ or ‘resource efficiency’ are explicitly defined 
in their policies relating to material resource efficiency.

While the intuitive shorthand of ‘doing more with less’ seems sufficient for 
current policy needs, such a vague scope will make it difficult to carry out an 
insightful assessment of progress towards resource efficiency objectives.
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• thematic strategies or plans addressing specific resources or sectors, such as 
Liechtenstein’s Action Plan on the use of recycled material for public buildings 
(2010) or the Lithuanian National Forestry Sector Development Programme for 
2012–2020;

• programmes for agricultural and rural development, such as the Estonian 
Rural Development Plan for 2014–2020, Latvia’s Rural Development Programme 
2014–2020 or the Polish Strategy for Sustainable Development of Rural Areas, 
Agriculture and Fishing.

A majority of countries (28 out of 32) presented waste management and recy-
cling initiatives as the core of their national approach to material resource efficiency. 
Examples of good practice reported by countries were also dominated by waste 
prevention and/or recycling measures. This indicates an opportunity to address both 
themes together, through for example, the circular economy, the recovery of sec-
ondary materials or industrial symbiosis.

Almost all countries (29) reported various initiatives related to energy use, 
energy efficiency and the use of renewables as part of national policies on material 
resource efficiency. In most countries, however, energy policy is a separate long- 
standing policy field, and energy and resource efficiency are still largely discon-
nected from a programmatic point of view. This might warrant more attention in 
future, as there are many potential synergies between the two, in line with the 
Seventh Environment Action Plan (7EAP) objective to ‘turn the Union into a 
resource-efficient … low-carbon economy’.

11.5  Policy Objectives

In contrast to targets, which are measurable, concrete and have a deadline (and are 
discussed in section 11.8), general policy objectives are a statement of intent and an 
indication of goals to be achieved with respect to material use and resource 
efficiency.

Countries reported almost 400 examples of general and specific policy objectives 
directed at all kinds of natural resources, sectors and topics. Table 11.2 presents the 
most frequently reported (seven or more entries) policy objectives for material 
resource efficiency, grouped by theme

11.6  Closing Material Loops in a Circular Economy

Flanders (Belgium), Germany and the Netherlands reported having a dedicated strat-
egy for closing material loops in the circular economy. Several more countries 
acknowledged the need to move away from the current linear economic model, stating 
that the circular economy and closing material loops are already policy priorities.
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Complying with existing waste legislation and targets—as well as the Circular 
Economy Action Plan—appear to be the most important drivers for initiatives to 
close material loops. This is a clear illustration of how initiatives at the EU level 
stimulate national action.

As shown in Fig. 11.3, the majority of reported initiatives on the circular econ-
omy are targeted at waste and secondary raw materials (a downstream policy option) 
and at the abiotic part of the economy. Only two countries explicitly commented 
that the circular economy requires going beyond increasing recycling rates and a 

Table 11.2 The most frequently reported policy objectives for material resource efficiency, 
grouped by theme

Waste and recycling (144 in total) Increase recycling rates and recovery (24)
Waste prevention (17)
Promotion of reuse and secondary resources (17)
More efficient waste management (16)
Efficient construction and alternative building 
materials (11)
Reduce environmental impacts of waste (9)
Apply waste hierarchy (8)
Reduce food losses and waste (8)

Material resource use objectives (64 in 
total)

Sustainable use of natural resources (14)
Increase (material) resource efficiency (13)
Reduce environmental impacts associated with 
material use (10)
Reduce use of minerals (7)

Managing energy more efficiently and 
increased share of renewables (54 in 
total)

Increase share of renewables/energy transition (14)
Improve energy efficiency in (certain) sectors (12)
Reduce greenhouse gas emissions (8)

Economic considerations – 
Competitiveness and security of supply 
(54 in total)

Green/sustainable economic growth (13)
Innovation/resource-efficient production/clean 
technology (12)
Secure supply of energy and raw materials (10)
Market introduction of innovative, resource- 
efficient technologies and services/eco-design (9)
Increased competitiveness (8)

Conservation of natural resources (47 in 
total)

Protect biodiversity (14)
More sustainable forest management (12)
Reduce waste of water/increase water-use efficiency 
(10)
More sustainable utilisation of land and soil (7)

Societal interests – Education and 
consumption patterns (20 in total)

Improve education/knowledge (7)
Decrease unsustainable consumption patterns (7)

Note: Table 11.2 lists only those policy objectives that were mentioned by at least seven countries. 
However, these account for almost 80% of the total reported and as such are considered representa-
tive of the most common priorities.
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higher use of secondary raw materials. It might therefore be worth reflecting on how 
policies on the transition to a circular economy could encourage initiatives beyond 
waste and recycling.

It is worth noting that the situation with respect to policies for the circular econ-
omy is changing dynamically. Figure 11.3 is based on information provided by par-
ticipating countries in late 2015. Since then, a variety of national initiatives have 
been taken, including the adoption of national circular economy plans in, among 
others, Belgium (at the federal level), Finland, the Netherlands and the United 
Kingdom (Scotland).

11.7  Indicators

The indicators most commonly reported as being used to monitor material resource 
efficiency are Eurostat-produced ones based on material flow accounting (MFA). 
The most frequently reported indicators in this group were, in descending order: 
resource productivity (the ratio of gross domestic product to domestic material con-
sumption, GDP/DMC – 17 reports); Domestic Materials Consumption, DMC – 16 
reports); DMC per person – 9 reports; and direct material input (DMI).

Interestingly, MFA-based indicators are in use both within and outside the EU, 
as demonstrated by reports from Serbia, Switzerland and Turkey.

In addition, eight countries reported various initiatives to estimate their global 
material footprints, typically using raw materials consumption (RMC) as the 
indicator.

Countries also tend to use indicators on waste generation and management as a 
measure of material resource efficiency. For this group, the high number of reporting 
countries results from the requirements laid down in EU waste-related directives.

53%

17%

11%

7%

6%

3% 3%

Reported policy initiatives to close material loops in the circular economy 
across different life-cycle stages 

Waste management (including
recycling)
Waste prevention

Production and distribution

Consumption and stock

Design

Extraction of natural resources

Reuse, repair, redistribute,
refurbish, remanufacture

Fig. 11.3 Reported policy initiatives to close material loops in the circular economy across differ-
ent life-cycle stages
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The EU Resource Efficiency Scoreboard was frequently mentioned as a common 
source of indicators. This suggests that a model which brings together several rele-
vant indicators in one place has been well received. Finally, very few countries have 
developed their own indicators on material resource efficiency and closing material 
loops.

One of the challenges for both material resource efficiency and the circular econ-
omy is to develop adequate indicators to monitor trends, measure progress and set 
targets where appropriate. No country reported having a coherent set of indicators 
in place for the circular economy and closing material loops. Measuring the degree 
of circularity is quite challenging within the established statistical system in Europe, 
so it may be useful to monitor the progress of ongoing experiments in this field, for 
example in Belgium, Germany or the Netherlands.

11.8  Targets

For the majority of countries, compliance with existing EU legislation is a strong 
driver of policy action taken at the national level. The two areas for which targets are 
common are waste and energy. Action here is clearly driven by EU regulations, 
though some countries have adopted targets that are more ambitious than those 
required by current EU legislation. Some non-EU participating countries also 
reported having targets for waste and energy in line with EU directives.

All in all, the formulation of resource efficiency objectives and targets is clearly 
a challenge, at both the EU and national levels. The EU itself does not have a target 
for material resource efficiency. However, nine EU member states have adopted 
targets for national material resource efficiency: Austria, Estonia, France, Germany, 
Hungary, Latvia, Poland, Portugal and Slovenia. In most cases, these targets are 
based on gross domestic product relative to domestic material consumption (GDP/
DMC), the EU’s lead resource productivity indicator:

• Austria is striving for a 50% increase in resource efficiency (GDP/DMC) by 
2020 relative to 2008, and aspires to a four- to ten-fold improvement by 2050, as 
presented in its national Resource Efficiency Action Plan.

• Estonia reports aiming for a 10% increase in resource efficiency to EUR 0.46/kg 
(GDP/DMC) as part of a Coalition Agreement of the Estonian Government for 
the period 2015–2019.

• France aims for a 30% increase in resource productivity (GDP/DMC) between 
2010 and 2030 as well as a decrease in per person DMC over the same period.

• Germany has a target of doubling abiotic material productivity within the period 
1994–2020, included in its 2002 National Sustainable Development Strategy.

• Hungary stipulates reducing its material intensity (DMC/GDP) to 80% of the 
2007 level, by 2020, in the 2011 National Environmental Technology Innovation 
Strategy, which is part of the Hungarian National Reform Programme.
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• Latvia adopted a target for resource productivity (GDP/DMC) to reach EUR 
710/tonne in 2030, with intermediate targets of EUR 540/tonne in 2017 and EUR 
600/tonne in 2020.

• Poland, in its Strategy for Innovation and Efficiency of the Economy, adopted a 
target of increasing resource productivity to EUR 0.45/kg by 2015 and EUR 0.5/
kg by 2020 (GDP/DMC).

• Portugal stipulates an increase in national resource productivity from EUR 1.14/
kg in 2013 to EUR 1.17/kg in 2020 and EUR 1.72/kg in 2030 in its Green Growth 
Commitment.

• Slovenia’s target for resource productivity anticipates that overall resource pro-
ductivity by 2023 should increase to EUR 1.5/kg DMC, from 1.07 in 2011.

No countries reported having targets for reducing the use of primary materials 
(metals, minerals or biomass) or for specific materials, including those on the EU 
list of critical raw materials. Very few targets have been adopted at the level of indi-
vidual economic sectors.

One interesting finding emerging from the 2016 EEA report is an increasing 
number of initiatives on material resource efficiency taken by public authorities and 
local governments within their areas of competence. The reported targets go beyond 
the most obvious topic of sustainable public procurement, and include reducing 
energy consumption in public administration, reducing the use of paper, or increas-
ing the use of sustainable transport. Examples of specific targets set for the public 
sector are presented in Box 11.2.

11.9  Institutional Set-up

Material resource efficiency is a cross-cutting issue involving several domains and 
policy levels. The institutional set-up reflects this, having evolved in different ways 
depending on national governance structure, and ranging from fairly centralised 
approaches, such as in France or Poland, to more decentralised ones, as in Belgium 
and the United Kingdom.

Almost all countries reported having an institutional structure to develop mate-
rial resource efficiency policies. The most frequently occurring model is a shared 
ministerial responsibility, typically involving ministries of the environment, econ-
omy, energy and agriculture. However, this frequently leads to overlapping respon-
sibilities and competencies—twenty countries reported having four or more 
ministries or agencies with responsibility for material resource efficiency. Further 
streamlining of institutional arrangements in which several ministries are involved 
could ensure the more effective use of capacities and help improve policy 
coherence.
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11.10  In Conclusion

The overall picture that emerges from the EEA survey of 32 countries carried out in 
late 2015 is that the economic benefits of improved efficiency and circularity of 
resource use are increasingly being recognised and acted upon.

However, despite a growing number of national initiatives, the wide scope and 
conceptual complexity of the issues around materials resource efficiency and circu-
lar economy leave much room for improvement in policy initiatives and their imple-
mentation. Further integration of policies regarding energy, material resources and 
waste would appear particularly beneficial.

There is also scope for an increased focus on upstream measures to close mate-
rial loops (such as eco-design, business models, consumer behaviour and corre-
sponding incentives) to complement the well-established downstream policy 

Box 11.2: Examples of Targets set for the Public Sector and Government
Finland

• All new public buildings should be near zero energy by 2017.
• Finnish public-sector employees are to strive to rearrange their working 

routines so that by 2015 they will travel 10% less than in 2010.
• By 2015 all vehicles purchased for mass transport should have emissions 

lower than 100 g/km; or at least 30% of vehicle fleets should use electric, 
ethanol, gas or hybrid solutions.

• Purchased electricity for public buildings must come 100% from renew-
able sources.

• Catering in central government organisations should increase the share of 
organic food to 10% by 2015 and 20% by 2020.

France

• For public authorities, reduce office paper consumption by 30% by 2020.
• Achieve a 25% share of recycled paper in all paper use by 2017, and a 40% 

share by 2017 for public authorities.
• Achieve a 50% share of reused or recycled building waste materials in road 

construction materials purchased by national and local authorities in 2017, 
rising to 60% by 2020.

Portugal

• Reduce energy consumption in public administration by 30% by 2020 and 
35% by 2030.

Turkey

• Reduce annual energy consumption in public enterprise buildings and 
facilities by 10% by 2015 and 20% by 2023.
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measures for waste management and prevention laid down in the EU environmental 
acquis.

Various targets have been adopted and corresponding monitoring mechanisms 
are in development in many countries, but major gaps still exist regarding compat-
ible waste and material flow statistics and accounts, sectoral performance indica-
tors, enablers of progress and environmental and socio-economic co-benefits.

The need for capacity building is widely recognised, with the exchange of 
national experiences and propagation of effective practices seen as central to the 
harmonisation of key concepts and methods as well as to increased policy coher-
ence and impact.
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Chapter 12
The Resource Nexus and Resource Efficiency: 
What a Nexus Perspective Adds to the Story    

Raimund Bleischwitz and Michal Miedzinski

Abstract This chapter addresses the resource nexus, a concept that has recently 
become quite popular. It is often framed as a water-energy-food nexus and dis-
cussed at international organisations, within infrastructure planning units and 
among actors on the ground concerned with the Sustainable Development Goals 
(SDGs) of the United Nations. The chapter seeks to clarify a common understand-
ing of what the concept entails and proposes an augmented five-node nexus, which 
includes materials and land. We define the nexus as a set of context-specific inter-
linkages between critical natural resources used as inputs into socio-economic sys-
tems of provision. Furthermore, we discuss how the nexus fits into the narratives of 
resource efficiency and eco-innovation. The chapter argues in favour of the comple-
mentary strengths of both and gives an outlook on governance options.

Keywords Sustainability • Eco-innovation • Resource nexus • SDGs • Transitions

12.1  The Challenge of the Resource Nexus

The narrative of the water-energy-food nexus is nowadays often used to portray the 
complexity of nature and its interactions with societies.1 This approach refers to the 
numerous interlinkages and competing demands for the use of natural resources, 
perhaps best illustrated by water needed for both energy and food production. 
Research conceptualizes the nexus as a set of interactions, comprising important 
drivers for the use of resources. Natural resources serve as direct inputs in the pro-
duction processes of another resource or they can substitute the use of another 
resource. Indirect effects related to specific uses of resources also have to be taken 

1 See also the Future Earth Knowledge Action Network on the nexus at: http://futureearth.org/
future-earth-water-energy-food-nexus; the work of the UK nexus network at: http://www.thenex-
usnetwork.org; or one of the origins: http://www.water-energy-food.org
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into account because claims for a particular use of one resource can compete with 
other demands, as in the case of land use for either food or bioenergy production.

Such a systems approach has a long tradition in sustainability research (Wichelns 
2017). The nexus debate has emerged only at the beginning of the 2010s (Hoff 
2011; Andrews-Speed et  al. 2012, 2014) to offer a more integrated approach to 
studying resource use and management. In fact, nexus terminology is increasingly 
popular, possibly at risks of becoming a ‘buzzword,’ as a recent editorial in Nature 
(2016) suggests, and being subject to quite different perceptions from stakeholders 
(Cairns and Krzywoszynska 2016; Green et al. 2016).

Our contribution takes those uncertainties about what the nexus means as a start-
ing point to discuss a perspective. What can be considered new is, first, a systemic 
resource-based approach to environmental challenges taking into account issues 
emerging across all resource use patterns rather than originating from one or few 
selected flows and, second, a distinct attempt to grapple with social issues on the 
ground, such as access to resources and security.

Against the background of research, planning and management often being orga-
nized along single ‘silos’ of water, energy, etc., the aim of the resource nexus 
approach is to look at the connections between the resources in a more integrated 
manner. These interlinkages are manifold and complex, as all resources need others 
as inputs for their production and along value chains to the delivery of goods and 
services for final consumers. The nexus attracts attention because it provides a 
holistic and systemic view enabling fresh thinking on emblematic sustainability 
issues. We shall discuss below how such concept could facilitate adequate innova-
tive solutions, engaging researchers, entrepreneurs and innovators on the ground, 
dubbed here ‘nexus innovations’.

12.1.1  Definition and Scope of the Nexus

Our contribution defines the resource nexus as the set of context-specific critical 
interlinkages between critical natural resources used as inputs into socio-economic 
systems of provision. The nexus can be conceptualized as a set of critical interlink-
ages between the different natural resources, with human activities shaping the driv-
ers, intensity and efficiency of resource use, and humans and the environment either 
benefiting or being impacted by the outcomes of resource use. Criticality in such 
interlinkages may result from different drivers, such as overusing minimum supply 
conditions, passing critical threshold values, and indeed numerous tradeoffs. 
Hydroelectricity may serve as a case where an expected provision of electricity 
won’t occur under conditions of an extended drought, creating knock-out impacts 
for customers.

Recent nexus scholars (Bleischwitz et al. 2017) propose a scope for the nexus 
that comprises all direct and indirect resource inputs into socio-economic processes 
at appropriate scales, taking into account:
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• Water
• Energy: Fossil fuels and other fuels such as nuclear, REN
• Food: food is seen as a system of provision, as there is usually a series of pro-

cessing steps between biomass production and consumable food, all of which 
depend on inputs of energy, water and other resources. In Fig. 12.1, biomass is 
part of food, energy, and land, illustrating the interlinkages and putting more 
emphasis on the systems of provision rather than resources itself.

• Land: Land is an ultimately limiting factor of production and serves all environ-
mental functions of support, regulation, provisioning, and cultural services.

• Materials are relevant because:

 – they make up for ~50% of resource use in most industrialized countries (mea-
sured in physical units as used in Material Flow Analysis methodology);

 – The costs for manufacturing industry are significant (Wilting and Hanemaaijer 
2014) and the potential for eco-innovation enormous;

The Resource Nexus

Land

Water

FoodMaterials

Energy

Input  (Major or Minor Provision of A needed to produce a service from B)
Subs�tu�on (A may subs�tute B for a certain service)

Fig. 12.1 The resource nexus (Source: Own illustration after Andrews-Speed et al. 2014)
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 – Base metals, critical materials and construction minerals are relevant for the 
SDGs related to water, energy, and urbanisation; mineral fertilizers are rele-
vant for food production;

 – Materials have been assessed as being important intermediaries of environ-
mental impacts (UNEP 2010: 81).

We propose to have subcategories for metals and critical materials, construction 
and industrial minerals and a separate account for mineral fertilizers.

Having such a five-node nexus of water-energy-food-land-materials leads to 
more complexity compared to the majority of previous studies that analyse a two- 
node or a three-node nexus. In line with recent sustainability research (Liu et al. 
2015: 3), it also captures ‘a bigger picture’ and facilitates bringing in the social 
dimension. We consider this approach as flexible and open: case studies may focus 
on a few core critical interlinkages, and may also analyse interlinkages within some 
of these dimensions, such as biomass, land use and food.

Box 1: The Many Faces of Nexus
The contemporary debate features a number of approaches to the resource 
nexus with different views on which resources ought to be considered as part 
of the concept. The most widely acknowledged scope covers water – energy – 
food (Hoff 2011; Bazilian et  al. 2011; Lawford et  al. 2013). Other studies 
focus on:

• The water – energy nexus (Ackerman und Fisher 2013; Glassman 2011; 
Howells and Rogner 2014), inspired by the huge amount of energy needed 
for water pumping and by the impact a drought might have on electricity 
production;

• Water – energy – food – land (European Commission 2012; Ringler et al. 
2013; Sharmina et al. 2016) as main biotic resources originate from land 
use patterns;

• Water – energy – food and mineral fertilizer (Mo and Zhang 2013), point-
ing at the potential depletion of such resources, their relevance for food 
security, and their complex supply chain with recovery opportunities from, 
e.g., waste water;

• Water – energy – minerals (Giurco et al. 2014) illustrated by declining ore 
grades and the high intensity of using water and energy during extraction 
processes.

The studies published by Chatham House (Lee et al. 2012) and by the Transatlantic 
Academy (Andrews-Speed et  al. 2012 and 2014) share a wider recognition of 
resources as manifold inputs into economic processes in line with the approach 
proposed in this Outlook; so has McKinsey Global Institute (Dobbs et  al. 2012) 
with a focus on opportunities for some industrial sectors.
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There is also a large number of regional case studies, e.g., on India (Rasul 2014), 
South Asia (Mukherji 2007; Rasul 2014), and the MENA region (Siddiqi and 
Anadon 2011), which assess those resource interlinkages that are most relevant in 
the region. Without being exhaustive here it can be said that the resource nexus 
concept is fairly often applied on the ground at different scales.

Figure 12.1 shows the many ways in which the use of key resources interacts. 
Some nexus issues may be more obvious than others, such as the connection 
between food and water suggests. Others have become more pressing recently, such 
as the water inputs needed for energy production when droughts occur.

12.1.2  The Relevance of the Nexus

The nexus challenges are pertinent for many actors, involving private companies, 
development agencies, infrastructure planning units for water and energy, and inter-
national organizations. The challenge for decision-makers is that all activities that 
are intended to use a specific resource should be based on the knowledge about the 
following factors: the estimated inputs needed from other resources in the future, 
how those may compete with other demands, and what critical events might arise 
that may put constraints on such supply in the future.

The extended novel narrative of the resource nexus should, therefore, also address:

• The resource interlinkages across use patterns, especially along what is known 
from consumption research as ‘systems of provision’ (Ben Fine and Ellen 
Leopold), i.e., the essential services of public importance;

• Human security, a ‘nexus on the ground’, and livelihoods of the one billion + peo-
ple living below the poverty line (Biggs et al. 2015);

• Political and economic security, partly as a tool for analysing conflicts related to 
natural resources within regions or across borders and partly as a tool to assess 
supply chain securities.

The resource nexus concept becomes relevant for risk assessments especially 
in water and energy planning, but also for land use planning and for strategic 
investments. Furthermore, it can be seen as systemic in addressing all relevant 
issues that can be related to the use of natural resources in societies and across 
many scales.
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12.2  Eco-Innovation to Address the Nexus Challenges

12.2.1  Nexus and Eco-Innovation Opportunities

Much of the nexus narrative has been built-up to understand risks stemming from 
critical interlinkages and how they would affect people. Yet, it is also a compelling 
narrative for opportunities – and here the narratives of resource efficiency and eco-
innovation kick in. Minimizing tradeoffs and exploiting synergies across the use of 
resources is a common understanding of both nexus approaches and those opportu-
nities. It should also be common ground to avoid waste and making resource use 
more circular, from business operations onto supply chain management. What needs 
to be recognized is a wider opportunity of both approaches coming together. In 
comparison to the nexus with its focus on security especially in fragile regions, the 
current understanding of eco-innovation has strong bearings in pioneering manufac-
turing industries and policy actors across the environment and economy  – quite 
often in mature or emerging regions with import dependencies on commodities.2 
The overarching challenge of bringing those two narratives together thus shouldn’t 
be underestimated. Yet it seems promising to try, and it may help turning the bias on 
risks and threats inherent to the nexus concept into a joint narrative of delivering 
SDGs and opportunities to eco-innovate. Needless to say any understanding of 
innovation should include both technological and non-technological innovations 
introduced by various actors (including public sector and partnerships).

Nexus innovation needs to be a change that addresses critical interlinkages of at 
least two resources, while not posing additional risks on others. Therefore, it would 
need to go beyond measures to focus on single materials. One should also strongly 
consider equity issues and a focus on improving access for deprived actors – giv-
ing it a boost in developing and emerging societies. Accordingly, it could be small 
such as an application of drip irrigation in farming and land use and should typi-
cally be related to an SDG. By design it should correct systemic deficiencies and 
reconfigure system-level structures and dynamics by introducing mutually rein-
forcing innovations to respond to a nexus challenge. These changes will often 
include new products or services but, in order to ensure systemic impacts, they 
have to come with an enabling mechanism. The latter may be co-created by actors 
on the ground such as farmers or SMEs, by introducing collaborative business 
models, innovation alliances, and go ahead via ambitious standards and norms, as 
well as conducive policy and regulatory frameworks. The boundary of nexus inno-
vation should encompass elements in the system to create Schumpeterian dynam-
ics. Innovating together and enabling people may influence the entire system 
dynamics towards a more sustainable mode of production and consumption. Such 
eco-innovation needs to internalize changes within innovation systems that usually 
reside outside innovators’ strategy. It will often require new collaborations, often 

2 See e.g. the excellent work done by the EU’s eco-innovation observatory at: www.eco-innovation.
eu
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involving public-private partnerships, within and across sectors, value chains and 
supply chains, and may require adapting regulatory frameworks.

Nexus innovation has to differentiate and compare key resource interlinkages, 
and likely environmental pressures and impacts associated with alternative eco- 
innovative solutions. Energy transitions towards a low carbon system have partly 
underestimated the nexus challenges of dealing with water, land use and the need 
for materials. The concepts of a circular economy and resource efficiency are very 
much in line with main aims of a nexus approach. Some related indicator systems 
(DMC/RMC) are more narrow and should be widened to capture nexus dimensions. 
Material flows analysis (MFA), for instance, does neither address water nor land.

Furthermore, due to its broad boundaries, it needs to include both economic and 
social rationale behind the choices to support one or another innovation pathways. 
This requires a reflection, collective deliberations and new forms of evidence on 
how trade-offs between different uses of different resources can be addressed.

12.2.2  Energy Transitions

The Paris agreement of 2015 has paved the way for a deep decarbonisation of our 
economies, i.e., a major transformation of the energy system towards low carbon 
societies. A nexus innovation approach would underpin such new direction by add-
ing insights on how all alternative energy sources  – unconventional fuels, bio- 
energy, wind and solar – come with additional demand for water and materials and, 
partly, for land. It is thus of utmost importance to go beyond a ‘carbon’ indicator 
and add such nexus dimensions in scenarios, integrated assessment modelling as 
well as other modelling tools. Nexus modelling tools are emerging (WEAP-LEAP, 
CLEW, ENV-Linkages, ENGAGE) and should be used for the development of 
energy transitions, especially if regions are exposed to nexus risks of water stress 
and food security issues. However, issues of critical materials needed for low carbon 
technologies point straight forward at the international nexus dimension of any 
national lead market for clean energy – such national forerunners usually import 
critical materials and should trace the sustainability of supply conditions. Similar 
nexus dimensions arise with using bio-energy that may have been produced under 
conditions elsewhere that are unsustainable for water, land, and food dimensions of 
bio-energy. It is also worth noting coal production as a source for nitrogen, and thus 
there is a need to innovate for alternative supply paths for fertilizers.

12.2.3  Implementing the SDGs

It will be decisive to bring both a nexus and an eco-innovation perspective into the 
implementation of the sustainable development goals (SDGs) launched in 2015. 
The SDGs are likely to have major implications for future resource markets. 

12 The Resource Nexus and Resource Efficiency: What a Nexus Perspective Adds…
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However, those implications are mixed. On the one hand, many of the new SDGs 
will lead to an increase in demand for a number of materials:

 – Goal 2: “End hunger, achieve food security and improved nutrition and promote 
sustainable agriculture” – implies increasing demand for land, mineral fertilisers, 
water, biomass and food.

 – Goal 6: “Ensure access to water and sanitation for all” – implies investments in 
water supply and a water distribution infrastructure, i.e., increasing demand for 
materials.

 – Goal 7: “Ensure access to affordable, reliable, sustainable and modern energy for 
all” – is likely to imply increasing demand for bio-energy and renewable energy, 
plus more traditional energy sources, which again implies more demand for land, 
biomass, water and materials.

 – Goal 9: “Build resilient infrastructure, promote inclusive and sustainable indus-
trialization and foster innovation”  – will require more construction materials, 
metals and other materials.

Adding the promotion of economic growth to it, as well as efforts to eradicate 
hunger and enhance health, the signals for future demand for resources stemming 
from the SDGs are clearly upwards. At least for key metals (aluminium, iron ore, 
copper and nickel, which altogether make up for more than 80% of world produc-
tion of metals), for construction minerals, for biomass and food, for water, and for 
arable land, the SDGs are very likely leading to new and additional demand com-
pared to business as usual forecasts (see for food and land use issues: Obersteiner 
et al. 2016). The situation for energy fuels is less straightforward as climate policy 
will probably lead to restrictions for using fossil fuels, if political efforts succeed, 
although major suppliers may not join any future international agreement and have 
announced plans to expand production. If prices for fossil fuels stay low, efforts to 
curb demand will be difficult to achieve.

On the other hand, the SDGs also endorse the sustainable production and con-
sumption agenda, and call for global increases in resource efficiency as well as for 
aims to achieve sustainable and resource-efficient infrastructures by 2030 (Goal 9) 
and sustainable management and efficient use of all resources by 2030 (Goal 12). 
Moreover, they aim to “improve progressively, through 2030, global resource effi-
ciency in consumption and production and endeavour to decouple economic growth 
from environmental degradation (…)” (Goal 8).

The balance between such expected demand increases and other goals however 
is not entirely clear, in particular as key terms (such as sustainable management and 
efficient use of all resources) are insufficiently defined and will leave space for quite 
different implementation pathways.

Analysing and developing nexus innovations will thus have a key role to play in 
delivering the SDGs 2 (food), 6 (water), 7 (energy), 9 (infrastructure and industrial-
ization), 12 (sustainable consumption and production) in a more integrated manner. 
Bringing nexus and eco-innovation closer together, it should clarify trade-offs and 
identify synergies. A joint approach of the nexus and eco-innovation will also be 
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required to develop principles for a sustainable management of resources (SDG 12) 
and to understand future dynamics on resource markets and within societies.

12.3  What Can Policy Makers/Business/Other 
Stakeholders Do?

12.3.1  Improving Evidence Base and Policy Learning

The resource nexus requires a robust evidence based on interdisciplinary knowledge 
and diverse expertise actively brought in along the whole policy process. Policies 
need to encourage collaborative transdisciplinary research engaging various stake-
holders in generating and validating context-specific evidence for policy interven-
tion. The dynamic nature of the challenge requires that the evidence base needs to 
be continuously adapted based on an on-going policy learning process that inter-
prets and prioritizes validated evidence in a transparent way. The complex and 
emerging nature of nexus requires that the evidence base provides data on critical 
resource interlinkages as well as other key data on footprints, and incorporates the 
long-term prospective view by engaging in inclusive foresight methods as well as 
establishing links with modelling. The establishment of an international open- 
access database would be a huge step forward. There is a need to integrate the 
notion of risk and uncertainty in such analysis, while integrating the pre-cautionary 
principle at the heart of the process.

12.3.2  Shared Understanding of the Nexus Challenges 
and Key Projects

Nexus platforms need to involve many stakeholders who bring with them diverse 
perceptions, understandings and interests that explain how they frame the problem. 
Various stakeholders will perceive the same problem through different lenses focus-
ing on aspects of technology and infrastructure, environment, economic and busi-
ness models, policy and regulations, as well as culture and values. All these 
perspectives are valuable for policy in the context of the nexus and decoupling. 
Policy processes should directly include nexus issues in a regional or national pro-
cess to assess the resource base towards implementing SDGs and delivering green 
growth, a process in which these various frames are transparently presented, 
explained and supported with the use of evidence. It should help to make risk assess-
ments and better planning, and facilitate key projects on such nexus innovations by 
comparing successful niches and scaling them up regionally and internationally. 
This process enriches the evidence base by bringing new stakeholders in, revealing 
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the motivations and positions of stakeholders as well as prepares the foundations for 
the vision and strategy on how innovation alliances can tackle the nexus issues.

Such key projects may comprise:

• Transboundary river management with better planning for hydropower and 
co-benefits

• Development of urban green space and urban farming
• Development of business niches with local people at the Bottom of the Pyramid3 

towards eco-innovations with a potential to grow and become interconnected
• Enabling new alliances for collaborations with international companies seeking 

community involvement and eco-innovation across borders with local benefits
• Engaging with investors, large companies, and international organizations that 

are under pressure to serve long-term goals with more short-term returns.

12.3.3  Leadership, Participation and Shared Visions 
of the Future

The nexus challenges have the strength of being oriented towards a mid-term hori-
zon of 10–30 years, which is in line with planning for water and energy infrastruc-
tures, land use, mining projects, and investments for producing capital goods. Key 
projects as outlined above are important for establishing ties between stakeholders, 
in particular when the institutions are weak (Acemoglu and Robinson 2012). Overall 
it requires a strong buy-in from both stakeholders affected by the challenges as well 
as those who may be instrumental in solving them. The latter may not be directly 
affected by the challenges, but they may consider their contribution beneficial, if 
evidence on short-term benefits and co-benefits can be established. Water manage-
ment, food security, sustainable energy systems, transitions for resource-intensive 
industries, and sustainable urban development are key areas. Policy and think tanks 
need to establish and provide a platform for developing future scenarios of dealing 
with nexus and a shared vision of the future. Indeed, this should add a long-term 
view too, e.g., the year 2050. The main value added of the process is creating shared 
visions based on various perspectives, and combining potentially conflicting inter-
ests into a ‘future project’ by creating short- and long-term incentives for key actors.

12.3.4  Short - and Long-Term Scenarios and Transition 
Roadmaps

The overarching vision needs to be translated into more tangible strategies on how 
to both kick-start the process, identify potential asset losses and sunk investments, 
and follow up on it in the medium to long term. Planning will need to explicitly 

3 See e.g. http://www.bopglobalnetwork.org/about-us
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recognize the interdependencies between uses of various resources and seek flexible 
solutions to overcome the current and avoid future lock-ins in the resource- and 
capital-intensive functional systems (e.g. energy and water supply) that contribute 
to unsustainable use patterns. Scenarios and roadmaps are examples of strategic 
tools well suited for dealing with complex challenges of winners and losers requir-
ing both short- and long-term outlooks. They provide a practical framework for 
developing shared understanding of alternative innovation pathways (scenarios) and 
contribute a foundation for implementation of complex multi-actor innovation proj-
ects (roadmaps). It will be essential to bring new valuation perspectives in such 
scenarios and roadmaps, in order to identify risks and gains of eradicating poverty 
and enabling access to key resources for the world’s poor. Research should support 
these processes via modelling efforts, potentially by soft linking bio-physical tools 
with macro-economic modelling and applying system dynamics as appropriate.

12.3.5  Systemic Policy for Nexus System Innovations

Policy makers are an important stakeholder in making system innovation possible; 
one may also consider an ‘entrepreneurial state’ (Mariana Mazzucato). Nexus chal-
lenges require an innovative, coordinated and coherent policy response based on a 
policy mix that both directly supports eco-innovation and also ensures that wider 
regulatory and policy frameworks favour the sustainability transition. The direct 
support can be delivered by dedicated market and financial instruments such as 
resource taxes or resource dividends (Thomas Pogge), allowing a degree of risk in 
the case of particularly promising investment, whereas the enabling environment 
can, step-by-step, develop a strong regulatory framework of ‘inclusive institutions’ 
(Acemoglu and Robinson 2012) as well as removing regulatory barriers, environ-
mentally harmful subsidies and other forms of support that favours actors or tech-
nologies that contradict the direction agreed in the vision.

12.3.6  Governance for Nexus Innovations

The resource nexus requires revisiting existing governance structures and mecha-
nisms. Conversely, it also should be applicable if the state is weak and institutions 
are weak too – as it is often the case in developing countries. Resource governance4 
thus is an attempt to provide lessons learned especially for resource-rich countries, 
with key areas such as transparency, accountability, diversification and revenue man-
agement. This angle is important and should be enriched with thinking about eco-
innovations. Such governance will concern all dimensions of governance, including 

4 See the excellent work by the Resource Governance Institute at: http://www.resourcegovernance.
org/, albeit it is yet weak at nexus eco-innovations.
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leadership, strategic deliberation, participation, responsibility and accountability, 
implementation, and monitoring and evaluation. Resolving nexus challenges 
require envisaging alternative forms of governance that exist in parallel to, or even 
substitute, established institutions and organizations. On the one hand, the chal-
lenge is to design and implement viable governance approaches that make optimal 
use of existing capacities and power structures by stimulating collective action on 
the ground. On the other hand, the challenge may be to innovate and create new 
governance structures when existing settings do not suffice or are mobilized 
against the desired change. The latter suggests that design of policy and gover-
nance need to take into account the dimension of power and leadership as well as 
organizational capacity, technical competences and budgets. In the global perspec-
tive, the governance catered for the nexus challenges is likely to rely on the region-
alized polycentric coordination of collective action towards a global coordination. 
This regionalized bottom-up perspective complements other planetary governance 
approaches, such as ‘earth system governance’ (Frank Biermann) that appear more 
top-down. Indeed global governance approaches need to combine both bottom-up 
and top-down.

12.4  Outlook

Amidst lively discussions about the nexus becoming a new buzzword, our contri-
bution provides a nexus definition and suggests a number of core elements for 
nexus analysis, centred around critical interlinkages to integrate multiple sustain-
ability goals like the SDGs. We suggest new conceptual underpinnings at the inter-
face with human security and strategic choices. A broad scope, illustrated by our 
five node nexus of water, energy, food, land, materials, remains important for sus-
tainability perspectives in general and for our notion of nexus innovation in par-
ticular. A nexus angle can help assess synergies and trade-offs of resource use 
across different spatial and temporal scales. It is potentially transformative of ana-
lytical and policy approaches to resource assessment and governance in the context 
of supply chain management and wider climate action, and also considering the 
fact of many countries being rich in some resources while depending critically on 
others. The strengths of the nexus approach may be seen in two regards: enabling 
a focus towards social issues, and helping to establish alliances beyond the usual 
environmental policy suspects. Clearly, for world-wide transformations both are 
indispensable assets.
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Chapter 13      
Germany’s Resource Efficiency Agenda: 
Driving Momentum on the National Level 
and Beyond                                      

Reinhard Kaiser

Abstract ProgRess—the first resource efficiency programme to be adopted by a 
European government—has been in place since 29 February 2012, with Germany 
embracing a trailblazing role once again. And that is a good thing, because only by 
being highly innovative both in terms of technology and society will we have a 
chance to compete globally and hold our ground as a prosperous country with a high-
wage economy. We seek to use our innovative capacity very purposefully to enable 
as many people as possible throughout the world to permanently enjoy good material 
living conditions—without damaging nature or squandering our planet’s irreplace-
able resources. After all, this Earth is only on loan to us from our children.

The German government and Bundestag (lower house of parliament) passed 
resolutions requiring reporting on progress in resource efficiency and an update of 
the ProgRess programme every 4 years. We fulfilled this requirement on 2 March 
2016 when the federal cabinet adopted ProgRess II, which is both an implementa-
tion report and an update of ProgRess. This article describes Germany’s activities at 
the national level and Germany’s involvement in European and international initia-
tives, and it outlines the broad range of work being done in Germany by the 16 
Länder (states) and at local authority level. It concludes by looking ahead to the 
further discussion in Germany and developments towards ProgRess III, to be 
passed in 2020.
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13.1  Introduction

In 2013, the editors of the current series of books—Michel Angrick, Andreas Burger 
and Harry Lehmann—pointed the way forward when they wrote in the “The Editor’s 
View” in Volume 30: “Protecting natural resources means raising the issue of their 
efficient use and, far beyond that, the issue of our production and consumption pat-
terns and therefore, of our lifestyles.” (Angrick et al. 2013) Germany strives to meet 
this immense challenge with its resource policy and constant improvements to per-
formance and processes. The German Resource Efficiency Programme ProgRess is 
a key factor in this.

Whatever action we, be it myself, you, the reader, or other stakeholders, take on 
resource efficiency will help to stabilize the global environment. But our actions 
will only make a quantitatively relevant, globally noticeable contribution if many 
actors take similar action in whatever way they can in their respective sphere of 
influence. It is vital that the actions we take complement and support each other. To 
this end, we must first know who is doing what. It is my hope that this book will go 
some way towards achieving that.

In this article, I would like to report on the activities in Germany, including on 
the work being done in the individual Länder and local authorities. However, first I 
would like to take a brief look at Germany’s European and international initiatives. 
Maybe you have already come across one or two of them? And that is why I will 
start right there.

13.2  The G7 Is Backing Resource Efficiency

Germany held the presidency of the G71 in 2015, and with a great deal of effort and 
luck, and—to our great delight—with the help of the Federation of German 
Industries (Bundesverband der Deutschen Industrie, BDI), we managed to get the 
topic of resource efficiency included in the German proposal for the G7’s agenda. 
This turned out to be quite momentous: at the summit of the G7 heads of state and 
government, held in Schloss Elmau on 7 and 8 June 2015, resource efficiency was 
declared to be one of the G7’s ongoing tasks.

Specifically, the following decisions were adopted:

• To establish a G7 Alliance on Resource Efficiency, to be launched at an open-
ing event in Berlin on 2 October 2015 (BMUB 2015a)

• To request that the UNEP International Resource Panel (IRP)2 prepare a synthe-
sis report on the most significant potential for resource efficiency at interna-
tional level;

• To request that the OECD develop a policy guidance paper.

1 G7=Group of 7: Germany, France, United Kingdom, Italy, USA, Canada, Japan.
2 We continue to work in the Steering Committee there. http://www.unep.org/resourcepanel/
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• And, as a general rule: each G7 presidency should in future organise at least 
one event on resource efficiency as part of the Alliance on Resource Efficiency 
(G7 Leaders Declaration 2015).

German business made a significant contribution to getting the issue off the 
ground, even in advance of the official meetings. Under the aegis of BDI, the B7—
the business associations of the G7 countries—met on 29/30 May 2015. They 
adopted a comprehensive appeal for innovation with a separate chapter on promot-
ing efficient use of resources and presented it to the summit (BDI 2015).

Work in the G7 Alliance got off to an encouraging start. It was prepared on 12 
March 2015 (BMUB 2015b) and launched on 2 October 2015 (BMUB 2015d) at a 
major conference in Berlin. The UK carried out a Workshop on Industrial Symbiosis 
in Birmingham on 29–30 October 2015 (International Synergies Ltd. 2015), and the 
USA invited a conference for the automobile industry on 22/23 March 2016 (epa 
2016). Japan, which holds the G7 presidency in 2016, continued the Alliance on an 
ambitious scale, starting by organising two meetings,3 and then adding an Action 
Plan, which continues and expands the G8’s 2008 Kobe 3R Action Plan.4 And so, 
resource efficiency was once more a focus of discussion and the subject of resolu-
tions in 2016 both at the G7 Environment Ministers’ Meeting15–16 May (G7 
Toyama Communiqué 2016)5 and at the G7 summit, 26–27 May (G7 Leaders’ 
Declaration 2016).6 Japan will also host two more events to conclude 2016.7

We are already looking ahead to the time after 2016: in 2017, Germany will hold 
the presidency of the G20 which, in addition to the G7 countries, also includes 
partners such as the EU, China, Russia, South Africa and India.8

Germany intends to take this opportunity to mainstream resource efficiency, 
embed it in a broader international context and set appropriate work processes in 
motion. The fact that the issue has gained a high level of support within the G7 is 
conducive to this, despite considerable resistance initially. Ultimately, it was a real 
learning process for us. The fact that India instigated an Indian Resource Panel not 
too long ago on 23 November 2015 is also conducive.9 But the most encouraging 

3 22./23.2.2016  in Pacifico/Yokohama, on international cooperation, especially with developing 
countries; and April 2016 on the IRP’s synthesis report.
4 This was highly influenced by the approach that originated in the waste management sector. Now 
the aim is to pursue the broader-based circular economy approach. https://www.env.go.jp/en/
focus/attach/080610-a5.pdf
5 Of particular interest to us in this Communiqué are pages 3-4 and 15 ff. on the Toyama Framework 
on Material Cycles.
6 Of particular interest to us in this communiqué is p. 29.
7 “Resource efficiency and Climate Change”, Tokyo, 12–13 December 2016; “International 
Resource Recycling”, Tokyo, 14th–15th December 2016.
8 Germany’s presidency began on 1.12.2016 and Argentina will take over on 1.12.2017.
9 Incidentally, this was instigated by a GIZ project carried out under BMUB’s International Climate 
Initiative, https://www.international-climate-initiative.com/en/news/article/new_indian_resource_
panel_contributes_to_climate_protection/?iki_lang=en&cHash=ceb84b12ad053783c661c19e898
469b6
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https://www.international-climate-initiative.com/en/news/article/new_indian_resource_panel_contributes_to_climate_protection/?iki_lang=en&cHash=ceb84b12ad053783c661c19e898469b6
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thing is that resource efficiency is explicitly mentioned in several places in the 
Sustainable Development Goals (SDGs), which were adopted at the UN General 
Assembly on 25–27 September 2015, which took place in the form of a summit (UN 
2015).10 This gives us an excellent political framework and numerous starting points 
for practical initiatives.

Here again, we received a call to action from business: the B20—which com-
prises the major business federations from 15 of the G20 member states—drafted an 
appeal on 2 June 2016 in Paris, calling for the G20 to prioritise resource efficiency 
in its work (B20 2016). At the time of writing, we are, of course, still in the starting 
blocks with regard to the G20 initiative and currently in the process of devising a 
strategy and informally sounding out the possibilities.

13.3  Slow Progress in Europe—Impacts Germany Too

Unfortunately, developments at European level have not been as encouraging. 
Former EU Environment Commissioner Janez Potocnik engaged with the issue of 
resource efficiency very ambitiously, and it became one of the seven flagship initia-
tives under the Europe 2020 strategy11 produced by the Barroso Commission (2009–
2014). The Commission presented a roadmap for the strategy (EU-COM 2011)12 
and, as a result of the European Council of Environment Ministers conclusions in 
December 2011, which it felt were disappointing, set up a high-ranking stakeholder 
body—the European Resource Efficiency Platform (EREP) (EU-COM 2014a)—on 
5 June 2012. Its members included Germany’s environment ministers Altmeier and 
Hendricks. The EREP concluded its work with policy recommendations on 31 
March 2014, (EU-COM 2014a)13 which were passed on to the new commission that 
would be set up that autumn. At the same time, the Commission produced a Circular 
Economy Package, which contained communications on all areas of resource effi-
ciency, along with a waste legislation package (EU-COM 2014b).

When a new Commission was created following the European elections of 25 
May 2014, a far-reaching change of policy direction occurred. In the expectation that 
it would be widely applauded for “doing away with anti-business regulations that are 
unnecessary and infuriating” the new Juncker Commission withdrew the legislation 
part of the package in December 2014. However, this move was not applauded; on 
the contrary, it unleashed a storm of outrage among the Member States, interest 
groups and the European Parliament. The all-round policymakers at the head of the 

10 Here relevant primarily SDGs 8.4 and 12.2, and also 9.4, 11b.
11 Links referring to this flagship initiative have apparently been removed from the Commission’s 
website or are inactive (see, for example, the link in following footnote).
12 The link “Go to the home page of the Resource Efficiency Flagship Initiative” given here was 
inactive on 12.11.2016.
13 http://ec.europa.eu/environment/resource_efficiency/documents/erep_manifesto_and_policy_
recommendations_31-03-2014.pdf p. 8 ff.
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Commission had clearly misunderstood the language of the specialists in the field. 
Broad-based criticism of the Commission’s proposal was indeed voiced in these 
circles—from Germany too—but this was seen as a completely normal part of the 
work process, and not as a neoliberal cry that “better regulation is no regulation.”

The EU Commission felt obliged to fend off criticism with a voluntary commit-
ment: within a year it would present an “ambitious” new package on the circular 
economy. In view of the massive amount of bureaucracy with which the new 
Commission hampered its own ability to initiate activities,14 this seemed like an 
ambitious time frame. In fact, the new package was presented by the Commission 
as promised on 2 December 2015 (EU-COM 2015) Once again, its legislation pack-
age refers to waste management only and essentially revisits the former draft. A new 
component is an Action Plan in the area of product policy, the details of which will 
no doubt be made more specific in the course of further discussions. Many of the 
recommendations of the EREP were not taken up, or only partially, although they 
already had the character of a compromise—large companies and industry associa-
tions had participated in the EREP, and even Germany’s contributions had been 
carefully agreed with the different ministries concerned and often incorporated 
feedback from the industry associations. It is particularly regrettable that the 
Commission made no mention of a European target for resource efficiency, as 
proposed by the EREP—something which Germany repeatedly advocated for.

It is therefore all the more encouraging that things have at least started to move 
in the area most closely connected to practice. Through the Association of German 
Engineers Centre for Resource Efficiency (VDI ZRE), we had instigated collabora-
tion across the resource efficiency agencies in the Member States. From the very 
first meeting in Berlin on 18 October 2012, this proved to be an extremely interest-
ing and fruitful approach; just how much specific experience was shared and the 
range of tools that people described to each other was astonishing.15 From the very 
outset, our aim was to set the ball rolling and then pass it to the EU. And we suc-
ceeded: the Commission took the ball on—it organised a third meeting—dribbled it 

14 Proposals were only to be made when absolutely necessary and then only by several commis-
sioners acting jointly. They would require the approval of the vice-president responsible before 
they could even be submitted to the Commission. The Secretariat-General would closely monitor 
the process and outcome at all times. The Secretariat-General alone was allocated some 200 addi-
tional posts to deal with its “additional” tasks. The Commission’s activities were to concentrate 
rigorously on a growth agenda, the substance of which seems to consist in handing out funding. 
For more information on the ideology behind this policy, the Commission communication entitled 
“Better regulation for better results” is to be recommended and makes fascinating reading. https://
ec.europa.eu/digital-agenda/sites/digital-agenda/files/dae-library/communication_br_package.
pdf. I myself considered launching a soil conservation initiative to demonstrate “better regulation” 
in practice, but found it simply impossible to achieve anything following the ideas and guidelines 
of the cited communication.
15 On 18.10.2012 10 ministries and agencies (M&As) from seven Member States participated in 
Berlin at the invitation of VDI ZRE. Other meetings took place on 17./18.02.2013 in Brussels at 
the invitation of WRAP UK with 20 M&As from 12 Member States; 15.01.2014 in Brussels with 
20 M&As from 12 Member States at the invitation of the Commission; 10.11.2014 in Berlin (back 
to back with the European Resource Forum ERF), with 16 M&As from 10 Member States.
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and then aimed for the goal. Initially it issued an invitation to tender for a smaller 
contract to develop an Efficiency Tool for SMEs,16 then on 30 December 2015—
after lengthy delays—it published an invitation to tender for a contract to organise a 
Europe-wide collaboration across different agencies within a European Resource 
Efficiency Excellence Centre. On 23 July 2016 the contract was awarded to a 
consortium,17 of which the German VDI ZRE Centre for Resource Efficiency is a 
member. This should lead to important further improvements to the work of those 
agencies that are already working well, but more than that it could also be an incen-
tive for those Member States in which little or nothing has happened to date with 
regard to resource efficiency. Our environmental concerns can only truly be 
addressed if they are not only pursued by a handful of pioneers but also enjoy sup-
port across the board.

13.4  Our Activities in Germany

We are proud to be one of the first countries in the world to have adopted a national 
resource efficiency programme, also known as ProgRess, on 29 February 2012.18

The aim of the German Resource Efficiency Programmes is to make the extrac-
tion and use of natural resources more sustainable and to minimise the environmen-
tal pollution associated with it to the furthest possible extent. In this way, we seek to 
create the basis needed to ensure a high quality of life on a permanent basis—also 
with a view to our responsibility for future generations.

The German government seeks to decouple economic growth from the use of 
resources as far as possible and reduce the associated environmental pollution, thereby 
making German industry more competitive and fit for the future, which in turn will 
promote stable employment and social cohesion. The resource efficiency policy is 
meant to help us shoulder our global responsibility for the environmental and social 
impacts of resource use. The aim must be to reduce the use of raw materials.

ProgRess deals with a selection of resources. ProgRess I focused on abiotic, non- 
energy resources, and also on biotic raw materials in material use. Energy resources 
were not included because their use was (and still is) the subject of comprehensive 
debate within the field of energy policy. The use of raw materials is connected with 
the use of other natural resources such as water, air, land and soil, biodiversity and 
ecosystems. However, since these resources are already covered by other 
programmes, processes or legislation, ProgRess does not address them in detail.

16 I am happy to note that the contract was awarded to a consortium of which VDI ZRE was a 
member. Access to the tool at: https://ec.europa.eu/growth/tools-databases/resat
17 The lead company in the consortium is the Brussels-based Technopolis Consulting Group 
Belgium.
18 In fact, we assume that we were the very first country whose government adopted a programme 
of this kind. The author welcomes any information to the contrary. Austria’s REAP, which is of 
great merit, was submitted a week before ProgRess, but it was a ministerial paper and was not 
presented to the Council of Ministers.
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ProgRess I gives an overview of the wealth of activities that were already in 
place in 2012 and describes numerous approaches and measures for increasing 
resource efficiency (about 170 according to an internal list). It covers the entire 
value chain. It is about securing a sustainable raw material supply, increasing 
resource efficiency in production processes, making consumption more resource- 
efficient, expanding resource-efficient closed cycle management and using cross- 
sectoral instruments (Fig. 13.1).

Following the cabinet decision of 29 February 2012 on the first German Resource 
Efficiency Programme ProgRess (BMUB 2015e), a substantial decision on it by the 
Bundestag on 8 March 2012 (Bundestag 2012) and a decision of the State Secretaries’ 
Committee for Sustainable Development of 8 October 2012 (BMUB 2012a, b), we 
have worked to implement the programme through a wealth of individual initia-
tives. There is not sufficient space to describe them in detail here, nor is it necessary 
because they can easily be found elsewhere: cabinet and Bundestag tasked us with 
reporting on progress in implementing the programme every 4 years and with updat-
ing it. The report and update document, ProgRess II, was adopted by the federal 
cabinet on 2 March 2016 (BMUB 2016a). And the Bundestag once again supported 
us in 2016, as it had in 2012, with a precise decision that injected many ideas and 
suggestions into our work (Bundestag 2016).

Structurally, our implementation work has worked out well. We have continually 
updated the activities of the resource efficiency network, which was established 
back in 2007 (NeRess 2016a). It now comprises 39 partner organisations (NeRess 
2016b). The local resource efficiency events, which are organised by the network, 

Fig. 13.1 ProgRess, 2012 
(Source: © BMUB)
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are very important. They are primarily addressed to small and medium enterprises 
(SMEs) and aim to persuade them to engage in resource efficiency initiatives. In 
recent years, we have been able to hold events of this kind in almost all the German 
Länder, often in collaboration with the local chambers of industry and commerce. 
Moreover, biannual public network conferences, which take place in Berlin in early 
June and early December and focus on different priorities, create a regular rhythm 
for the exchange of ideas and experience on resources.

The subject of the 16th network conference on 7 December 2015, for example, 
was resource efficiency’s contribution to mitigating climate change.19 At the 
same time, the global climate conference was taking place in Paris.20 The message of 
our conference was: unless we manage to significantly reduce our material usage 
and become significantly more efficient, it will be very difficult to mitigate climate 
change—because all material usage requires energy, and often the processes involved 
also release greenhouse gases. Raising levels of prosperity around the world—which 
is fully in line with the SDGs—while maintaining our current economic system will 
cause an explosion in demand for materials, which has severe implications for the 
environment. Tackling this issue is crucial in terms of climate policy and is also 
imperative for other environmental reasons—otherwise it is already possible to fore-
see that the planetary boundaries will be crossed (Wikipedia 2016).21

The VDI Centre for Resource Efficiency (VDI ZRE)22 has also developed 
positively and with steadily increasing influence. It was established in 2009 with a 
joint initiative by what was then the Federal Environment Ministry (BMU) and the 
Association of German Engineers (VDI) and is financed under BMUB’s National 
Climate Initiative.23 VDI, which runs the centre,24 is by far the largest association 
of engineers in Germany. It has approximately 130,000 members, many of whom 
are active in a voluntary capacity within VDI. This structure of voluntary coopera-
tion represents a potential that is often useful for VDI ZRE. The VDI Centre for 
Resource Efficiency offers a broad range of recommendations, work resources, 
training activities and information about examples of good practice and sector- 
specific studies that are directed at SMEs in particular. They enjoy a high degree of 
take-up among SMEs and multipliers. Since 2012, the Centre for Resource 
Efficiency has also housed the resource efficiency network’s offices.

We are delighted that the National Climate Initiative considers this to be a suc-
cessful and important project and has therefore extended VDI ZRE’s contract for the 
period from 1 June 2015 through 31 May 2019, following a Europe-wide tendering 
procedure.

19 http://www.neress.de/termine/termin/1513-16-netzwerkkonferenz-in-berlin.html?cHash=79357
ab25421cfa2fd1cf574f9fbf7b5&L=0 (in German)
20 COP21, the 21st Session of the Conference of the Parties to the 1992 United Nations Framework 
Convention on Climate Change.
21 This concept was developed by Johan Rockström et al. (Stockholm Resilience Centre) in 2009.
22 http://www.resource-germany.com/
23 http://www.bmub.bund.de/en/topics/climate-energy/climate-initiative/
24 VDI ZRE is a limited company (Gesellschaft mit beschränkter Haftung), owned by the VDI.
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And, on the subject of VDI: with its VDI Guidelines it also makes important 
contributions in the field of standardisation. It has been working in the field of 
standardisation in general since 1884 and has more recently made valuable con-
tributions in the field of resource efficiency. It successfully concluded its work on 
VDI Guideline 4800 Blatt 1 “Resource efficiency—Methodical principles and strat-
egies” in 2014 (VDI 2014), and its work on additional resource efficiency standards 
is making good progress (Fig. 13.2).

Germany’s Environment Agency (Umweltbundesamt, UBA) started to work 
on resource efficiency long before the ministry.25 It still plays an important role for 
us, putting forward many new ideas. All our research projects are supervised by 
UBA. UBA drafted ProgRess I and II (and will draft ProgRess III), and it has high 
public visibility. In 2013, it has set up a scientific Resources Commission, the KRU, 
at its headquarters (UBA 2016a). Among the UBA’s activities that are very important 

25 To be precise: as early as 1999. As a result, UBA presented a substantial report entitled 
“Grundsätze und konkrete Schritte einer stoffmengenorientierten Umweltpolitik” (not published) 
to BMU in May 2001 (UBA (2001a)), and in the same year published the comprehensive study 
“Nachhaltige Entwicklung in Deutschland” with an extensive chapter (VII) on natural resources; 
this book is not freely available on the internet; short version: http://www.apug.de/archiv/pdf/
uba_nachhaltige_entwicklung.pdf (in German), here p.18 ff UBA (2001b). And Harry Lehmann, 
co-editor of this book, was instrumental in getting UBA to organize its first “Natural Resources 
Day,” held in Berlin on 16 September 2009. Its slogan was “Factor X: Beyond Climate Change.” 
(UBA (2009)). https://sns.uba.de/chronik/de/concepts/t3e529bfc_12409c73a7a_-490b.html

Fig. 13.2 16th network conference, 7.12.2015, Neue Mälzerei Berlin; at the speaker’s podium Dr. 
Martin Vogt, CEO of VDI ZRE (Source: © VDI ZRE GmbH/Leo Seidel)
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for us are the large-scale events it stages regularly: along with many other diverse 
activities, UBA organised two “back to back” events in Berlin in 2012—the 
European Resources Forum (ERF) and the National Resources Forum (NRF),26 
repeating them on 10/11 November 2014 and 12 November 2014, again with very 
encouraging participant figures (ERF around 370, NRF 250) and above all with 
remarkable international interest: guests from over 40 countries. Here too the col-
laboration with VDI ZRE proved very valuable.

These large-scale events have become truly established with their fixed 2-year 
rhythm. In 2016 followed ERF 9–10 November27 and NRF 11 November.28 And 
they will be followed in 2018 by the 4th ERF on 27. -28.November (UBA 2016b) 
and the 4th NRF 29. November (UBA 2016c), both in Berlin. “Constant dripping 
wears away the stone,” as the German saying goes.

We have also continued to hold regular meetings with the Länder and their 
agencies, the most recent, the 14th instalment, taking place on 14 June 2016. Here 
there are signs that the collaboration is intensifying. The Conference of Federal and 
Länder Environment Ministers (UMK) already sent out a strong signal to that effect 
on 13 November 2015 (UMK 2015), and on 17 June 2016 it passed a decision 
prompted by Baden- Württemberg to set up a permanent Länder Working Group on 
Resource Efficiency the LAGRE (UMK 2016).

All 16 Länder had already made their own contributions to ProgRess I, which 
were documented in the Annex to the programme.29 Similarly, all the Länder 
described their work in ProgRess II. The activities in some Länder have experienced 
a huge upsurge in recent years. To mention just a few examples: the Effizienz- 
Agentur NRW30 has been advising small and medium-sized businesses on resource 
efficiency for 17 years now; EffNet Rheinland- Pfalz, which pays special attention 
to synergies with energy efficiency, celebrated its 10th anniversary on 28 November 
2015 and Baden- Württemberg staged its annual conference on resource effi-
ciency and circular economy for the fourth time on 5/6 October 2016—always an 
inspiring event with contributions by the state premier and several ministers and 
with ever increasing numbers of participants (in 2016 well over 700). Bavaria 
opened a resource efficiency centre (Ressourceneffizienz-Zentrum Bayern) 
headquartered in Augsburg on 23 October 2016 (Bayern 2016), and from 31 May 
through 2 June 2016 it carried out its 1st European Resources Conference during 
IFAT, a leading trade fair for the waste management sector. Hesse has been working 

26 On 12.-13.11.2012 (ERF) and on 14.11.2012 (NRF).
27 ERF: http://www.resourcesforum.eu/
28 NRF: http://www.ressourcenforum.de/ (in German)
29 When the cabinet decision was passed on 29.2.2012, no submissions had been received from 
Berlin and Brandenburg. However, this was quickly rectified as a result of parliamentary pressure 
from the Green party, part of the opposition in both Länder parliaments.
30 On efa: http://www.ressourceneffizienz.de/ressourceneffizienz/startpage-en.html (efa 2016). For 
the 15th anniversary on 11.12.2013: http://www.ressourceneffizienz.de/aktuelles-termine/detailan-
sicht-alle/news/detail/News/ressourceneffizienz-gestern-heute-und-morgen-1.html (in German) 
(efa 2013).
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on its own resource conservation strategy since the end of 2014 (Hessen). A lot is 
happening at the state level in Germany, but we would still like to help bring momen-
tum to those Länder that have been a little hesitant to date. Why should they not get 
bitten by the success bug too?

We have also developed lively collaboration with the local authority associa-
tions since 2015, which we intend to expand and develop to include further local 
initiatives. One of our principal ideas is to tap into local authorities’ business devel-
opment activities. We intend to explore and develop the options in a research proj-
ect, scheduled to be up and running by the time this book is published.

The National Resource Efficiency Platform (NaRess) is a relatively new 
addition to our structures (BMUB 2016b). Established on 17 September 2013, it 
was designed initially to facilitate ongoing collaboration between the different fed-
eral government departments and the most important business associations. In fact, 
the idea for the platform originated at a discussion with some of these associations 
at the Federal Ministry for Economic Affairs and Energy (BMWi), and was 
promptly taken up by the environment ministry (BMU). It was agreed that biannual 
working meetings would be held, with the option of additional meetings where 
necessary on particular topics or with higher-ranking/political representatives. 
Former informal meetings at BMU and BMWi were included in NaRess, and we 
consult closely with BMWi about the management of the platform. The coalition 
agreement of 27 November/16 December 2013 (Coalition 2013) tasked us to 
expand NaRess to include trade unions, environmental associations, and the con-
sumer association (Verbraucherzentrale). NaRess met for the first time with this 
new format on 17 March 2015. The local authority associations have also joined 
and, since the meeting on 27 September 2016, the Länder are also represented by 
two delegates from LAGRE.

Finally, the Round Table on Resource Efficiency in the Construction Sector 
should not go without mention. Launched on 3 April 2013  in what was then the 
Federal Ministry of Transport, Building and Urban Development (BMVBS), it is 
now continuing its work at BMUB. Associations and professionals from the build-
ing sector meet here twice a year to exchange ideas and experiences with actors 
from the ministries and government agencies that report to them. In the building 
sector, the Federal Institute for Research on Building, Urban Affairs and Spatial 
Development (BBSR) plays an important role. Questions concerning resource effi-
ciency are combined with sustainable building strategies. The most  fascinating 
question is how we can ensure that which is possible—technically and financially 
feasible—is actually put into practice. This is a persistent problem and it is not 
exclusive to the construction sector.

From the outset, we have seen education as playing an important role, because 
resource efficiency can only be achieved by changing people’s mindset. One major 
research project known as BilRess for short (from the German for Education for 
Resource Efficiency) comprises a number of precise modules addressed to all lev-
els of education from primary school through to adult further education. It culmi-
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nated in the establishment of a BilRess network on 16 September 2015.31 The third 
network conference was held in Berlin on 20 September 2016. We have also been 
able to house this network at VDI ZRE to ensure that it can continue to work in the 
long term after the original research project has been concluded.

After this—hopefully impressive yet admittedly incomplete—overview of our 
success in creating structures, the next question arises: where is progress being 
made in terms of content?

13.5  The Main Features of ProgRess II

The great milestone for us came on 2 March 2016 when the federal government 
passed the decision to continue and refine our Resource Efficiency Programme in 
the form of ProgRess II. This was preceded by a long phase of preparatory work, 
which was very important for the discussion on resource efficiency in Germany.

We received the first draft for ProgRess II from the Federal Environment Agency 
on 11 December 2014.32 After what seemed like a never-ending round of consulta-
tion within the ministry, we were finally able to pass on a “BMUB draft” to the other 
ministries on 11 August 2015 and, thankfully with their agreement, we were able to 
circulate it for comment to the Länder on 14 August and on 17 August to the public, 
industry associations, institutes and any other interested parties (BMUB 2015c). We 
set the deadline for feedback at 15 September, which in view of the summer holi-
days was not very long.

We had always believed it was extremely important to involve the public, espe-
cially industry associations, trade unions and environmental organisations. A total 
of 23 associations had already submitted contributions to the Annex to ProgRess 
I, in which they described their resource efficiency activities. The many years of 
preparatory work this represented were now paying off. The feedback we received 
surpassed our expectations: 66 comments from industry associations and institutes, 
ranging from BDI, the German Trade Union Confederation (Deutscher 
Gewerkschaftsbund, DGB) the Association of German Cities (Deutscher Städtetag), 
the Länder and a number of well-known and less well-known individuals. Almost 
all of them were comprehensive and substantial, and gave us a great deal to read and 
process.33 UBA also took its own position in the evolving discussion (UBA 2015).

In addition, back in the spring we had already launched something completely 
new (new for us, at least): an organised direct public participation procedure. We 
randomly selected about 50 people from the civil register at each of five locations 
throughout Germany and asked them to meet for a weekend and formulate their 

31 http://www.bilress.de/bilress-netzwerk.html (in German) (BilRess 2015)
32 Not published.
33 My thanks go to VDI ZRE, especially to Dr. Christof Oberender, for invaluable support here.
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expectations of our Resource Efficiency Programme. In parallel to this, we organ-
ised an online dialogue. Delegates of these “5+1” groups summarised their thoughts 
in a “citizens’ input paper”—which made for fascinating reading—and presented 
it to our environment minister on 6 November 2015 (BMUB 2015f). We incorpo-
rated the document in its unabridged form into the Annex to ProgRess II and have 
continued to keep it “on the table” as guidance for the debates that followed. We will 
once more review all the suggestions made in the “citizens’ input paper” during our 
preparatory work for ProgRess III.

The basic structure of ProgRess II is similar to ProgRess I—why reinvent the 
wheel? I would just like to highlight four new aspects.

13.5.1  Addressing Energy Resources More Precisely

We had intended to extend the programme’s scope to cover fossil energy resources—
an obvious need, to say the least, since in Germany they account for the largest 
volumes of imported resources in the form of oil, coal and gas (Fig. 13.3).34

34 Charts on this (and also on Sect. 13.5.2. below) can be found in my contribution in Thomé-
Kozmiensky/Goldmann (eds.): Recycling und Rohstoffe, vol. 4. Neuruppin 2011, p. 26. The fig-
ures have changed very little since then.
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Logically speaking, the biofuels have to be added to that and, of course, the 
“flowing” energy resources—water, wind and geothermal.

It must be said that our concern was in no way to redesign energy policy from 
the point of view of resource efficiency. We simply found it interesting to look at 
how Germany’s energy transition impacts resource consumption. And addition-
ally, energy resources are by no means used only for energy purposes; sometimes 
they are used for their material qualities. Our beloved plastic shopping bags, for 
example, are made from oil. Our primary concern is to identify the synergies 
between efforts to achieve energy efficiency and those to achieve resource effi-
ciency and prevent clashes between them. It is not amusing when the German 
government sends an energy advisor to a company in the morning and a resource 
advisor in the afternoon, especially if the two know nothing about each other. 
Slight irritation on the part of actors about such already existing dual structures 
and others that are still being set up is becoming increasingly widespread and is 
completely understandable.

But first and foremost, a concern of the industry associations, especially the con-
struction industry was that an “integrated” view should be taken: “We make thermal 
insulation, and in ProgRess you count the materials we use as a negative. But you 
dismiss the benefit—i.e., the energy resources saved as a result. That is simply not 
right!” And many other examples across all industries and their associations fol-
lowed. We at BMUB believed this view to be both logical and expedient, which is 
why we integrated it into our thinking.

The outcome of the interdepartmental consultations was that we were able to 
word our objectives in a far clearer and unequivocal way. In fact, the term “energy 
resources” is misleading because, as I explained above, these resources are by no 
means used only to produce energy. Consequently, we now speak of “fossil 
resources” that can be used for their energy or material value. Their use in pro-
ducing energy is the subject of energy policy, not ProgRess,35 whereas their use 
as materials is part of our core concern. And the outcome looks like this 
(Fig. 13.4).

A positive spin-off from the intensive discussion on this—especially with the 
Federal Ministry for Economic Affairs and Energy, which has lead responsibility for 
energy policy in Germany—was the agreement to work together “to achieve an 
integrated view of energy and material efficiency.” We included a new chapter (5.1.) 
on this in ProgRess II, and the German Energy Agency (dena) carried out a first 
workshop on the subject on behalf of BMWi on 27 June 2016.36

35 To be precise: it is only marginally the concern of ProgRess, for example, regarding efficiency 
when designing or building energy installations. But in that case, the sort of questions we look at 
could be equally useful with regard to wind turbines or coal-fired power stations.
36 http://www.dena.de/veranstaltungen/archiv/fachveranstaltung-rohstoff-und-energieeffizienz-
synergien-und-zielkonflikte-im-kontext-der-plattform-energieeffizienz-pfee.html (in German).
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13.5.2  The Building Industry Is One of the Top Priorities

In view of the fact that construction has been part of our ministry’s portfolio since 
December 2013,37 it is no surprise that all aspects of building have gained greater 
significance for our programme. It also makes complete objective sense because of 
all the resources produced domestically, building materials of all kinds absolutely 
dominate in terms of mass, which gives rise to serious problems. The focus on 
developing former East Germany following German reunification in 1990 meant 
that infrastructure in the West was to a certain extent neglected (although this had, 
in fact, begun earlier). The austerity policy of the last 15 years has caused further 
damage nationwide—a problem which now needs to be addressed. Since autumn 
2015, we have also been facing huge challenges to build additional housing to cope 
with the influx of refugees from the Middle East and North Africa. This means that 

37 The ministry changed its name to the “Federal Ministry for the Environment, Nature Conservation, 
Building and Nuclear Safety”. It acquired the building and urban development directorates-general 
from the former Federal Ministry of Transport, Building and Urban Development, and responsibil-
ity for renewable energy was transferred to the Federal Ministry for Economic Affairs and Energy 
(BMWi).
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judicious construction that uses resources intelligently and sustainably is the chal-
lenge of the moment. Fortunately, Germany has a storehouse of ideas in the field of 
sustainable building. It is now crucial that we actually put into practice all those 
things that we know about in theory—and this is by no means a trivial task. We—
especially our colleagues in the ministry’s construction department—will continue 
to tackle this challenge, with the help of the round table on resource efficiency in the 
construction sector mentioned above.

13.5.3  Focus on Information and Communication 
Technologies

A new feature is that we have included a separate chapter on resource efficiency in 
and because of ICT. Here there are a number of major and minor questions that the 
ICT industry needs to address, ranging from the significant levels of energy con-
sumed by computing centres to replaceable mobile phone batteries, but also the 
question of how ICT can improve efficiency in other industries, and the (likewise 
significant) problems connected with that. These are the gripping and important 
questions that affect our future and which BMUB, like BMU before it, has already 
worked on in a very focused way, including with the industry association BITCOM, 
for example,38 and which we intend to devote a great deal of energy to in the years 
to come. This will be a priority topic at our network conference on 5 June 2017.39

13.5.4  New Indicators and Targets for 2030

Since adopting its national sustainable development strategy in 2002, Germany can 
boast to have three resource efficiency targets: increase energy efficiency, increase 
renewables’ share in the energy mix (both applying to the energy sector), and finally 
“our” target: double resource productivity by 2020 compared with 1994. Resource 
productivity is the ratio of gross domestic product to (abiotic) raw material con-
sumption (the unit of measurement is therefore €/t).

We feel it is very important to set quantitative targets because they necessitate 
annual explanatory reports, and also because issues that have quantitative targets 
attract far greater attention in the political public sphere. We are delighted and 
encouraged by the fact that our national sustainable development strategy and its 

38 This includes several annual conferences, which BMU carried out with BITCOM since 2007. 
They were organised by our product policy division (G I 4). http://www.bmub.bund.de/themen/
wirtschaft-produkte-ressourcen/produkte-und-umwelt/produktbereiche/green-it/bmuubabitkom-
jahrestag/ (in German).
39 This was the planning status at the time of going to press. Updates (in German) are available at: 
www.neress.de.
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targets have been included and explicitly reaffirmed in every coalition agreement 
since 2002, when the strategy was passed.

However, “our” resource productivity target and its indicator have continually 
been the subject of lively criticism since they were adopted in 2002. Two lines of 
criticism appear justified from an environmental point of view.

Environmental associations claim that the indicator permits an even greater 
increase in our per-capita raw material consumption, which by global compari-
son is already exorbitant, provided we further increase our economic output, mea-
sured in terms of gross domestic product, which itself is not without problems. This 
cannot be right; we in Germany should demonstrate the fact that a highly developed, 
innovation-oriented industrialised country is able to “achieve more with less” and 
should export our experience appropriately.

Industry associations claim that it is very easy to improve the indicator by 
relocating our production abroad and only importing finished products. This is 
because domestically we count all the raw materials used along the value chain 
whereas for imported products we count only the weight of the finished goods when 
they cross the border—and there is a world of difference between the two calcula-
tions. That cannot possibly be right. Actually, in our opinion, shifting production 
abroad does not improve the global environment.

In response to these criticisms, the indicators chapter in BMUB’s draft of 
ProgRess II introduced two new indicators. To resource productivity we added 
total resource productivity,40 which was designed to ensure that shifting produc-
tion abroad no longer changes the calculations. This indicator also takes imports into 
consideration with the weight of their entire upstream chain, and it includes biotic 
raw materials. The second indicator is per-capita raw material consumption 
(RMC), which reflects only domestic resource consumption caused by our lifestyle 
and does not worsen if we produce more for the world market.41 So, as you can see, 
we cannot be accused of being anti-business; on the contrary, we believe that com-
mitment to the environment is crucial to a forward looking economic policy.

Unfortunately, we were not able to get the per-capita RMC indicator through the 
interdepartmental consultation process; the opposition of large sectors of German 
industry to an “absolute target” was simply too great. Nevertheless, RMC data 
are reported in ProgRess II.42 As a target for 2030—this is the time horizon for our 
ongoing work on updating the targets of the national sustainable development strat-
egy—the BMUB draft for both indicators called for “a continuation of the trends 
since 2000.” The federal cabinet in fact adopted this target for total resource produc-
tivity. In its resolution of 7 July 2016, the Bundestag translated this into a 30% 
increase from 2010 to 2030. According to new, revised figures from the federal 

40 Arithmetically it is (GDP + value of imports)/materials consumed, including upstream chains.
41 BMWi introduced this indicator into the discussion in Brussels back in January 2014 in a back-
ground paper that had not been subject to interdepartmental consultation (“Resource efficiency 
targets and indicators,” undated, not published). We remain grateful to them for this.
42 In Sect. 3.3 of ProgRess II.
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statistical office DeStatis, it even equates to a bit more than that.43 And, in view of 
the numerous achievements with respect to “low hanging fruits” we have already 
chalked up and the new challenges in the construction sector outlined above, we 
believe that to be quite ambitious.

13.6  Future Prospects and Insights

Ultimately, it would be legitimate to ask: is that really all we have to offer in terms 
of ideas? More specifically:

What about the relationship of the Resource Efficiency Programme to the debates 
in society in recent years about growth, qualitative growth and post growth econo-
mies, about efficiency, effectiveness, sufficiency, material prosperity and demate-
rialisation, or about rebound effects and how to deal with them? What about the 
term resources in the strictest sense and broader sense and how different natural 
resources interact with one another—after all, the European Commission has always 
taken a broad, integrated view of natural resources? What has the German govern-
ment learned from the tremendous study that the Bundestag’s Enquête Commission 
on Growth, Prosperity and Quality of Life submitted at the end of the last legislative 
period (Bundestag 2013)?

It is my personal opinion that we in Germany had to start by doing a vast amount 
of grounding homework on resource efficiency. It was about putting the issue on a 
sound basis, mainstreaming it in a number of fields of practice and among a range 
of very different groups of stakeholders and acquiring useful experience. We did 
that with great success and joy, and ProgRess II is another milestone along this path.

It would seem that the time is now ripe to tackle the fundamental issues I have 
outlined. Thus far, we were able to simply make use of windows of opportunity 
wherever and whenever they appeared and our own resources permitted, jubilant at 
their great diversity and with a deliberate degree of randomness. In the past that was 
the right thing to do, but we cannot continue in this way. It was valuable in getting 
started, instigating action and gaining experience, but it goes without saying that it 
is not an effective approach. We need an inner compass to provide orientation for 
our further work and help us develop criteria for setting priorities and defining con-
flicts. A well-structured fundamental debate could help us to do this over the next 
few years. We are preparing that kind of debate and introducing it as I write. In 
2017, we will systematically compile the experience gained by the different social 
stakeholders, try to identify obstacles, gaps and examples of success that we can 
build on, while at the same time refining our indicators and raft of instruments. We 
want the outcome to be reflected in Progress III, which the federal cabinet will 
adopt in February 2020. We are hoping to receive a wealth of ideas from external 

43 At the time of finishing this article, we are working on the basis of an annual augmentation of the 
indicator of 1.5658%, resulting in 36.4429% from 2010 to 2030. But these figures are still not 
stable; Destatis has already announced yet another revision of the data.
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sources as we work on this concept—particularly from the international arena. 
Readers of this book are very welcome to take this as a personal invitation.
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Chapter 14
Results of Three Cost-Effective, Innovative 
and Transferable Resource-Efficiency 
Instruments for Industries in the Basque 
Country

Ander Elgorriaga Kunze and Ignacio Quintana San Miguel

Abstract Driving resource efficiency in the industrial sector requires market and 
economic instruments that are flexible and easily accessible by companies. The 
Basque Country has used private-public partnership to develop three innovative 
instruments that generate an annual private turnover between €4 and €178 annually 
per public-sector euro spent, with a maximum dedication of 0.7 persons a year to 
manage each instrument. Driving product environmental innovation through the 
Basque Ecodesign Centre, reinforcing sustainable production with tax deduction for 
the Clean Technology List, and closing the loop by the Circular Economy 
Demonstration Projects Programme are critically analysed instruments to facilitate 
their total or partial replication in other countries or regions.

Keywords Circular economy • Ecodesign • Ihobe • Instrument • Cost effectiveness 
• Tax deduction • Clean technologies • Public private partnership • Basque country 
• Demostration • ISO 14006

14.1  Introduction

With a population of 2.17 million, the Basque Country is a region with a surface 
area of just 7234 km2. However, its industrial sector makes an important contribu-
tion to the regional GDP of 23.5%, its productivity per worker is 30% higher than 
the European average, and the per capita income in the Basque Country is 30,459 €/
year (Spri 2016). One aspect of the Basque Country that differentiates it from other 
regions is its power to collect the majority of taxes paid by citizens and to establish 
its own fiscal policy, a fact that bestows it with a high degree of self-government.
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The environmental problems stemming from the Basque Country’s highly indus-
trialised and polluting past led to remedial environmental policies. These started  
to be seen as an opportunity from the turn of the new century onwards, with the 
Basque Environmental Strategy for Sustainable Development 2002–2020 (Basque 
Government 2014).

Ihobe, the environmental management agency of the Basque Government’s 
Ministry of the Environment, Territorial Planning and Housing, was tasked with the 
design and deployment of instruments and innovative lines of action at operational 
level to convert sustainability into an opportunity, using a Life Cycle Thinking 
approach. Establishing such objectives required innovation regarding the “how” to 
adapt to the constant changes of the environment (legislation, corporate crises, etc.) 
and the internal changes (new guidelines, availability of human and economic 
resources). On the one hand, that means that the cost-effectiveness of the public 
action needs to be increased, which has involved innovating by means of a smooth 
development and deployment of instruments designed, in general, after a benchmark-
ing process. On the other hand, excellent management is required in this publicly- 
owned company to achieve the objectives thanks to a high performance team.1

We have selected three public instruments that, using the life cycle approach, 
seek to accelerate environmental improvements in companies, specifically regard-
ing the product design, production and end-of-life phases.

The three selected instruments have been operational for between 3 and 13 years, 
and have produced results and lessons learnt that increase the transfer potential to 
other interested European countries and regions.2

14.2  Life Cycle Thinking Implementation and the Basque 
Ecodesign Centre

14.2.1  Background

Drawing on Ihobe’s systematic collaboration with the “European Roundtable on 
Sustainable Consumption and Production”, an innovative ecodesign project emerged 
in 1998 in conjunction with Delft Technical University (The Netherlands). The aim 
was to ecodesign products in four Basque industrial companies, generate a method 
adapted for Basque SMEs and create an ecosystem where ecodesign could take shape. 

1 Ihobe obtained ISO 9001 certification 2000, followed by ISO 14001 in 2003, European Foundation 
Quality Model (EFQM) external assessment with over 400 points in 2005 and 2011, UNE 166.002 
integral management of innovation certification and UNE 166006 Technology Watch certification 
in 2010 and the EMAS certificate in 2016.
2 Taking into account the “CCC- Content and Critical Conditions” tool (Ecopol and Landes Energie 
Verein Steiermark 2014), developed as part of the European Pro-Inno Ecopol (Ecopol 2014) proj-
ect in order to transfer successful ecoinnovation instruments from one European country or region 
to another. A simplified transferability analysis was performed for each of the experiences speci-
fied below (Table X.4).
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The initial success of the release of an Ecodesign Guide (Ihobe 2000) with the four 
eco-designing companies was eclipsed by a lack of demand for ecodesign products on 
the market. This prompted the rethinking of public action (Jönbrink and Melin 2008), 
leading to two responses: creating a talent pool of eco-design engineers, and establish-
ing a standard that rigorously recognises eco-designing companies on the market.

The first response was the creation of the Ecodesign Learning Centre in 2001 
(Basque Country University et al. 2013), with the aim of providing constant mentor-
ing and intensive training to engineers would then work on an ecodesign project in 
company as part of their thesis. Building on the accumulated experience from this 
initiative, the second response consisted of starting the development of a Spanish 
Ecodesign Management Standard by AENOR,3 a process that ended with the 
approval of UNE 150.301 in 2003 (Aenor and Ihobe 2010).

The preliminary work in those two cases led to the launch of the “Ecodesign 
Promotion Programme” (Ihobe 2004) at the end of 2004, which established support 
services for Basque SMEs4 in industrial sectors with the greatest potential for their 
application, such as electric-electronics, machinery, automotive, packaging, furni-
ture, chemicals and construction materials. Those services were based on the 
AIDA+R strategic marketing scheme,5 transferred to Ihobe by the Envirowise 
Programme (Defra 2011) and which subsequently became part of the British Wrap 
Programme, which allows the progress of the environmental commitment of com-
panies to be managed and measured in time.

However, apart from internal benefits and material savings, support for compa-
nies offering ecodesign did not result in differentiation on the market leading to 
greater sales.

The implementation of the Programme coincided with the approval of the 
European Union’s Ecodesign Directive (EuP, now ErP) in July 2005, which led to 
significant demand for information and support from the electric, household appli-
ance and capital goods sectors of the Basque Country. In response to the request 
from companies, Ihobe started developing numerous methodological guides to 
facilitate the implementation of ecodesign.

The arrival of the economic crisis in 2010 shifted the corporate world’s priority 
onto the survival of short-term businesses, which meant that industries focused 
nearly exclusively on meeting the short-term requirements of their customers.  

3 Spanish Normalization Association, integrated in European Normalization Committe (CEN).
4 Small and medium enterprises.
5 The AIDA+R scheme supports companies with standardised services aimed at creating Awareness 
(A), Interest (I), Demand (D) and Action (A), together with Recognition (R) of the work well done. 
The first Ecodesign Promotion Programme (Ihobe 2004) launched at the end of 2004 established a 
public catalogue of services to support ecodesign. General information through business channels 
for Awareness (A), an Ihobe-Line and different technical symposiums and conferences to respond 
to the Interest (I), detailed training and a in-factory technical visit to deploy the Demand (D) and 
both grants for ecodesign project and grants to implement the certifiable UNE 150.301 ecodesign 
management standard (now ISO 14.006), along with in factory projects by young engineers from 
the Ecodesign Learning Centre to drive Action (A). The cost of all these services, except for a 
small part of the action services, was assumed by the Basque Government through Ihobe.
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In this context, where public coffers saw a drop in revenue, leading to a cut in the 
public services provided by Ihobe, the experiences existing in public-private part-
nerships as regards ecodesign worldwide were analysed in detail. This implied con-
ducting in-depth benchmarking and a subsequent agreement with the Swedish Life 
Cycle Center (Palander and Wikström 2015). In November 2011, the Basque 
Ecodesign Center was launched. It is a public-private partnership involving Ihobe 
and multinational Basque companies and is thus a further commitment to Green 
Supply Chain Management from a product approach.

14.2.2  Description of the Instrument

The Basque Ecodesign Center is an organisation based in the Basque Country and 
structured pursuant to a partnership framework between firms in the private sector 
and the Basque Government. It aims to foster the design and execution of innovative 
ecodesign projects.

The Basque Ecodesign Center currently consists of Ihobe, Spri (the Business 
Development Agency of the Basque Country) and nine large companies: CIE 
Automotive, EDP Eroski, Euskaltel, Gamesa, Iberdrola, Ormazabal, Orona and 
Vicinay Sestao. With a total annual turnover of €36 billion, they employ 60,000 
employees and have over 10,300 suppliers, 16% of whom are in the Basque Country. 
The clusters of the main value chains of the Basque Country (automotive, aeronau-
tics, railway, maritime, machine tool, energy, environment, habitat and logistics) 
have recently joined this Center as associated partners to reinforce knowledge trans-
fer to other SMEs.

The objectives of the Basque Ecodesign Center are to strengthen the competi-
tiveness of the participating firms in the acquisition and application of cutting-edge 
ecodesign-related knowledge, to stimulate product eco-innovation through partner-
ships between companies, the Basque University and the top knowledge centres in 
the world and, most importantly, to ensure that the environmental factor is fully 
integrated into the supply chains of the participating firms.

The main activities of the centre (Fig. 14.1) are aimed at developing individual 
and collaborative technical ecodesign projects, supporting business competitiveness 
from the environment through new business models, training and building skills to 
improve technical expertise and supporting the SMEs of the Basque Country in 
ecodesign implementation.

14.2.3  Results

The commitment to ecodesign is long-term and the results analysis should therefore 
not only include the last 5 years of activity of the Basque Ecodesign Centre, with 
spending of €2.2 million, but also the related measures implemented since 2000, 
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with spending by Ihobe totalling €5.5 million and average dedication of 0.7 people 
a year from Ihobe.

The overall results, presented in the report “15 Years of Product Environmental 
Innovation” (Ihobe 2014a), show that 156 Basque companies are eco-designing 
their products. A survey of these companies has shown that ecodesign products have 
generated €952 million in sales, and a detailed review of that survey is being carried 
out for early 2017. Forty-six per cent of these companies have found their ecodesign 
products to be profitable, having half of them a higher profit margin. The ecodesign 
of these energy-consuming companies have cut the generation of greenhouse gases 
by 11% in their life cycle (Pole Eco-Conception, Institut de Développement de 
Produits 2014).

Those results can be attributed to Ihobe’s support of the creation of the UNE 
150.301 ecodesign management standard which led to ISO 14.006 (Aenor and 
Ihobe 2010; Arana-Landina and Heras-Saizarbitoria 2011), thanks to the investment 
in skills-building through in-company projects for 100 undergraduates and gradu-
ates (Basque Country University et al. 2013) and to the development of 20 method-
ological guides to facilitate the deployment in the company of product environmental 
innovation.

Fig. 14.1 Main lines of action of the Basque Ecodesign Center (Source: Basque Ecodesign Center 
2016)
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The positioning of Basque companies on the global market in terms of ecodesign 
is advanced. Forty-seven per cent of ISO 14.006 certificates in Spain for ecodesign 
management systems are held by 100 Basque companies and 6% of all Environmental 
Product Declarations of the Global EDP System worldwide are from 22 Basque 
companies (Ihobe 2015). Furthermore, 40% of Basque industries declare that they 
have made product environmental improvements in the last 3 years and 50% fore-
cast that product environmental innovation will be more important on the market 
(Ihobe 2011).

The initial results obtained in the last 5 years6 can be summarised, on the one 
hand, as 31 ecodesign and/or life cycle assessment projects being conducted by the 
companies of the Basque Ecodesign Center, the majority of which involved compa-
nies of the value chain that make up the Life Cycle Thinking of their businesses.

On the other hand, there is the development of 21 innovative methodologies 
related to ecodesign, which have been piloted with the Center’s companies and then 
disseminated to the value chains to lay the foundations for their launch in the near 
future. Special mention should be made of methodologies produced in the areas of 
Life Cycle Costing (Basque Ecodesign Center 2017b), Green Supply Chain 
Management (Basque Ecodesign Center 2014), Strategic Environmental Monitoring 
(Ihobe 2016c) or Servitization (Basque Ecodesign Center 2017a). The Competitive 
Environmental Monitoring reports prepared in different value chains, such as aero-
nautics (Hegan), automotive (Acicae), railways (Mafex), shipping (Maritime 
Forum), habitat (Habic) and machine tools (Afm), together with a Strategic 
Environmental Monitoring annual report for each of the companies of the Basque 
Ecodesign Center, create demand for new ecodesign projects and policies in the 
business sector.

The coordination of the ecodesign research and training activities through a new 
structure – the Basque Ecodesign Hub which involves the three Basque universi-
ties – is another of the results. Another important outcome was the participation of 
members of the Basque Ecodesign Center in multiple international working parties, 
such as the European Commission’s Product Environmental Footprint pilot project, 
and the dissemination of Life Cycle Thinking at numerous conferences and sympo-
siums held in the Basque Country, Spain, Europe and South America.

14.2.3.1  Lessons Learnt

Seventeen years of public work on ecodesign in the Basque Country has generated 
valuable lessons which can be summarised in five points.

First, opting for ecodesign is very cost-effective, with a return of close to €180 a 
year per euro of public expenditure in long-term private-public partnerships, accord-
ing to currently available figures. The strategic nature of ecodesign requires consis-
tency in time with clear messages and support tools, because it affects the core of 
business activity and due to the complexity of the knowledge involved.

6 See Activity Report 2012–2015, Basque Ecodesign Center 2016.
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Second, ecodesign has been focused in companies with greater potential for 
competitive and environmental improvement.

Third, the Basque Ecodesign Center has proven to be an effective private-public 
instrument of Green Supply Chain Management that uses its projects and the impe-
tus of the Environmental Product Declarations in Europe to accelerate supplier 
drivers.

Fourth, the commitment to Strategic Environmental Monitoring is being consoli-
dated. Assessing competitors, customers and future legislation allows companies to 
opt for ecodesign, plan ahead and be better positioned on the global market.

Fifth and finally, legislation and standardisation offer three driving forces with 
great potential that must be used intelligently. There is the European impetus of the 
Ecodesign Directive (ErP) reinforcing the durability aspects of the products by 
means of a prior standardisation process (Cen-Cenelec 2016) and reinforcing the 
inspection and control in Member States, while waiting for the allocation of suffi-
cient resources to do so by the European Commission (Coolproducts 2013). Another 
driving force is the requirement of the new ISO 14001:2015 to integrate Life Cycle 
Thinking in the company. Finally, the development and piloting in Europe of the 
Product Environmental Footprint that, given the consensus with stakeholders, 
should foreseeably accelerate the presence of environmental products declarations 
rigorously comparable throughout Europe on the B2C and even B2B markets 
(European Commission 2016).

14.3  Best Available Techniques and Tax Deductions 
for the Clean Technology List

14.3.1  Background and Benchmarking

The Autonomous Community of the Basque Country and the Chartered Community 
of Navarra are the regions of Spain with the greatest tax powers, regulated by an 
agreement rooted in the Spanish Constitution and known as the Economic 
Agreement.

In the 1990s, the Basque Country established a system of corporation tax deduc-
tions of 15% for environmental investments by companies, in which case rigorous 
technical applications must be submitted. After an exchange with the Dutch 
Government, Ihobe decided in 2003 to embark on a project to adapt the MIA- 
VAMIL7 system to the Basque Country. The simplified tax deduction system based 
on the Basque Clean Technology List (BCTL) with a deduction of 30% was intro-
duced in 2004.

7 MIA-VAMIL is the Dutch Government’s fiscal instrument to foster material efficiency in compa-
nies using a standardized yearly updated innovative clean technologies list. MIA is the Enhanced 
Capital Allowance Scheme and VAMIL is the tax deductions instrument.
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During a subsequent benchmarking process, conducted with the Government of 
Flanders, the latter’s Ecologie Premium subsidy instrument was analysed. This 
instrument was likewise based on a better methodologically developed list of 
standardized best available technologies, which had been endorsed and approved by 
the European Commission, thus leading to an improvement of the Basque Clean 
Technology List.

14.3.2  Description of the Instrument

The Basque Clean Technology List (BCTL) consists of a list of industrial equip-
ment developed and available on the market, with a low degree of implementation 
in the production sectors of the Basque Country and whose application is more 
efficient than the technologies conventionally used for that same purpose (Spri et al. 
2016). It incorporates technologies that contribute to the mainly preventive objec-
tives of the innovation, competitiveness, energy and environmental policy, with high 
application potential and direct impact on decreasing the consumption of resources 
and emissions. This instrument is managed by Ihobe, in coordination with the 
energy and competitiveness agencies (Spri and Eve) of the Ministry of Economic 
Development and Infrastructures, and with the Ministry of the Treasury and 
Economy of the Basque Government. The application of these technologies is 
aimed at enhancing the competitiveness of a large number of industrial SMEs that 
obtain tax deductions for investing in production equipment that is more efficient, 
less polluting and/or uses fewer energy and material resources.

In 2016, the BCTL includes 92 types of equipment. These include 32 renewable 
and energy efficient ones (e.g. a frequency inverter, a high performance heat pump 
and a geothermic heat pump), 26 aimed at preventing and reducing air emissions 
(e.g. a particle filter), 12 water-related technologies (e.g. the membrane bioreactor), 
11 to minimise waste (e.g. grinding filter), and the 10 material efficiency ones, such 
as the minimal quantity lubrification (MQL) or the automatic mixing equipment.

The BCTL is reviewed every 3–4 years; new technologies are added, based on 
preliminary prospective studies, and others are removed if they fail to met the crite-
ria. The selected equipment must be accessible, that is, available on the market, 
must be innovative or have a low degree of implementation on the market, and it 
must be environmentally better than the State of the Art and what is required by 
environmental legislation.

The tax incentives for the Basque Clean Technology List is in keeping with what 
is established in Commission Regulation (EU) number 1407/2013, on the 
Application of Articles 107 and 108 of the Treaty on the Functioning of the European 
Union to de minimis aid.8

8 A programme run under European Unions “Minimis” scheme has a limit of €200,000 per com-
pany summing all different aids of this kind during 3 years time. This simplified scheme is used de 
facto to support SMEs.
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The main advantage of the Basque Clean Technology List is its simplicity and 
agility as this tax deduction is applied automatically in the annual corporation tax 
return, along with the extent of the tax deduction which is 30% of the corporation 
tax payable.

14.3.3  Results and Lesson Learnt

Based on currently available data, there is an estimated incentive effect of €4 from 
the private sector for each tax deduction euro. The costs of managing, controlling, 
updating and assessing the instrument stand at 0.3% of the total of tax deductions 
implemented. The applications approved annually stand at under 60 equipments.

The BCTL results gain more importance when compared with other similar sys-
tems in the European Union. After a detailed analysis of simplified tax instruments 
for companies based on standard equipment lists by Ihobe, benchmarking sessions 
were organised (Ecorys and Ihobe 2014) with representatives of the Dutch 
Government’s MIA/VAMIL instrument (Mure 2012; Netherlands Enterprise 
Agency 2013), of the British Government’s Energy Efficiency Technology List 
(Carbon Trust 2014; Department for Business, Energy and Industrial Strategy 2016) 
and with the managers of the Government of Flander’s Ecologie Premium instru-
ment (Flanders Entrepreneurship and Innovation 2016).

The main conclusions (see Table 14.1) were, first, that tax instruments are politi-
cally more stable, tenable and in keeping with the guidelines of the European 
Commission than direct aid or subsidies (Kosonen and Nicodème 2009). Second, it 
can be seen that the economic instruments based on standardised equipment and 
technology lists are adequate to drive tax deductions in a high number of SMEs due 

Table 14.1 Comparative information based on 2013 data of each instrument

Country/region Netherlands
United 
Kingdom Flanders Basque country

Instrument MIA/Vamil
ETL energy 
tech list

Ecologie 
premium

LVTL clean 
tech list

Kind of instrument Tax deduction/ECA ECA Subsidy Tax deduction
Maximal yearly 
budget (MM €)

131 100 41 8

Direct revenue 1:12 1:14* 1:9* 1:4
Available since… 1995/2000 2001 2004 2004
Management costs  
(% budget)

1.3 1.2 1.3 0.3

Equipments and 
actives (n°)

304 55 171 92

Approved demands 
(n°/y)

10.000 8.000* 720 57

Source: Ecorys and Ihobe (2014)
Notice (*): estimative data
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to their simplicity and agility. The aforementioned four instruments have jointly 
incentivised investment to a total of EUR 3,372 million a year for nearly 18,000 
equipment units (Ecorys and Ihobe 2014).

Third, the incentive effect of this economic instrument stands, as the average 
result of the four instruments, at EUR 12.7 invested by the private sector for each 
tax deduction euro deducted. Four, it seems more effective to drive tax deductions 
for a smaller number of technologies. Thus, the British list with just 55 technologies 
achieves on average 145 deductions for technology per year, which is much higher 
than that of the Basque list. This is due to a great extent to a verification system that 
offers high legal certainty to companies and excellent promotion of the instrument.

The fifth conclusion was that success can be maximized by an ongoing collabo-
ration of the developers and managers of the instrument with equipment manufac-
turers, distributors, potential users, business associations, financial entities and 
government departments.

The sixth and last lesson learnt was that those lists are key instruments to contrib-
ute to implement sectoral policies of the government. It is therefore essential to 
improve the alignment of objectives and measurement indicators. A clear example 
of this is the contribution of the list-based deductions to the British efficient lighting 
strategy (Lighting Industry Association 2014).

14.4  Closing Cycles by Circular Economy Demonstration 
Projects

14.4.1  Introduction

The Basque Country squanders 5.5 million tons of waste yearly, which means a loss 
of 8.6% of total material consumption. Non-hazardous waste, in general industrial, 
head this ranking with 58%, followed by municipal solid waste (20%), construction 
and demolition waste (16%) and hazardous waste (6%).

Ihobe conducted a study to establish the value of the materials contained in the 
waste sent to landfills (Ihobe 2016b). This was quantified at €44 million a year 
(Fig. 14.2), even though that does not presuppose a return under current conditions. 
Dumped secondary plastics with a potential value of €12 million per year head the 
list, followed by ferrous metals and sludge worth €7 million per year.

On the other hand, there is an indicative potential of economic savings in Europe 
of €633 billion in short life-cycle consumer products, such as packaged food, and a 
further €564 billion in medium-long life-cycle products, such as household appli-
ances (Ellen MacArthur Foundation 2015). The European Commission estimates 
that product remanufacturing may generate between an additional €40 and €70 
billion a year in turnover in Europe and create between 260,000 and 410,000 new 
jobs by 2030 (European Remanufacturing Network 2016). The Dutch Government 
calculated the additional business potential of the Circular Economy for products 
and technical materials containing metals to stand at €570 million a year and that it 
could generate up to 54,000 new jobs (Bastein et al. 2013).
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There are numerous circular economy technical alternatives developed in the 
European Union and in the Basque Country through R&D&I9 projects. However, 
these solutions are not frequently available on the market due to multiple barriers 
that, in a simplified way, are known as the “valley of death”.

14.4.2  Description of the Instrument

The fundamental objective of the “Circular Economy Demonstration Projects” call 
for grants is, similarly to the R+Impuls Programme (BMBF 2016), to facilitate 
new solutions on the market, which contribute to the circular economy goals of 
the Basque Country (Basque Government 2015), by conducting pre-industrial or 
industrial tests that confirm the environmental-economic-technical feasibility of 
innovative alternative to recover secondary materials, the manufacturing of products 
with high secondary material contents or to recover components and equipment.

9 Research and development and innovation.
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Fig. 14.2 Economic value (M€) and environmental impact (LCA approach: Mpoints according to 
Recipe/EcoInvent) of the materials contained in different waste streams to the landfill. The size of 
the balls reflects the environmental impact.(Source: Ihobe 2016b)
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The annual Demonstration Projects call for grants, piloted previously (Ihobe 
2014b) and co-funded by the European Union through ERDF,10 defines technical 
priorities according to environmental policies and the opportunities of new more 
circular markets, conducts projects on a short timeline (approx. 9–12 months) lead 
by a company that would exploit the new solution, finances projects with maximum 
grants of €25,000 per project, and provides technical mentoring by the Basque 
Government’s Ministry of the Environment during the project.

Even though the project evaluation was performed in two stages, a major advan-
tage of this call has been the short deadlines to approve submitted projects 
(Table 14.2).

In general, the selected projects (Fig. 14.3) tend to have a good degree of trans-
ferability to the rest of the industrial fabric (75%), intense inter-company coopera-
tion, an important degree of proximity to the market with 86% of projects with a 
6–8 baseline TRL11 and public partnership needed, beyond funding, for the demon-
strated solution to be established on the market.

Among the 36 projects implemented particularly in the case of those focused on 
the metal, construction, automotive, electric-electronic, plastic transformation, 
fashion & textile and paper sectors, special mention should be made of the follow-
ing projects because of their high environmental performance and their relevant 
circular business opportunity: “Recovery of Zinc-Lead Oxides and Metallic Iron 
from Common Steel Mill Dust by means of a New Blast Furnace Concept”, 
“Development of the Recycling and Recovery Model for Photovoltaic Solar 
Modules”, “Reuse of Seats from End-of-Life Vehicles in the Furniture Sector”, 
“Concrete Prefabs Produced Using Stainless or High Alloy Steel Aggregates”, 
“Selective Production of Secondary Hydrate Aluminium Oxides to Develop New 
Functional Loads for Rubber Formulations” and “Recovery of the Sludge of the 
Paper Industry as Absorbent Material”.

10 European Regional Development Fund.
11 Technology Readiness Level is a method used to estimate technology maturity. TRL 9 means 
high maturity, that is “actual system proven in operational environment” and TRL 1 low means 
“basic principles observed.”

Table 14.2 Managing timeline and results of the call, participation in the annual calls and public 
funding for supported projects

Concept 2014 2015 2016 Total

Call full process period (days) 75 64 79 73
Call decision period (days) 20 26 27 24
Company overall satisfaction (0–10, max 
10)

7.9 8.5 8.2 8.3

Preliminary ideas submitted (no.) 25 39 74 138
Projects submitted (no.) 11 19 39 69
Projects awarded and supported (no.) 5 12 19 36
Public grants (€) 100,000 188,000 429,750 717,500

Source: Ihobe (2016a)
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14.4.3  Results

Ihobe has quantified the success of the concluded projects based on estimates of 
economic, social and environmental results carried out by the companies supported 
by the ‘Circular Economy Demonstrative Projects’ calls in the Basque Country 
between 2014 and 2016. The sample included up to 17 projects from a total of 36 
that had finished by the end of 2016 (Ihobe 2016a). The preliminary results showed 
that the real market availability of the new circular business solutions would be 40% 
for the developed materials and/or products. Thus, if we extrapolate the former data 
to all the projects developed in the calls, we could estimate the potential results for 
a public budget that accounted for 0.7 million €. On average, each 100,000€ of pub-
lic funding awarded resulted in 2 million € business turnover, 8.7 jobs and 15.3 ton/
year of saved materials (Fig. 14.4). Hence, each public euro spent would lead to 
21€/year of private turnover.

14.4.4  Lessons Learnt

Three years of managing this instrument leads to several conclusions, the first being 
that 56% of the demonstration projects require a high private-public partnership to 
achieve their leap to the market, with companies particularly appreciating the 
streamlining of environmental formalities.

0 10 20 30 40 50 60 70

Relevance of Public Role

Degree of Innovation (TRL)

Collaboration in Value Chain

Transferability to Basque Industry

Characterization of Demostration Projects 
2014-2016   (as %)

Bajo Medio Alto

Fig. 14.3 Characterisation of the “36 Circular Economy Demonstration Projects” according to the 
degree of transferability to other Basque industries, to the collaboration existing in the value chain, 
to the degree of innovation and to the relevance of the public sector role to accelerate the avail-
ability of the solution on the market (Source: Ihobe 2016a)
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Second, and given the limited timeline and budgets, 47% of projects need addi-
tional subsequent developments. Third, 61% of the projects interact with other value 
chains, which explains the difficultly to develop new solutions.

Fourth and finally, it was observed that recovering products and components 
generates greater value added than recovering of materials alone. The first demon-
stration projects underway to reuse and remanufacture components and products 
expect to charge between 1,500 and 10,000 €/ton and to create 30 jobs per thousand 
tons, while some key projects involving recycling materials aimed at the metal or 
construction value chain are under 10 €/ton and generate three hundredfold fewer 
jobs.

After 3 years of using this instrument, a new benchmarking process with similar 
European programmes (Ovam 2012; Hirschnitz-Garbers et al. 2015; BMBF 2016) 
is one of the actions indicated to detect new opportunities to increase the cost- 
effectiveness of the “Circular Economy Demonstration Project” funding of the 
Basque Country.

14.5  Final Conclusions

The analysis performed by the three eco-innovative instruments of the Basque 
Country allow us to reach the following conclusions:

 – The relevance of private-public partnerships and economic instruments as trig-
gers of change. The market instruments aimed at triggering demand, along with 
those aimed at supporting supply, are very flexible and offer a high return, even 
more so if they are always combined with legislative instruments (the so-called 
“policy mix”) in the framework of a clearly results-aimed environmental 
strategy.

 – The cost-effectiveness of the three instruments considered is high. Each public 
euro spent generates between €4 and €178 a year in private turnover or invest-
ment, depending on the instrument and with due caution relating to the quality of 
the data (Table 14.3). This figure is even more relevant if the few human resources 
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Fig. 14.4 Forecast results of turnover, jobs and materials savings for each €100,000 of public 
money spent for the 36 circular economy demonstration projects at 3 years after completion. The 
success factor of the projects has been established at 40% (Source: Ihobe 2016a)
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available to design, drive and manage the instruments that on average vary 
between 0.3 and 0.7 persons a year are taken into account.

 – The transferability of those three instruments is average-high. Even though all 
the instruments are well standardised in terms of their transference (Table 14.4), 
there are differences regarding their cost-effectiveness, in the simplicity of the 
operational management of the instrument by an operational unit, in the likeli-
hood of similar framework conditions existing in other countries and regions, 
and in the simplicity of a favourable policy decision. The replication potential of 
the Grants for Circular Economy Demonstration Projects is high, but the impetus 
to ecodesign through a Green Supply Chain Management instrument such as the 
Basque Ecodesign Centre is average, particularly due to its complex operational 
management. The implementation of a simplified tax deduction system based on 
a Clean Technology List comes up against the limitation of tax powers in the 
majority of European regions and the ensuing complexity of policy decisions 
nationwide.

Instrument

considered
Ecodesign:
Basque 

Ecodesign 

Center

Production: Basque 

Clean Technology 

List (BCTL)

End of Life:
Circular Economy 

Demonstration 

Projects

Public spending
effect generated (€ per €/y)

178 4 21

Investment generated

(M €/y)

952 10 17,4

Public spending

(average M €/y)

0.4 2.5* 0.24

Minimum / maximum

spending in x years

(M €/y)

0.1-1.3 

(x:17)

0.5-3 (x: 10) 0.1-0.4 (x:3)

People year 0.7 0,3 0.4

Table 14.3 Preliminary cost-effectiveness assessment of the three instruments considered

Source: Ihobe
Key: low data quality in red, average in orange and high in green

Instrument

Considered / 

Transfer Criteria

Ecodesign:
Basque 

Ecodesign 

Center

Production: Basque 

Clean Technology 

List (BCTL)

End of Life:
Circular Economy 

Demonstration 

Projects

Standardisation available

Similar framework 

conditions

Cost-Effectiveness

Streamlined management

Policy decision ease

Table 14.4 Indicative assessment of the transferability of the instruments considered

Source: Ihobe
Key: dark, high; light, low
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 – Collaborative, flexible and advanced public management enables a flexible 
design, effective implementation and constant improvement of the instruments. 
The rapid adaptation and response capacity to changes to meet certain objectives 
with limited resources requires a good strategy, a focus on the needs of the com-
panies, streamlined coordination between different government departments, a 
commitment to innovation as part of a technology watch and constant bench-
marking, and appropriate management of people and equipment enable effective 
responses adapted to resources and environments that are constantly changing.

 – Life Cycle Thinking linked to the increase of business competitiveness must be 
present in the design, development and assessment of all market and economic 
instruments. This facilitates the focus on more limited spheres of action and pri-
ority value chains, which are the ones that most contribute to business competi-
tiveness and environmental results.

Lessons learned from 20 years of experience supporting material efficiency for 
businesses in the Basque Country at a regional level suggest that future work should 
focus on building stronger international collaboration and identifying circular econ-
omy opportunity niches. We strongly believe that once the strategy for a certain 
region is defined and the necessary tools are developed, a region should concentrate 
its efforts on increasing cost-effectiveness. It can be said that by standing on the 
shoulders of frontrunners, a region can advance very rapidly in its benchmark and 
concentrate its efforts in the collaborative development of the tools by building 
partnerships.

In the case of the Basque Country, after the definition of a framework strategy we 
have defined the following actions: (i) a prioritization of specific target topics at a 
regional level (e.g. eco-design of electrical equipment, near net shape technologies, 
process control system for material efficiency, remanufacturing or composites recy-
cling); (ii) the development of public-private strategies for priority topics; (iii) a 
better contribution of demand driving instruments in specific policy mixes for each 
priority strategy and; (iv) a systematic measurement and better follow up of the 
cost-effectiveness of the applied instruments.

In this sense, due to the experiences and instruments developed in the Basque 
Country we believe that our region can become an ideal laboratory for other 
European initiatives to test innovative environmental instruments on a regional 
scale.
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Chapter 15
The Circular Economy Package 
of the European Union

Joachim Wuttke

Abstract The Circular Economy Package which the European Commission pre-
sented on 2 December 2015 aims to stimulate Europe’s transition towards a circular 
economy, improve international competitiveness, foster sustainable economic 
growth and generate new jobs. The package fleshes out the EU Roadmap to a 
Resource-efficient Europe where it relates to the circular economy.

The package comprises legislative proposals on waste and an action plan 
(Communication from the Commission to the European Parliament, the Council, 
the European Economic and Social Committee and the Committee of the Regions, 
Closing the loop – An EU action plan for the Cirular Economy, COM(2015) 614 
final). The legislative proposals on waste aim to expand recycling and reduce land 
filling, and the action plan for the circular economy contains proposals for “closing 
the loop” in the circular economy and including all phases of a product’s lifecycle, 
from manufacture and use to waste management and the market for secondary raw 
materials.

The revised legislative proposal on waste, which encompasses amendments to 
four legal acts, sets waste reduction targets and is meant to create a long-term frame-
work for waste management and recycling. To ensure effective implementation, the 
waste reduction targets in the new proposal are accompanied by various measures. 
However, the level of ambition of the measures included in the action plan offers 
countries with highly developed waste management systems such as Germany, the 
Netherlands, Austria or Denmark little new incentive, whereas they are ambitious 
for other Member States.

Keywords Circular economy • Circular Economy Act • German Resource 
Efficiency Programme • Waste prevention • Product design • Sustainable consump-
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15.1  Introduction

The growing level of global consumption requires us to rethink how we deal with 
natural resources. A circular economy – one which fully integrates all aspects rang-
ing from product design, sustainable production methods and patterns of consump-
tion to recycling – makes significant contributions to resource conservation.

Economic development in Germany has long been characterised by rising 
 industrial production and an expanding service industry. Greater pressures on the 
environment have naturally accompanied this development. It has been possible to 
reduce or contain these environmental effects in many sectors, as environmental 
technology has become more advanced, and because organisations have contributed 
to protecting the environment within their companies and have become more effi-
cient at dealing with energy and raw materials.

On a macroeconomic scale, many of the climate protection gains made in 
Germany have been reversed or even eclipsed because both the volume and variety 
of goods produced has risen simultaneously, and manufacturing has increasingly 
been transferred abroad. Electric devices are a good example – although each indi-
vidual device has become significantly more efficient, many more devices are sold 
overall. This results in efficiency gains being neutralised or drowned out by the 
number of devices sold.

If we assume that more than 9 billion people will adopt the manufacturing and 
consumption patterns of the industrialised world in the future, the international con-
sequences for nature and the environment would be catastrophic.1 Increasing 
resource productivity and decreasing the burden on nature and the environment in 
relative terms per commodity is therefore insufficient – the absolute consumption of 
resources must diminish and thus be decoupled from economic growth.

15.2  Experiences in Germany

Elements of a Circular Economy have been discussed in Germany in the field of 
waste management for decades. Following the enactment of the first Waste Disposal 
Act2 in 1972, the waste management system has been subject to consequent pro-
gressive development. The principles of modern waste management, which were 
developed in Germany as early as 1975  in the Federal Government’s Waste 
Management Programme,3 have influenced the legislation since that time. The latest 
phase of development in waste management was the enactment of the “Circular 
Economy Act” (CEA), which came into force at the beginning of 2012.

1 vgl. Umweltbundesamt (Hrsg. 2012): Schwerpunkte 2012  – Jahrespublikation des 
Umweltbundesamtes. Ressourceneffizienz – Schlüsselkompetenz zukunftsfähiger Gesellschaften. 
Dessau-Roßlau.
2 Waste Disposal Act of 7 June 1972, Federal Law Gazette, Part I, p. 873.
3 Waste Management Programme of the Federal Government, Bonn 1975.
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There is a range of environmental, economic and social arguments in favour of 
increasing the use of secondary raw materials obtained through recycling processes. 
Recycling rates in Germany for some materials are already very high. For example, 
since two decades, a greater portion of aluminium comes from secondary produc-
tion than from primary production. This has led to a reduction of approximately 
90% in the emissions relating to aluminium production.

Therefore the scope of discussion in the political, public and scientific spheres 
has widened. To this end, the German Resource Efficiency Programme (ProgRess) 
(n.d.) adopted by the German government has formulated a central goal: to reduce 
the consumption of resources and the environmental pressures associated with it in 
order to secure prosperity and opportunities for development.4 The programme fol-
lows the model of an economy embedded in material cycles. Improved technical 
measures in all areas of industrial production and measures that affect finished prod-
ucts should allow us to have an economy that conserves natural resources and in the 
long-term stops the contamination of the environment with substances that are dam-
aging to both our health and the environment itself, as far as possible.

The concept of the circular economy is of utmost significance in this regard. In a 
circular economy, materials are used more sparingly and efficiently during produc-
tion, products are designed and used in an environmentally friendly way, and waste 
is preferably prevented or – at the very least – subjected to high quality recycling. 
This type of economy requires us to think in terms of what are known as material 
flows. Taking into account the entire lifecycle of raw materials and the products 
manufactured with them– starting with the mining of precious materials and rare 
earth elements for our mobile phones, for example, and going right through to the 
moment the products themselves are recycled.

15.3  The European Commission’s Circular Economy 
Package

The action plan places a strong focus on recovery and recycling of end-of-life con-
sumer waste and does not sufficiently address collection and management of pro-
duction waste. Industrial symbiosis approaches are dealt with only briefly. It also 
fails to raise the problem of downcycling which is de facto practiced for virtually all 
material flows.

The package incorporates important aspects and topics and adequately identifies 
deficits, but the measures it proposes to overcome them are only – except for those 
for packaging – of an appellative, informational or descriptive nature. Proposals are 
often limited to vague statements of intent or very soft measures, like references to 
the work programme for the Eco-design Directive.

4 Bundesministerium für Umwelt, Naturschutz und Reaktorsicherheit (Hrsg. 2011): Deutsches 
Ressourceneffizienzprogramm. Programm zur nachhaltigen Nutzung und zum Schutz der natürli-
chen Ressourcen. Berlin.
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Overall, the proposals fail to convey a concept for how a circular economy can 
be fitted into a resource-efficient Europe. In that regard, the package could have 
built on the vision set out in the Roadmap to a Resource-efficient Europe.5

Concrete targets are set only in the field of waste, in the form of recycling quotas, 
while the key optimization parameters of a circular economy remain unclear. No 
reference is made to the resource use caused by an economy based on primary raw 
materials and the substitution effects from the use of secondary raw materials. The 
interdependencies between a circular economy and the energy sector are ignored. 
Overall, the Circular Economy Package is, from the German point of view, lacking 
in ambition and innovation.

In the following, some examples from the Package are discussed in more detail 
to consider how the European Commission’s Circular Economy Package could pro-
vide impetus to the further development of the circular economy.

15.3.1  Resource Conservation

The action plan proposed by the Commission contains elements with a strong eco-
nomic focus (boosting job creation, growth, competitiveness, security of raw mate-
rial supply) while environmental aspects are, in many instances, mentioned only as 
a secondary argument. References to the EU 2020 Strategy, the flagship initiative 
“A Resource-efficient Europe” and the Roadmap to a Resource-efficient Europe are 
almost completely absent.

At the macro-economic level, the proposal does not include any targets, not even 
one for raw material efficiency is mentioned. Measures to reduce environmentally 
harmful and resource use-boosting subsidies are completely absent. The financial 
sector is not addressed. The financial sector should also do its part to draw more 
attention to raw material efficiency. Suitable indicators for the financial sector 
should be established as a first step.

Regarding production processes, the proposal is right in recognizing that mining 
will remain a major source of raw materials in the medium term even in a (growing) 
circular economy. It explicitly mentions the greater attention that must be given to 
the environmental and social impacts of the production of primary raw materials 
and rightly recognizes that even in a circular economy, mining will remain a major 
source of raw materials in the medium term. The statement that the Commission 
seeks to promote the sustainable sourcing of raw materials globally through interna-
tional cooperation and its trade and development policy is very much to be wel-
comed. The view that responsibility should primarily be assigned to the industry, 
and not to consumers, is also in line with our assessment.

Even though it correctly identifies industry’s role, the proposal implicitly 
excludes mandatory (legally prescribed) supply chain due diligence schemes by 
inviting the industry to make its own commitments to sustainable sourcing. The 

5 KOM (2011) 571 endg.
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voluntary nature of this call is also evident from the fact that the list of measures 
annexed to the Communication and the legislative proposals do not include a spe-
cific measure on the topic of “environmental and social impacts of raw material 
sourcing”.

Other processes, like those carried out by the European Innovation Partnership 
(EIP) on Raw Materials with its Strategic Implementation Plan (SIP) and other 
innovation partnerships (such as Directorate General Growth ((DG Growth), have 
in part already reached a higher degree of specificity. It would be consistent to 
acknowledge and connect with them. There should be procedural coherence with 
DG Growth. Much better linkage with the strategies of other Directorates-General 
would in any event be appropriate, since these strongly influence the framework 
conditions and potentials for development of a circular economy.

15.3.2  Waste Prevention

The Commission’s proposal includes new measures to prevent food waste, incorpo-
rate reparability and durability into product design and strengthen the re-use of 
products.

These approaches to strengthening waste prevention as a strategy to be priori-
tised in the circular economy are seen as positive. The measures address relevant 
aspects along the product lifecycle which are assessed in the sections below. One 
important area is the prevention of food waste.

Reducing food waste all along the value chain (primary production, processing 
and manufacture, retailing, distribution and in food consumption at and outside the 
home) is one of the target areas of waste prevention measures.

The action plan contains a number of supportive elements to accompany the 
measures that need to be implemented at national level. They include the develop-
ment of a common, EU-wide methodology and indicators to measure food waste, 
setting up a stakeholder platform on food waste at EU level, examining the use of 
date marking by actors in the food chain and supporting measures to enhance con-
sumers’ understanding of the “best before” label.

Overall, the measures proposed in the Package for reduction of food waste are 
seen as positive. A point worth noting is that the Communication on the action plan 
mentions the Sustainable Development Goals (SDG) target of halving per capita 
food waste by 2030. However, since it has not been incorporated in the legislative 
text, this target remains not legally binding. Developing common measurement 
methods and indicators is essential for determining the quantity of food wasted and 
the very prerequisite for measuring and assessing progress in preventing food waste. 
These measures are therefore very much welcomed.

A point that seems less convincing is that the Package still sees the consumer and 
the behaviour changes that can be induced on that end as the main focus for achiev-
ing relevant reductions and much less holds other actors responsible.
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15.3.3  Product Design

For the important aspect of product design, the Commission’s proposal includes the 
following elements in particular:

• Reparability, durability, upgradability and recyclability of products will be pro-
moted under the Ecodesign Directive and material efficiency standards 
developed;

• Requirements concerning the availability of spare parts and repair information 
will be considered in future work on ecodesign;

• An independent testing programme will be prepared under Horizon 2020 to help 
identify issues related to possible planned obsolescence.

A set of measures of this kind for the action field of product design can make 
products more durable and easier to repair and upgrade. It can facilitate their disas-
sembly and the identification of constituent materials for improved recycling. 
Therefore, the proposal envisages that reparability, upgradability, durability, recy-
clability and the identification of certain materials will be systematically examined 
under the Ecodesign Directive. As a first step, the Commission has included some 
of these aspects in the review of the regulation for televisions and the extension of 
the scope of this regulation to include all electronic displays.

In the preparatory studies conducted to prepare ecodesign regulations for spe-
cific product groups a material efficiency tool has been introduced. This tool has 
already created a fairly good basis for these measures. The request to develop stan-
dards on material efficiency under the Ecodesign Directive which was received and 
accepted by European standardization organisations will also contribute to the fur-
ther development of relevant methods and standards.

It remains to be seen, however, whether product-specific implementing regula-
tions will actually set requirements concerning the above aspects. Therefore, the 
implementation of the standardisation mandate referred to above and future prepa-
ratory studies should be monitored intensely in order to ensure that these aspects are 
adequately reflected in these implementing regulations.

A negative aspect is the fact that the Commission has not yet presented the 
Ecodesign working plan for 2015–2017, which it announced would be presented at 
the latest with submission of the Circular Economy Package. It remains to be seen, 
therefore, whether the Commission will sufficiently incorporate the aspects repara-
bility, upgradability, durability, recyclability and identification of certain materials 
into the working plan.

Requirements for better recyclability and for identification of materials under the 
Ecodesign Directive are only enforceable and meaningful if they fit with 
 primary- treatment and recycling practice. A close interaction exists here with the 
work to amend the German Electrical and Electronic Equipment Act, particularly 
with the planned treatment requirements.
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15.3.4  Sustainable Consumption

Regarding the consumption phase, the proposal envisages improving consumer 
information. Among other measures, the Commission plans to consider the possi-
bility of requirements on the provision of information on repair and spare parts (as 
part of the work on ecodesign).

In addition, the Commission plans to develop a European agenda for the collab-
orative economy. Its formulation under the Single Market Strategy is not sufficient 
to mobilise potential for reducing environmental pressures, new business models 
and social innovation towards sustainable consumption, since it only addresses 
aspects relating to new business models under competition and consumer legisla-
tion. It is not yet coupled with a European strategy for promoting the collaborative 
economy; instead, it is about creating a legal framework for further shaping the 
European single market. In view of the fact that the stance on commercial sharing 
platforms (such as ebay, Airbnb, etc.) has become increasingly critical of late, there 
is the danger that more non-commercial, civil-society-organised forms of the col-
laborative economy come under substantial pressure of being regulated and marke-
tised. This would thwart current efforts to create legal structures enabling the 
promotion of social innovations for consumption as part of a green economy in 
Europe.

The proposal provides for consumer advice only via (improved) labelling, whilst 
actual advising of consumers as well as approaches for anchoring resource effi-
ciency in education are left completely unaddressed.

The proposal encourages Member States to provide incentives (for consumers) 
and use economic instruments such as taxation to ensure that product prices better 
reflect environmental costs, but it does not mention more specific approaches. 
Economic instruments are, however, crucial for an effective policy, and possibilities 
for action in that regard also exist at EU level (e.g. VAT).

To raise public awareness of sustainable consumption and production patterns, it 
would be appropriate to provide for education and information measures and for the 
integration of resource efficiency and sustainable consumption into education cur-
ricula at all levels.6

15.3.5  Information Requirements on Life Span 
and Reparability

The fact that the Commission plans to specifically consider proportionate informa-
tion requirements on durability under the Energy Consumption Labelling Directive 
(energy label) and on the availability of repair information and spare parts under the 
Eco-design Directive is a positive thing.

6 cf. Environmental Research Plan project on education in resource conservation and resource effi-
ciency (BilRess/FKZ 3712 93 103).
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In order to choose products according to their respective needs, the product infor-
mation that should be available to consumers before or while making their purchasing 
decisions should also include information on durability, reparability, the availability 
of spare parts and repair services. In regard to durability information, there are seri-
ous limitations to this, in that in the case of a number of products measuring durabil-
ity is not possible and requirements can only be set at component level. On the other 
hand, measurements are very time-consuming and costly (e.g. lasting 9 months and 
more), depending on the product group, thus presenting a large hurdle for market 
surveillance authorities. There is a need for further research regarding this aspect.

Complementing the above, we see a need to improve the framework conditions 
for independent repair shops. Specifically, available spare parts, repair manuals and 
tools should always be available also to non-manufacturer-affiliated spare part dis-
tributors and repair shops. The arrangement that applies in the motor vehicles sector 
can serve as a model in this regard.7 In that sector, diagnostic tools and detailed 
repair information are normally made accessible against payment of a nominal fee. 
We consider it necessary, in principle, that this arrangement be transferred to electri-
cal and electronic equipment.

15.3.6  Obsolescence

We welcome the intended testing programme for detecting planned obsolescence. 
Results show that the first useful service life has decreased over the last years for 
most of the product groups investigated.8 This is the result of material, functional, 
psychological and economic forms of obsolescence interacting to produce a highly 
complex pattern. Research into these issues should definitely be continued.

In addition to the “testing programme” on obsolescence, specific measures 
against obsolescence should be developed. Possible measures include e.g. requiring 
manufacturers to provide information on guaranteed product lifetimes and repara-
bility to enable consumers to make a more informed choice.

15.3.7  Plastic Waste

The Commission proposes the preparation of a strategy on plastics, as a follow-up 
to the Green Paper on plastic waste.9 We welcome its intention to improve the sepa-
rate collection of plastics, increase the quantities recycled and strengthen recycling 

7 Regulation (EC) No 715/2007 as amended.
8 Prakash et al.: “Einfluss der Nutzungsdauer von Produkten auf ihre Umweltwirkung – Schaffung 
einer Informationsgrundlage und Entwicklung von Strategien gegen Obsoleszenz”; im Auftrag des 
Umweltbundesamtes. Texte 11/2016. Dessau-Roßlau. Download at: http://www.umwelt-
bundesamt.de/publikationen/einfluss-der-nutzungsdauer-von-produkten-auf-ihre-1
9 GREEN PAPER On a European Strategy on Plastic Waste in the Environment, COM/2013/123 
final, Brussels, 7.3.2013.
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over landfill. Another positive aspect is its intention to launch work on EU-wide 
quality standards for secondary raw materials and to focus on product design as well 
as the waste phase. Thus, the Commission plans to examine aspects such as recy-
clability under the Ecodesign Directive and develop relevant requirements for prod-
ucts where appropriate. The package does not, however, include concrete targets 
(e.g. plastic-specific quotas for non-packaging uses) or measures to achieve them. It 
remains to be seen, therefore, whether such statements of intent will eventually be 
reflected in statutory requirements. Also missing are approaches for strengthening 
the demand for plastic recyclates. Likewise, statements on the issue of biodegrad-
ability of plastics remain vague, limited to pointing out that this aspect will be con-
sidered in the strategy on plastics that is due to be prepared.

15.3.8  Critical Raw Materials/Recovery of Precious 
and Specialty Metals

The Commission stated that it will foster high-quality recycling which through 
“voluntary certification of treatment facilities for certain types of waste (e.g. elec-
tronic waste, …)”. This can have a positive effect on the efficiency of the recycling 
of precious and specialty metals along the entire waste management chain. However, 
this strongly depends on how “high-quality” is defined and how the certification is 
crafted.

Whether the stated further development of the “recently initiated Raw Materials 
Information System” as well as “EU-wide research on raw materials flows” will 
have a positive effect on the recovery of precious and specialty metals will depend 
on whether sound data on precious and specialty metal flows are (or can be) made 
available.

The description of the problems encountered in recycling of critical raw materi-
als from waste electronic equipment is in line with available scientific findings:

• Poor recyclability of the products,
• No exchange of information between manufacturers and recyclers,
• Lack of data for all economic operators,
• Absence of recycling standards.

We see as positive the recommendation given to Member States in the Proposal 
to amend the Waste Framework Directive, which suggests that they should take 
measures to achieve the best possible management of waste containing precious and 
specialty metals, taking economic and technological feasibility and environmental 
benefits into account. The same is true for the recommendation to the Member 
States that they should promote the reuse of such products and include in their 
national waste management plans measures to improve the collection and recovery 
of relevant products.

15 The Circular Economy Package of the European Union



260

15.3.9  Waste from Electrical and Electronic Equipment

In this area, the Commission proposes, in particular, requirements for facilitating 
the dismantling, reuse and recycling of electronic displays as well as the develop-
ment of proposals regarding the reparability and upgradability of electrical and 
electronic products. Recovery of critical raw materials will also play an important 
role for reasons of security of supply.

Reparability and upgradability, on which the Package places a strong emphasis, 
should be supported, in addition to being promoted through repair information and 
availability of spare parts, through the development of repair concepts (including 
access to WEEE). Recovery of critical raw materials should be promoted not only 
for reasons of security of supply, but also for environmental reasons.

We welcome the development of previously absent standards for secondary raw 
materials and the promotion of non-toxic material cycles in order to increase the use 
of recycled materials. Where requirements are developed under the Ecodesign 
Directive, their impact on the treatment of waste products should be considered and 
the requirements adapted as appropriate.

Insufficient information exchange between manufacturers and recyclers, and a 
lack of data for economic operators on the potential for recycled critical raw materi-
als are identified in the proposal as barriers to high-quality recycling. A possible 
approach that the Commission may wish to consider is the submission of waste 
management concepts for new products at the time they are launched on the market. 
Such concepts should also ensure suitable structures for collection and recovery.

15.3.10  Landfill Ban

The Commission’s proposals include, in particular, a binding target to reduce land-
filling to a maximum of 10% of municipal waste by 2030, a ban on the landfilling 
of separately collected waste, and the promotion of economic instruments to dis-
courage landfilling.

The landfill ban is a central instrument for controlling waste management. The 
Proposal for amending the Landfill Directive assumes that separately collected frac-
tions are subsequently sent to landfill and that this must be prohibited. This assump-
tion is unrealistic and the provision is therefore unnecessary, because

• it cannot be expected that fractions are collected separately at great cost to be 
then sent to a landfill,

• this would run counter to the waste hierarchy prescribed by the Waste Framework 
Directive,

• separately collected fractions normally either have a positive market value (e.g. 
metals, paper) or at least can be consigned to further processing/recovery at less 
cost than to landfill disposal, and

• this provision would be hardly enforceable.
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In addition, a practical problem lies in the fact that each separately collected frac-
tion contains a relatively large proportion of extraneous material. The proposal says 
nothing about whether such material may also no longer go to landfill after having 
been sorted out, since it had previously been collected separately (unlike mixed 
residual waste).

It would be more effective to set requirements for the fraction of mixed residual 
waste for landfill in order to force treatment (sorting out of recyclable components, 
biodegradation, thermal conversion) up to defined target rates. This can stimulate 
more recycling/recovery and environment- and climate-friendly treatment.

By way of derogation from the currently applicable provision, the proposal does 
not call for a further reduction of the proportion of biodegradable fractions beyond 
the target for 2016 of 35% of the fraction produced in 1990. A possible target would 
be e.g. 25% of the biodegradable waste produced in 1990 by the year 2025, coupled 
with requirements for the residual organic component (determined as e.g. TOC or 
ignition loss) and/or biodegradability activity parameters (determined e.g. as breath-
ing activity or gas formation rate).

The binding target of 10% in the Proposal to amend the Landfill Directive is far 
more definite than what was proposed in the package tabled and withdrawn in 2014, 
and is therefore welcomed. It would be helpful, however, if there was a clear and 
final definition of the term “municipal waste”, based on waste code numbers (e.g. 
group 1501 and Chap. 20 of the EU list of waste10) instead of verbal descriptions.

This 10% target is a very ambitious requirement. Without the waste pretreatment 
measures taken (mechanical and biological treatment, incineration), even in 
Germany some 35% of municipal waste would still have to be landfilled today. It is 
completely incomprehensible, therefore, why there are warnings of future overca-
pacities even though many Member States have the needed plants either not at all or 
not at sufficient capacity. In many Member States, over 75% or even 90% of munici-
pal waste is still sent to landfills without prior treatment.

15.4  Conclusion

Based on the waste hierarchy circular economy instruments have been derived. 
Whereas some like recycling have been used successfully for decades others like 
waste prevention and reuse were revitalized and complemented, e.g. by sustainable 
product design and sustainable consumption concepts, in a new context and in the 
light of new findings. They help us complete the paradigm shift away from remedial 
waste management to a preventive circular economy.

In order to come closer to achieving the goal of closed material cycles in the long 
term, new concepts and instruments as described above must be established. To 
reach this goal, a resource-efficient material flow economy will also take those 
impacts of resource use into account that occur abroad, e.g. in the extraction of raw 
materials.

10 Commission Decision 2014/944/EU.
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We must advance our technologies and logistics if we want to better harness our 
wastes’ potential as a source of raw materials. In the future, whether the achieved 
benefits justify the cost should be judged less by current market prices and much 
more by the resource use and environmental impacts incurred for producing compa-
rable materials from primary raw materials. Much of the burden that we place on the 
environment to produce primary raw materials has merely constituted an external 
cost to date, which is not reflected in the raw materials’ market prices. Materials 
whose provision is associated with substantial, and in many instances growing, 
environmental impacts and incorporated into products using high-tech production 
methods should also be recovered by the use of high-tech processes at the end of the 
chain of utilization in order to prevent new environmental impacts and return the 
materials to the cycle.

Disclaimer This paper does not necessarily reflect the opinion or the policies of the German 
Federal Environment Agency.
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Chapter 16
Saving Natural Resources Through 
Conversion and Constructional Densification 
in Urban Areas: Ecological Potentials 
and Limits

Daniel Reißmann and Matthias Buchert

Abstract Considering the increasing urbanization in already dense agglomerated 
regions, constructional conversion and densification could be promising options to 
achieve exceptional savings on natural resources – more particularly of construction 
materials and land. However, challenges that relate to compact city structures have 
to be considered in an integrated view to avoid conflicts between the saving of 
scarce resources and further targets like enabling a high quality of urban life. This 
article will focus on resource saving potentials through the measures of construc-
tional densification and conversion in urban areas in Germany under consideration 
of challenges and conflicting goals to other relevant issues of urban development. 
The main finding show that considerable savings of construction materials, energy 
or land could be reached through dense building structures and the conversion of 
building stocks into alternative uses.

Keywords Natural Resources • Constructional Densification • Conversion 
Activities • Urban Development • Ecological Potentials and Limits

16.1  Introduction and Background

More than 75% of the German population lives in cities and agglomerated areas 
today. Globally, the share is about 50% with an increasing trend (BMUB 2016a). 
This concentration of people induces high demands on natural resources like water, 
raw materials and land (UBA 2012), and thus cities and metropolitan areas are 
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major hot spots of the global consumption of natural resources. It is even expected 
that about 80% of the global resources consumption will take place in urban areas 
by 2030 (McKinsey Global Institute 2016). In addition, the growing metropolitan 
areas of Germany in the South (Stuttgart, Munich, Frankfurt etc.), in the West 
(Cologne etc.), in the East (Berlin, Leipzig, Dresden) and in the North (Hamburg) 
will be confronted with further population growth in future which will induce high 
demand for additional living space and infrastructure and the corresponding build-
ing materials (Geppert and Gornig 2010).

With these conditions of urbanization, constructional conversion and densifica-
tion in urban areas could be promising options to achieve exceptional savings on 
natural resources – more particularly of construction materials and land. This is why 
these concepts have gained rising attention in the last few years. Also, current stra-
tegic urban policy frameworks on the international and national level highlight the 
promotion of these concepts, which shows their relevance for urban development 
policy (e.g. UN HABITAT (2016), BMUB (2016a), BMUB (2015a) and EC (2007)).

A recent study which analyzed the potential for the creation of affordable hous-
ing space through the addition of floors on building stocks (vertical densification) 
computed an ascertainable potential of 1.1 million additional and cost-efficient 
apartments in Germany on already sealed urban land (Tichelmann et  al. 2016). 
This is only one of several measures of constructional densification and conversion, 
so a far higher potential is conceivable through a portfolio of various constructional 
actions.

Besides this study, other research projects have also already investigated possi-
bilities and threats of constructional densification and conversion in urban areas. For 
example, a study of the German Environment Agency (UBA1) from 2010 high-
lighted the urban land saving potential of constructional densification and conver-
sion as one solution for the environmental challenge of land consumption (UBA 
2010). Another UBA study from 2013 focused on possible solutions for the dilemma 
of constructional densification in urban districts under assurance of sufficient urban 
green and open spaces as basis for a high urban quality of life (UBA 2013). Solving 
this dilemma is the main focus of the concept of dual development of inner city 
planning (“doppelte Innenentwicklung” in German). It aims to utilize urban land 
reserves in a constructional useful way under consideration of conservation, devel-
opment, linkage and qualitative improvement of urban open spaces (Böhm et al. 
2015). For this, green areas, roof gardens, house gardens or lagoons are integrated 
into the constructed environment to balance the presence between buildings and 
urban green and blue. Additionally, the aforementioned UBA study from 2013 also 
highlighted the importance of the revitalization of living space (e.g. through conver-
sion) and a functional mix in urban districts.

Elements of constructional densification (e.g. vertical densification or brownfield 
revitalization) and conversion are often seen in the context of the so-called compact 
city. This concept aims to revitalize inner city districts, enable short distances 
and counteract urban sprawl (Dieleman and Wegener 2004). This should reduce 

1 Umweltbundesamt.
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(and ultimately stop) additional land take, induce a more efficient use of existing inner 
city infrastructures and improve inner city districts through a mix of urban functions 
with short distances and corresponding environmentally friendly mobility. However, 
more compact city structures are often criticized, especially in regard to the vision 
of a healthy, climate friendly and livable city. For example, air circulation could be 
significant reduced through a dense city structure, which could compromise the 
urban ecology and micro climate (e.g. urban heat islands) (Stone et al. 2010).

For this reason, a broader vision of the compact and mixed use city is promoted 
today. The typical elements of this concept are short distances, a dense and land- 
saving building development as well as a structural balanced mix of compatible 
urban uses and green spaces which deliver ecologic services, recreational functions 
and promote meeting and cohabitation within the urban districts (BMUB 2015a).

Even today, constructional densification and conversion is applied in cities and 
urban regions with a high population growth and the associated high demand on 
housing and infrastructures. For example, in 2009 the city of Munich agreed to initi-
ate a project which should promote constructional densification of settlements from 
the 1950s and 1980s and the conversion of former only commercially used areas 
into areas that are mixed used for commercial and housing purposes. According to 
its own statement, the project named “Langfristige Siedlungsentwicklung (LaSie)” 
(long-term residential development) has motivated several urban stakeholders to 
deal with tolerable constructional density considering a lack of sufficient urban land 
and the high pressure on the housing market (Stadt München 2015).

Beside the already mentioned challenges and potentials of constructional densi-
fication and conversion, considerable potentials for the saving of natural resources 
are connected with these concepts. In addition to the saving of scarce land, densifi-
cation and conversion could also help save raw materials like minerals (e.g. stones) 
and metals (e.g. ores) as well as energy (e.g. coal).

This article will point out what are the driving forces, objectives and expected 
benefits of constructional densification and conversion in urban areas. It will also be 
shown which resource saving potential for land, minerals and metals is considerable 
through these concepts. Challenges and limits of constructional densification and 
conversion with regard to urban micro climate functions, urban quality of life and 
urban green and open spaces will also be addressed. As a summary, the authors sug-
gest some recommendations for a resource saving urban development under consid-
eration of aspects like urban climate, health and quality of life.

16.2  Why Urban Land Conversion and Constructional 
Densification? Driving Forces, Objectives  
and Expected Benefits

The population in most large cities in Germany is increasing since 2010. Due to the 
lifestyles in urban environments the growth rate of private households in cities is 
even higher than the growth rate of the urban population (BBSR 2016). Currently 
Frankfurt am Main is growing by 15,000 inhabitants per year. Local authorities 
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expect 800,000 residents in Frankfurt in 2027 and even 830,000  in 2040, which 
means a 17% increase compared to the current population (Frankfurter Allgemeine 
Zeitung (FAZ) 2015). The city expects a demand for 90,000 additional living units. 
Due to limited areas available for new residential buildings in this city, re- 
densification is regarded as an important part of the solution (FAZ 2016).

Berlin’s population is also growing. Germany’s capital registered more than 
50,000 additional residents in 2015, but just 10,877 new living units were finalized 
in the same year. And this trend seems to continue in the upcoming years. Hence, 
the tensions in the housing market are increasing in Berlin (Tagesspiegel 2016).

The third example is Munich. The city’s authorities expect an increase of the 
population by 230,350 residents for the period 2013 to 2030, which means a total 
growth of 15.4% (München 2015). The Bavarian state capital wants to address the 
growing population with an active housing policy which resulted in 6595 new living 
units in the city for the year 2015 (München 2016). Nevertheless, the increasing 
number of residents in Munich will require an on-going effort for satisfying the 
enhancing need for residential buildings and necessary urban infrastructure.

The main reasons for the large scale trend of growing urban population in 
Germany are the attractiveness of cities for younger people due to universities and 
job opportunities, and often better options for culture and leisure which attract dif-
ferent groups of people.

The clear trend of an increasing number of residents in cities and agglomerated 
regions calls for resolute measures to mitigate potential negative effects for the 
urban environments. The strategy of conversion and constructional densification in 
urban areas is a promising way to achieve this goal. Nevertheless, the limits of this 
concept must be explored and discussed with the responsible actors and the citizens 
in the growing German cities.

16.3  Densification and Conversion Instead of New 
Construction: Potential for the Protection of Natural 
Resources and the Environment

Just in Germany, 147,304 new buildings were constructed in 2015 according to the 
national statistics for building permits in construction (residential and non- 
residential buildings). In total, 222,280 construction activities were accounted with 
new buildings having a share of about 66%. A very similar relation was also 
observed for the previous years as Fig. 16.1 shows.

Especially the construction of new buildings generates a high demand on materi-
als like ferroconcrete, brick, sand-lime brick, cellular concrete, lightweight concrete 
and wood (Destatis 2016c). Because these building materials consist of raw materi-
als like limestone, clay, sand, gravel, grit and iron, the natural resource basis is 
considerable claimed (Destatis 2014). A study from 2009 that analyzed the con-
sumption of construction materials of non-residential buildings in Germany, shows 
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that cement – a major element of concrete – is a main part of most non-residential 
buildings. Figure 16.2 shows the shares of different materials. Obviously, especially 
concrete and thus its main raw materials limestone, clay, sand and iron ore were 
consumed through construction activities (BDZ 2009).

In regard to environmental protection, the production of building materials like 
cement or steel requires high amounts of energy and water and produces significant 
greenhouse gas emissions (during the exploration of raw materials, manufacturing 
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of the product and through transport and distribution) even before the construction 
and use of the building itself (Schirmer 2015). To illustrate this, Table 16.1 shows 
the exemplary environmental effects from the production of just 1 ton cement in 
Germany.

To put this in context, in 2015 the cement consumption of Germany was about 
26,638,000 tons of which 30.7% were used for residential construction, 34.1% for 
non-residential construction and 35.0% for civil engineering (VDZ 2016). That 
means that Germany’s construction sector induced greenhouse-gas emissions of 
about 18,425,000 tons CO2-equivalent for the production of cement of one exem-
plary year. The total greenhouse-gas emissions for Germany in 2015 were 908 mil-
lion tons CO2-equivalent (UBA 2016) which shows that just the usage of cement for 
construction induced 2% of the total amount. These numbers clearly show which 
negative environmental consequences construction activities can cause, although 
this example was limited to cement.

The high amounts of building materials that are used for constructional activities 
also induce considerable waste streams that occur during the construction process 
itself and through demolition activities. According to the European Environment 
Agency (EEA), the construction sector generates annually about 33% of Europe’s 
waste (EEA 2010). In Germany, the share is even higher and was about 53% in 
2014. In total, 197,735,000 tons of construction and demolition waste was gener-
ated in Germany in 2014 (Destatis 2016a). Currently, approximately 70% of con-
struction waste is recovered. However, most of these materials were recovered for a 
low quality usage in civil engineering and landscaping which is a down-cycling. 
Only a minor share is recycled for the more valuable usage as secondary material 
for building construction, especially because most construction materials are not 
recyclable for these purposes and buildings are mostly not planned with regard to 
sustainable deconstruction and material recycling. However, demolished concrete 
as substitute for gravel or gypsum from used plasterboards has promising potentials 
and is already recycled in low amounts (Schindhelm et al. 2012).

Based on all this information it is clear that measures to minimize the resource 
consumption through construction activities are urgently needed to save natural 

Table 16.1 Example of environmental effects caused by the production of 1 ton of cement  
(IBU 2012)

Parameter Unit
Caused 
amount

Global Warming Potential (GWP) (kg CO2-eq.) 691.7
Potential for the abiotic degradation of non-fossil 
resources

(kg Sb-eq.) 
(Antimony-equivalent)

0.0013

Potential for the abiotic degradation of fossil fuels (MJ) 1901.4
Potential for eutrophication (kg PO43−-eq.) 

(Phosphate-equivalent)
0.12

Potential for acidification (kg SO2-eq.) (Sulfur 
dioxide-equivalent)

0.83
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resources, decrease energy consumption, counteract land consumption and mini-
mize other negative environmental impacts like greenhouse gas emissions or 
 eutrophication. Two examples of measures of densification and conversion will be 
illustrated to show how they can contribute to save constructional materials, land 
and energy as well as to minimize negative ecological effects in comparison to new 
construction.

Example 1: Vertical Densification Through the Addition of Floors on Building 
Stocks
There are considerable differences between urban forms of residential construction 
in regard to land take. For instance, dense forms like block or line structures induce 
a significantly lower land take than detached housing development. According to 
Tichelmann et al. (2016) the detached housing development stock claims 40.7 ha for 
1000 housing units. In contrast to this, the line structure inventory needs only 9.1 ha 
and block structure inventory even just 3.8 ha for 1000 housing units. Tichelmann 
et al. (2016) computed that by adding floors on these building stocks, the additional 
land take occupied for buildings and associated open spaces can be reduced by 3 to 
10 ha per day for Germany and 1.1 million additional and cost-efficient apartments 
could be realized assuming a 10 years period to skim off the overall potential. These 
computations focused on regions where a compact urban structure is useful because 
of scarce living space. Regions that have enough vacancies which could be reacti-
vated were not considered as suitable for vertical densification, and were therefore 
excluded from the calculation.

Obviously, vertical densification could significantly contribute to saving land. 
Next to this, Tichelmann et al. (2016) have also shown that the addition of floors on 
inventory buildings could reduce the energy demand of apartments that are down-
stairs by up to 50%. Vertical densification could thus be an energy-saving alternative 
to conventional measures like roof renovation for buildings in need of restoration.

Example 2: Conversion and Renovation of Building Stocks Instead of New 
Construction
Germany has a large inventory of relatively old buildings. Most German cities con-
sist of building stocks from the mid-nineteenth century and early twentieth century 
as a result of the population growth during the industrialization. However, as many 
buildings were destroyed during the world wars, buildings stocks from the 1950s up 
to the 1970s are very present in most German cities (Grassnick and Hofrichter 
2013). In rural areas, relatively old agricultural buildings like houses with stalls, 
barns and farmhouses are very present (LfL 2008). Most of these building stocks are 
possibly usable for other purposes why they can be converted or reused. A study 
from 2008 which was prepared for the Agricultural Agency of Saxony (Sächsische 
Landesanstalt für Landwirtschaft (LfL)) computed that through the conversion of an 
exemplary German farmhouse up to 36% of the specific need of constructional 
materials of an average single-family house could be saved considering the legal 
minimum standards for energetic renovation (LfL 2008). Based on calculations of 
Markova et  al. (2010) for the average material effort of a massive constructed 
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single- family house, this conversion measure could possibly lead to the exemplary 
savings of selected building materials that are illustrated in Fig. 16.3.

Only considering the production of galvanized construction steel  – including 
credits through the recovery of scrap metal for primary production – approximately 
12,600 kilogram CO2-equivalent could be saved through this conversion measure, 
just for one building (IBU 2013).

Both examples show that considerable potentials for the saving of resources like 
materials, land or energy are conceivable through densification and conversion mea-
sures. Through vertical densification, high potentials for the saving of land and 
energy could be reached. In addition, existing infrastructures are used for new living 
spaces which also minimizes the need for resources (e.g. materials, energy, water) 
to develop new infrastructure as it is often the case for new constructed buildings. In 
addition, the conversion of building stocks into new uses could also reduce the 
resource consumption – especially regarding construction materials – significant. 
All this helps to decrease negative environmental impacts like greenhouse gas 
emissions.

Given that the overall potential for inner urban development for Germany is esti-
mated at 165,000 hectares (Schiller et al. 2013) – which is four times the area of 
Cologne  – an additional significant land saving potential by reactivating urban 
brownfields and empty sites2 is possible.

2 Brown fields and empty sites could be reactivated for constructional purposes (e.g. as building 
land) or other land usages (e.g. green areas) if these fields are not hazardous contaminated through 
e.g. high concentrations of heavy metals in soil.
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Fig. 16.3 Exemplary projected savings of selected building materials for the conversion of a 
German farmhouse in comparison to a new massive constructed single-family house (Data Source: 
adapted from Markova et al. 2010)
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16.4  Ensuring Quality of Life: Challenges and Limits 
of Compact Urban Structures

Since compact urban structures became part of urban planning concepts, they were 
seen as solutions for a portfolio of problems that occur as results of decentralization, 
rapidly growing individual mobility and population growth in already dense urban 
areas. The compact city concept which counteracts urban sprawl and additional 
urban land take was seen as a sustainable way for urban development (de Roo 2000).

Nevertheless, this enthusiastic view on compact city structures ignores the 
environmental dilemmas that could occur with a highly dense settlement structure. 
For example, dense urban structures have a higher negative impact on the regional 
climate in terms of so named heat island effects which are caused by absorption and 
retention of solar energy and exhaust heat from urban energy infrastructures and 
usages. Simultaneously, denser structures have less impact on global climate change 
due to shorter distances and less motorized traffic. Such environmental conflicts can 
also be observed for other aspects like the lower ecological footprint per capita in 
dense urban areas versus usually higher water and air pollution levels per acre in 
such regions in contrast to lower dense areas (Kelbaugh 2012).

When dealing with potentials for the saving of natural resources through urban 
densification, such environmental dilemmas associated with compact city structures 
must be considered. Taking into account that cities should serve a high quality of 
life for their inhabitants, cultural, social and economic aspects also have to be 
considered.

A major problem of high density cities is that the inner city infrastructures can be 
overloaded. Although one aim of compact city concepts is to enable short distances 
and hence promote short distance travel like walking or biking, medium distance 
travel must also be guaranteed to have a high urban quality of life. Public transport 
is the most dominant form of environmentally friendly medium distance travel in 
urban areas, with increasing tendency in most growing cities (BMVBS 2010). 
However, in many rapidly growing urban areas the rising passenger numbers exceed 
the capacity of public transport infrastructures, especially in major traffic hot spots 
and during rush hours. Figure 16.4 shows the rising number of public transport pas-
sengers for three German cities that are already highly populated and confronted 
with further population growth.

A potential solution for this increasing pressure would be to develop the public 
transport infrastructure as a whole. But the current situation shows that most cities 
are not able to develop their public infrastructure as fast as passenger numbers are 
increasing, which leads to much more pressure. Figure  16.5 illustrates this for 
Berlin. Obviously, the growth rate for passenger numbers is considerable higher 
than the growth rate of public transport routes.

Considering this, it is necessary to create urban mobility concepts that avoid such 
public transport overloads. One major advantage of compact city structures is that 
they already avoid long distance travel and reduce the need for individual motorized 
mobility. Although mixed functions – which means the mixture of activities like 
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living, working and recovery within one urban district – are one central aim of com-
pact structures, there is no guarantee that all inhabitants live and work within short 
distances that can be reached by foot or bike. Hence, medium distance travel within 
the city is needed. Thus, a mix of urban medium distance travel is seen as promising 
approach to avoid possible mobility and infrastructure problems. For example, 
among other national and international activities the Directorate-General for 
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Mobility and Transport of the European Union has launched an urban mobility 
program that promotes a mixture of different medium distance mobility concepts 
like intermodal transfers, park and ride systems, demand responsive transport, car 
sharing concepts, electric bicycles and others (EU COM 2012).

In addition to infrastructure overloads, compact urban structures could also lead 
to high rates of land sealing which is in conflict with the preservation and develop-
ment of urban green spaces which are major habitats for several species and thus 
contribute to save the natural resource biodiversity (Böhm et al. 2015). Considering 
that a score of 100% is aimed, the trend of the indicator scores for biodiversity in 
settlement areas – illustrated in Fig. 16.6 – shows the need for more urban green to 
preserve the biodiversity in settlement areas.

Besides biodiversity conservation, urban green spaces have various other func-
tions like the absorption of air pollutants, CO2 sequestration, evaporative cooling 
and shadowing. All these functions promote the quality of urban habitats, the health 
of the urban population, a comfortable urban microclimate and urban biodiversity. 
Additionally, urban green and open spaces are places that promote neighborly 
cohabitation, nature experience and environmental education (BMUB 2015b).

The guiding principle of dual inner urban development deals with these issues. It 
promotes an integrated approach of reactivating urban brownfields to save land and 
a simultaneous development, linkage and qualitative improvement of urban green 
and open spaces (Böhm et al. 2015).

Noise is also often mentioned as a problem of dense urban structures (City of 
Amsterdam 2008). Nevertheless, this problem is already partly counteracted through 
short distances which should contribute to reduce noise exposure from individual 
motorized mobility. However, the functional mix in compact cities leads to the 

0

10

20

30

40

50

60

70

80

90

100

2002 2003 2004 2005 2006 2007 2008

D
eg

re
e 

of
 ta

rg
et

 a
ch

ie
ve

m
en

t [
%

]

biodiversity indicator scores for settlements

Fig. 16.6 Development of the indicator for biodiversity in settlement areas for the years 2002–
2008. (Data Source: BFN 2014)

16 Saving Natural Resources Through Conversion and Constructional Densification…



274

problem that settlements and commercial activities move spatially closer. Some 
commercial activities (e.g. carpenters) generate noise exposure which could lead to 
problems regarding the fulfillment of noise thresholds for settlement areas. High 
noise pollution reduces the quality of life why these thresholds are normally very 
strict for settlement areas. To solve this conflict between mixed functions in com-
pact structures that enable short distances and higher noise exposure through com-
mercial activities near to settlement areas, a new type of building area is discussed 
in Germany. The so-called “urban area” could enable higher noise thresholds for 
compact urban structures (BMUB 2016b). These thresholds are close to thresholds 
for commercial areas, which makes this legal initiative highly controversial (Wuerfel 
et al. 2016) and thus further constructional solutions to enable a quiet living space 
in compact city areas are in development.

16.5  Conclusion and Recommendations

In the previous chapters it was shown that the strategy of conversion and construc-
tional densification in urban areas is very promising to save natural resources. 
Addressing the significant population pressure in many cities and dense regions in 
Germany this strategy will become a key for satisfying the growing demand for liv-
ing space and urban infrastructure as well as for preventing negative environmental 
impacts. In some cities like Frankfurt am Main the population pressure seems to be 
as dramatically that efforts for conversion and constructional densification have to 
be intensified.

But this also means that quality of life and health have to be ensured for the 
growing urban population. Therefore urban green spaces have to be preserved for 
the people in urban surroundings and also within the inner city. Vertical densifica-
tion through the addition of floors on building stocks is a promising way to address 
both objectives following a recent study which assessed the potential of this option 
for Germany. Additional living units can also be generated in cities through the 
conversion of unused non-residential buildings to residential buildings, the revital-
ization of brownfields and empty sites as well as the reallocation of parking areas to 
construction land for buildings. The last option requires a noticeable shift of the 
modal split in the urban areas for transportation. Therefore a substantial extension 
of the public transport in the urban areas is an important pre-condition to reduce the 
number of vehicles in cities and to gain space for additional residential buildings.

Disclaimer This paper does not necessarily reflect the opinion or the policies of the German 
Federal Environment Agency.
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Chapter 17
The Path to Degrowth for a Sustainable 
Society

Serge Latouche

Abstract The word degrowth has been recently used in the ecological, economic 
and social debate; it started being used in 2002 as a provocative slogan to denounce 
the mystification of the ideology of sustainable development. It now designates a 
complex alternative project, with undeniable analytical and political significance. It 
is about first escaping from consumption society and then building a durable society 
of prosperity without growth or frugal abundance. Thus degrowth is not the alterna-
tive, but rather a matrix of alternatives that opens the human adventure to a plurality 
of destinies and space for creativity, while removing the lead blanket of economic 
totalitarism. Degrowth therefore offers a general framework that provides meaning 
to many sectorial initiatives or local resistances favoring strategic compromises and 
tactical alliances. This project may seem like a pipe dream today but it is extremely 
realistic if we want to avoid the collapse of human society in the future.

Keywords Bioeconomy • Degrowth • Development • Decolonization (of the 
 imaginary) • Sustainable development

17.1  Why This Neologism?

Portraying degrowth as a version of sustainable development, as has been done by 
some authors (Zaccai 2007), makes little sense historically, theoretically and politi-
cally in regard to the meaning and significance of the initiative. The motto of 
degrowth was almost accidentally launched by a pressing need to break with the 
wooden language of sustainable development that was felt by whole streams of 
political ecology and development critics (Revue Silence 2002). Thus the phrase is 
not originally a concept (at least not symmetrically to growth) but rather a defiant 
political slogan with the main objective of reminding us of the meaning of limits; 
more specifically, degrowth is neither recession nor negative growth.
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The word should not be interpreted literally: degrowing to degrow would be as 
absurd as growing to grow. Of course, degrowthers want the quality of life, air and 
water to grow, along with several other things that growth for the sake of growth 
destroyed. To speak more rigorously, we should probably employ the word a-grow, 
with the Greek privative prefix “a”, as we say a-theism. And it is, as a matter of fact, 
the abandon of faith and religion: those of progress and development. We should 
become atheists of growth and the economy. The rupture of degrowth is therefore 
related to both words and things, it implies the decolonization of the imaginary and 
the implementation of another possible world.

17.2  History, Causes and Meaning of Degrowth

While chance did play a role in the sequence of events, it was a need that can be 
rightfully called historic that led to the apparition of a radical movement offering a 
real alternative to the consumption society and the dogma of growth. Facing the 
triumph of ultra-liberalism and the arrogant proclamation of Margaret Thatcher’s 
famous TINA (there is no alternative), small anti-development freemason groups 
could no longer get by with a quasi confidential, theoretical criticism for Third 
Worldists. However, the other face of the triumph of single-thought ideology was no 
other than the consensual “sustainable development” slogan, a nice oxymoron that 
was launched by UNEP (United Nations Environment Programme) to try to save the 
religion of growth in the ecological crisis and which seemed to be well accepted by 
the anti-globalization movement. It became urgent to oppose the capitalism of a 
globalized market with another civilization project or, more specifically, to give vis-
ibility to a plan that had been in formation for a long time, but progressed under-
ground. The rupture with developmentism, a form of productivism for the use of 
so-called developing countries, was thus the foundation of this alternative project.

Are we therefore dealing with another economic paradigm contesting neo- 
classical orthodoxy, similar to what Keynesianism did back in the day? That is how 
some try to label it following Nicholas Georgescu-Roegen’s bioeconomy project. 
Clearly, other political economies are possible in a growth society. The so-called 
“trentes glorieuses”1 period (1945–1975) that saw the triumph of Keyneso-Fordist 
regulation is proof. Nonetheless, in a growth society without growth – which is the 
current situation of industrialized countries  – alternatives to neo-liberal inspired 
policies seem impossible without calling into question the economic system and/or 
exacerbating the ecological crisis.

In fact, it is a defiant slogan to break the soft consensus of submission to the 
dominant productivist order. The eponymous movement was born during the col-
loquium “Défaire le développement, refaire le monde2” (Undoing development, 
redoing the world) which was held in March 2002 at UNESCO, an intellectual 

1 English: The Glorious Thirty.
2 Proceedings published as Défaire le développement, refaire le monde, Parangon, Lyon, 2002.
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adventure that was reinforced a few months later by the birth of the newspaper that 
was its echo chamber. Degrowth quickly became the rallying cry of all those aspir-
ing to the construction of a true alternative to an environmentally and socially 
unsustainable consumption society, and from then on it was a performative fiction 
representing the need for a rupture with growth society and the birth of a frugally 
abundant one.

The degrowth project does not aim for another growth, nor for another kind of 
development (sustainable, social, fair, etc.), but rather for the construction of another 
society, a society of frugal abundance, a post-growth society (Paech 2012), or one 
of prosperity without growth (Jackson 2009). In other words, it is not an economic 
project from the outset, not even of another economy, but a societal project that 
implies an exit of economy as a reality and as imperialist discourse. The word 
degrowth from now on designates a complex alternative project with an undeniable 
analytical and political reach.

17.3  The Imposture of Growth as an Organic Metaphor

Growth is a natural phenomenon and, as such, is undisputed. The biological cycle 
of birth, development, maturation, decline and death of life and its reproduction are 
also a precondition for the survival of the human species, which needs to metabolize 
with its vegetal and animal environment. Mankind first celebrated the cosmic forces 
that ensured their well-being in the symbolic form of gratitude for this interdepen-
dence and their debt towards nature in this regard. The problem begins when the line 
between symbols and reality disappears.

While all human societies rightfully worshipped growth, only modern western 
civilization made it its religion. The product of capital, resulting from a trick or 
market deception and most often from exploitation of workers and predation of 
nature, is assimilated to the recovery of plants. The economic organism, that is the 
organization of the survival of society, is no longer in symbiosis with nature but 
rather exploits it mercilessly and must indefinitely grow, just like its fetish, capital. 
The reproduction of capital/economy combines fertility and regeneration, the inter-
est rate and the growth rate. This climax of economy/capital leads to consumer 
society’s fantasy of immortality. This is how growth societies are lived.

Growth society can be defined as a society dominated by a growth economy, and 
that tends to be absorbed by it. Hence growth for the sake of growth becomes the 
main or even the only objective of the economy and life. It is not about growing to 
satisfy recognized needs, which would be a good thing, but just growing to grow. 
Consumer society is the normal outcome of a growth society. It rests on triple 
unlimitation: unlimited production and thus of the harvesting of renewable and non- 
renewable sources, unlimited production of needs – and thus superfluous produc-
tion – and unlimited waste generation which leads to the emission of waste and 
pollution (of air, land and water).

17 The Path to Degrowth for a Sustainable Society
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In order to be sustainable and lasting, every society needs to set limits. But our 
society takes pride in being free of all constraints and chose excess. Admittedly, 
something in human nature motivates individuals to surpass themselves. This is 
both a strength and a threat. Thus all societies except for ours tried to channel this 
aspiration and to harness it for the common good. In fact, it is not detrimental when 
it is invested in things such as non-commodified sports. However, it becomes 
destructive when the impulse of greed (the constant quest for more) is left unchecked, 
as well as accumulation of merchandize and money. It is therefore necessary to find 
a sense of limits again, in order to ensure the survival of humanity and the planet. 
The point of degrowth is to escape from a society that was absorbed by the fetishism 
of growth. The decolonization of the imaginary is primordial to do so.

17.4  The Decolonization of the Imaginary

The idea and project of the decolonization of the imaginary have two main sources: 
on one hand, Cornélius Castoriadis’ philosophy, and on the other hand, the anthro-
pologic critic of imperialism. These two sources are naturally also at the origins of 
degrowth, just like ecological criticism. Castoriadis understandably places the 
emphasis on the imaginary, whereas the anthropologists of imperialism focus on 
decolonization. Coming back to these two sources allows us to coin the exact mean-
ing of the expression “decolonizing the imaginary”.

The use of this performative expression goes without saying in Castoriadis’ 
approach even though he never directly used it, to my knowledge. For the author of 
The imaginary institution of society (Castoriadis 1975), social reality is the imple-
mentation of imaginary meanings, in other words representations with mobilize 
affects. However, if growth and development are beliefs, and hence imaginary 
social meanings, just as progress and all the foundation categories of the economy, 
we need to change the imaginary in order to escape them, abolish them and move 
past them (the famous Hegelian Aufhebung).

The achievement of a degrowth society requires the decolonization of our imagi-
nary to really change the world, before changes in the world condemn us to it pain-
fully. This is the strict application of Castoriadis’ teaching. “What is required,” he 
notes, “is a new imaginary creation of previously unseen importance, a creation that 
would place at the center of human life meanings different from the expansion of 
production and consumption, that would set new life objectives that can be perceived 
as worthwhile by human beings […] This is the enormous difficulty we need to face. 
We should want a society where economic values are no longer central (or unique), 
where economy is relegated to its place as a simple means to human life rather than 
an ultimate end, where we refuse the race to constantly increased consumption. This 
is not only necessary to avoid the final destruction of the terrestrial environment, but 
also and most importantly to escape the psychic and moral misery of contemporary 
humans.” (Castoriadis 1996, p. 96). In other words, this much needed exit from sur-
modern consumer and show society is also extremely desirable.
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“But in order to have such a revolution,” adds Castoriadis, “deep changes need to 
occur in the psychosocial organization of the western man, in his attitude towards 
life, in short in his imaginary. The idea that the only goal in life is to produce and 
consume more – an idea both absurd and degrading – must be abandoned; the capi-
talist imaginary of a pseudo-rational pseudo-mastery, of unlimited expansion, must 
be abandoned. This can only be done by men and women. A single individual or an 
organization can only, at best, prepare, criticize and sketch possible directions” 
(Castoriadis 2005, p. 244).

Before attempting to plan an exit from the dominating imaginary, we must first 
return to the way we entered it, that is to the process of the economization of spirits 
simultaneous to the commodification of the world; in other words, an analysis of the 
way the economy was instituted in the modern western imaginary.3

The uprooting of a belief can readily be formulated through a decolonization 
metaphor in the analysis of North/South relations. The colonization term, com-
monly used by anti-imperialist anthropology about mentalities, can be found in the 
titles of several works. Octave Manonni probably led the way with his psychology 
of the colonized, but Gérard Althabe, a follower of Georges Balandier, more explic-
itly names his studies on Madagascar Oppression and liberation in the imaginary in 
1969. Most importantly, in 1988 Serge Gruzinski published The colonization of the 
imaginary, with a subtitle referring to the same westernizing process (Gruzinski 
1988). Nonetheless, when Gruzinski mentions the colonization of the imaginary, he 
is still referring to the colonization process in the strict sense of the term, in this case 
to the conversion of indigenous people by missionaries. The change of religion is 
both a deculturation of spirits and an acculturation to christianism and western civi-
lization within the frame of the imperialist project. This refers to true oppression in 
the imaginary, implemented not only with symbolic means if we remember the 
stakes of inquisition that were often used by Spanish conquerors in the new world.

With growth and development, we are facing a process of conversion of mentali-
ties, thus of an ideological and quasi-religious nature, aiming to institute the imagi-
nary of progress and the economy, whereas the rape of the imaginary, to use 
Aminata Traoré’s beautiful expression, stays symbolic (Traoré 2002). With the 
colonization of the imaginary in the West, we are dealing with a mental invasion of 
which we are both the victims and the agents. It is mainly an auto-colonization, 
partly voluntary slavery.

The expression “decolonization of the imaginary” creates a semantic slip. Its 
originality lies in the accent placed on the particular shape taken by the inverse 
process from the one analyzed by anthropologists. It consists of a software change 
or paradigm change or even a true revolution of the imaginary, as claimed by West 
Indian writer Edouard Glissant. It is first and foremost a cultural revolution, but also 
goes beyond that. It is about escaping the economy, changing values and thus 
 decolonizing ourselves. This is exactly the program that degrowth “supporters” are 
developing for the post-development project.

3 We tried to develop this in the book L’invention de l’économie (Latouche 2005).
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Getting out of the dominating or colonial imaginary is a central question both for 
Castoriadis and for anti-imperialist anthropologists, but it is a very difficult one 
because one cannot decide to change their imaginary and even less the imaginary of 
other people, especially if they are “addicted” to the drug of growth. The first though 
goes to education, paideïa, which plays a crucial role according to Castoriadis: 
“What is the meaning of, for example, liberty or the possibility for citizens partici-
pation, he asks, if the society we are discussing is lacking something – which is 
disappearing from contemporary discussions […] – which is paideia, the education 
of the citizen? It is not about teaching him arithmetic, it is about teaching him how 
to be a citizen. Nobody is born a citizen. And how do we become it? By learning to 
be it. We learn, first, by looking at the city we are in. And certainly not the television 
we watch today” (Castoriadis 2010, p. 96).

However, the withdrawal cure is only possible if degrowth society has already 
been achieved. We should first have exited consumer society and its “civic moroni-
zation” regime, which traps us in a cycle we must break. Denouncing aggressive 
advertising, the vehicle of today’s ideology, is certainly the starting point to escape 
what Castoriadis calls “televisual and consumerist onanism” (Castoriadis 2010, 
p. 194). The fact that the newspaper “La décroissance”4 came from the organization 
“Ad breakers” is not really due to chance, since advertisement is the main spring of 
growth society, and the growth objection movement is greatly and naturally linked 
to the resistance to aggressive advertising.

17.5  The Way Forward

Finally, degrowth is not the alternative, but rather a matrix of alternatives that 
reopens the human adventure to a plurality of destinies and the space of creativity, 
by lifting the lead blanket of economic totalitarianism. This is bout exiting the para-
digm of homo œconomicus or Marcuse’s one-dimensional man, the main source of 
planetary homogenization and the suicide of cultures. Consequently, the a-growth 
society will not be established the same way in Europe, in sub-saharan Africa or in 
Latin America, in Texas and in Chiapas, in Senegal and in Portugal. It is crucial to 
favor or rediscover diversity and pluralism. Therefore we cannot suggest a turnkey 
model of a degrowth society, but only an outline of the essentials for any non- 
productivist sustainable society, in addition to concrete examples of transition 
programs.

Nonetheless, transition programs will necessarily be reformist. Thus many 
“alternative” propositions that do not explicitly claim to support degrowth can find 
their place. In this way, degrowth is a general framework that gives meaning to 
many sectorial or local struggles and favors strategic compromises and tactical 
 alliances. Leaving the economic imaginary with nevertheless require concrete rup-
tures. It will be necessary to set rules that frame and limit the lack of control and 

4 Degrowth in French.
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greed of agents (chasing profit, always more): ecological and social protectionism, 
labor legislation, limitation of company sizes, etc. And first and foremost, the 
“decommodification” of the three fictitious merchandises, which are work, the 
earth, and currency, according to Karl Polanyi. Their removal from the globalized 
market would mark the starting point of a reincorporation/reembedding of eco-
nomic matters in social ones, while simultaneously fighting against the spirit of 
capitalism.

The redefinition of happiness as frugal abundance in a fair society that corre-
sponds to the rupture created by the degrowth project requires exiting the vicious 
circle of unlimited creation of needs and products and the increasing frustration it 
creates. Self-limitation is the condition to achieve prosperity without growth and 
thus avoid the collapse of human civilization.

The recent debates on the relevance of wealth indicators served as a reminder of 
the inconsistency of GDP (gross domestic product) as an indicator to measure well- 
being, while it is the untouchable functional fetish of growth society. We did not 
sufficiently notice in this occasion that it is the ontological inconsistency of the 
economy itself that is thus underlined. When we criticize GDP, we shake the very 
foundations of the belief in the economy or the economy as a belief. Economy as a 
discourse presupposes its object, economic life, which only exists as such because 
of it. In fact, regardless of the definition we give political economy, be it a classical 
one (production, distribution, consumption) or a neo-classical one (optimal alloca-
tion of rare resources for alternative use), the economy online exists when it presup-
poses itself. The specific field of practice and targeted theory can only be limited if 
wealth and the allocation of resources only concern the economy. Garry Becker is 
more coherent by stating that everything that is the object of a human desire is right-
fully part of the economy, but if everything is economical, then nothing is anymore. 
In this case the omni-quantification of social matters and the obsession with calcula-
tion it illustrates are only the result of a power grab, the one of the institution of 
capitalism as omnicommodification of the world.

The degrowth movement intends to oppose this transformation of the world into 
a commodity which was largely caused by globalization.

“But in order to have such a revolution,” adds Castoriadis, “deep changes need to occur in 
the psychosocial organization of the western man, in his attitude towards life, in short in his 
imaginary. The idea that the only goal in life is to produce and consume more – an idea both 
absurd and degrading – must be abandoned; the capitalist imaginary of a pseudo-rational 
pseudo-mastery, of unlimited expansion, must be abandoned. This can only be done by men 
and women. A single individual or an organization can only, at best, prepare, criticize and 
sketch possible directions.” (Castoriadis 2005, p. 244)

“What is the meaning of, for example, liberty or the possibility for citizens participation, he 
asks, if the society we are discussing is lacking something – which is disappearing from 
contemporary discussions […] – which is paideia, the education of the citizen? It is not 
about teaching him arithmetic, it is about teaching him how to be a citizen. Nobody is born 
a citizen. And how to we become it? By learning to be it. We learn, first, by looking at the 
city we are in. And certainly not the television we watch today.” (Castoriadis 2010, p. 96)
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Chapter 18   
Social Innovation Repair – The R.U.S.Z Case: 
A Systemic Approach Contributing 
to the Unplanned Obsolescence of Capitalism             

Sepp Eisenriegler and Greta Sparer

Abstract Repair and Service Centre R.U.S.Z (Reparatur- und Service-Zentrum 
R.U.S.Z) is a social business and a service for consumer protection and sustainabil-
ity. In 1998 it started as a work integration social enterprise for long-term unem-
ployed persons creating and using the business model of a sustainable repair shop. 
R.U.S.Z founded the success story Repair Network Vienna with some 80 SME 
members. It was among the initiators of the Austrian umbrella organization RepaNet 
and its EU equivalent RREUSE, which gather social enterprises with activities in 
re-use, repair and recycling. These networks help making advocacy work success-
ful. Today, R.U.S.Z is Austria’s biggest independent repair centre for electrical and 
electronic appliances for all kinds and brands and a centre of excellence for the fight 
against planned obsolescence, for consumer protection and social businesses. 
Moreover, R.U.S.Z is working for the transformation of the current linear economy 
into a circular economy.

R.U.S.Z’ primary objectives are resource efficiency and social inclusion. R.U.S.Z 
provides repair services for household appliances, consumer electronics and IT. It 
sells certified, high-quality used equipment as well as new washing machines that 
were diagnosed in the in-house R&D department as particularly durable and easily 
repairable. From 1998 to 2007, R.U.S.Z was commissioned by the Public 
Employment Service Austria (AMS). R.U.S.Z was successfully transformed into a 
not-for-profit private enterprise in 2008. Today, it operates on a cost-recovery basis 
and employs more than 20 former long-term unemployed people. R.U.S.Z has been 
leading many initiatives to replicate its model and also lifts the barriers it is facing, 
both in Austria and Europe by initiating changes in national and EU policies.

Keywords Growth driven economy • Planned obsolescence • Resource depletion • 
Circular economy • Repair services • Product service systems
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18.1  The Beginnings

R.U.S.Z (Reparatur- und Service-Zentrum) was founded in 1998  in Vienna as a 
social economy enterprise1 for reintegrating long-term unemployed persons and 
other people at risk into the labour market. Initially, the project was commissioned 
by the Austrian Public Employment Service (AMS) and supported by the Vienna 
Adult Education (VHS), the Environmental Counselling Vienna (Umweltberatung 
Wien), the Viennese Municipality (MA 48) and the European Union. R.U.S.Z 
started its activities with 12 people at risk who got working contracts limited up to 
12 months (temporary workers), two administrative employees and one qualified 
social education worker. The temporary workers included long-term unemployed 
persons, persons with disabilities and former offenders. Most of them were men 
over 45 years of age.

All repair activities were carried out by the temporary workers. This was only 
possible because some of them were already trained technicians who could train the 
others, who in turn would train newcomers. Therefore, it was one of the important 
gains of R.U.S.Z when the first technicians got permanent contracts in 1999. For 
every temporary worker who became a permanent staff member, four new tempo-
rary workers had to be employed, following the guidelines of AMS.

Regarding operational activities, the original intention was to offer repaired 
second- life washing machines and dishwashers to socially deprived households and 
to service and repair these devices exclusively. But the initiative was so well received 
by the citizens of Vienna, that they soon started lining up in front of the repair shop 
with their vacuum cleaners, TVs, hairdryers and other appliances that they had 
stored in their garages and attics. They all appreciated the unique offer of having 
electronic and electrical appliances of all kinds repaired at reasonable prices and the 
R.U.S.Z team was more than happy to meet this demand.

Coming from a public environmental counselling agency (Umweltberatung 
Wien) which he had initiated in 1988, R.U.S.Z founder and CEO Sepp Eisenriegler 
had put the focus on prolonging the lives of electrical and electronic appliances and 
thereby conserving resources and reducing the e-waste of private households. The 
support of the previously mentioned institutions allowed R.U.S.Z to operate at 
prices below the market price. Therefore, R.U.S.Z not only created job opportuni-
ties for the long-term unemployed, but also offered repair services for those who 
would not have been able to afford it otherwise. The latter would have been forced 
to throw away possibly repairable devices, and in exchange they would have prob-
ably chosen a new and affordable, but low-quality device of short durability, hereby 
creating more waste of resources and e-waste in the near future.

1 In Austria, a social economy enterprise is a project commissioned by the Public Employment 
Service Austria (AMS) that serves the purpose of taking over outsourced AMS duties and respon-
sibilities by offering trainings to people at risk at the labour market aiming at reintegrating them 
into regular jobs. Social economy enterprises are an important instrument of active labour market 
policy in Austria.
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After 1 year of activity, the business was flourishing, but R.U.S.Z was also over-
whelmed by the volume and variety of repair-requests; for example, the increas-
ingly famous repair shop received a request to repair an auxiliary motor of a sailing 
yacht. As a solution, R.U.S.Z founded the Vienna Repair Network (ReparaturNetzWerk 
Wien) together with 12 smaller repair businesses in the area in 1999. Today, the 
network contains more than 80 small and medium enterprises (SMEs) which repair 
all kinds of electrical and electronic devices and other household goods.

R.U.S.Z was among the initiators of the European umbrella organization 
RREUSE (1999) and its Austrian equivalent RepaNet (2004) two lobby organisa-
tions for durability, reparability and re-use of products like electrical and electronic 
equipment, textiles, furniture and building materials.

In its early years R.U.S.Z already became a respected institution for repair ser-
vices and repair standards. In 2005, R.U.S.Z created the “Ö3 Wundertüte”, the most 
successful mobile phone collection system in the world, in cooperation with Ö3 (the 
most widely heard radio station in Austria) and Caritas Austria. From 2006 to 2007, 
experts from R.U.S.Z developed the Austrian standard ONR 192102 “Sustainability 
mark for electric and electronic appliances designed for easy repair (white and 
brown goods)” (Austrian Standards 2006) in cooperation with the Ministry for 
Agriculture, Forestry, Environment and Water Management, the Austrian Standards 
Institute and other partners.

18.2  Transformation into a Private Limited Enterprise 
and Years of Struggle

By the end of 2007, R.U.S.Z had become a well-known repair shop and a retailer of 
second-life electrical and electronic devices. By then, R.U.S.Z had grown to a 
remarkable size employing 124 temporary workers and permanent staff (88 tempo-
rary and 36 permanent). Over the years it had employed around 450 temporary 
workers. More than 300 of them were placed into regular jobs.

The year 2008 brought some big changes to R.U.S.Z. The long-term partnership 
with the Austrian Public Employment Service (AMS) ended, which was not only a 
major change in the organisation’s setup but also heavily influenced R.U.S.Z in its 
today’s shape. Ten one-year contracts with the AMS had been signed and fulfilled. 
The main reason for the end of the cooperation was a crucial change in strategy by 
the AMS. At this point it was communicated that cutting the costs of the temporary 
work places would be prioritized over the employment of people at risk. As a con-
sequence, R.U.S.Z would have had to reduce the overall costs and additionally, the 
maximum training period was cut down from 12 to 6 months. The short amount of 
time that a temporary worker would now have spent in R.U.S.Z would not have suf-
ficed to train a person effectively and making him or her employable.

Instead of giving up its activities, as many other social economy enterprises did 
at the time, R.U.S.Z was transformed from a VHS project into an association and its 

18 Social Innovation Repair – The R.U.S.Z Case: A Systemic Approach Contributing…



290

activities were carried out on a not-for-profit basis. Since then, R.U.S.Z has taken 
part in numerous public and private social initiatives and projects. R.U.S.Z received 
several awards, including the Energy Globe Austria Award 2008, the Austrian 
Climate Protection Award 2009 (Klimaschutzpreis), the Innovation Price “Ideas 
Against Poverty” 2009 (“Ideen gegen Armut”), the Viennese Award for Environmental 
Protection 2012 (Wiener Umweltschutzpreis) and the famous Austrian CSR award 
TRIGOS 2017 in the category Social Entrepreneurship. In 2014, the CEO was deco-
rated with the Golden Merit-Medal of the Federal State of Vienna.

In 2011 R.U.S.Z Ltd., held by CEO Sepp Eisenriegler (52%) and three employ-
ees (48%), was founded as a not-for-profit enterprise with the core business of 
repairing electrical and electronic devices and the sale of second life products. Since 
then the association R.U.S.Z – Association for the Promotion of Social Economy 
(R.U.S.Z – Verein zur Förderung der Sozialwirtschaft) is in charge of research and 
development, product testing and the development and acquisition of new projects.

The first years after the privatization of R.U.S.Z were also the hardest in the busi-
ness’s history. After having to give up the public funding of the early years as a work 
integration social economy enterprise, a severe increase in the prices for repair ser-
vices and second hand products was unavoidable in order to cover costs. Since then, 
R.U.S.Z’ CEO has intensified his media campaigns and is, as an expert for repara-
bility of electronic and electrical devices and planned obsolescence, a frequent 
guest and interview partner for various Austrian TV and radio channels, newspapers 
and magazines. As a consequence, R.U.S.Z is now recognized by many citizens as 
a centre of excellence not only for repair, but also for political activism against 
planned obsolescence and for resource efficiency. The number of sympathisers and 
the customer base have grown. In 2014, the seventh year after privatization, the 
company performed cost-effectively for the first time.

Even in the years of struggle, R.U.S.Z stayed faithful to its initial mission and 
exclusively employed formerly unemployed persons, and it still does today with 
few exceptions. Long-term unemployed can join R.U.S.Z as trainees for 3 months. 
If possible and feasible, they are then employed. The second part of R.U.S.Z’ social 
mission is to find the economically best solution for every customer while saving 
resources. R.U.S.Z employees always advise customers to repair a device rather 
than throw it away and buy a new one, which is usually more expensive in the long 
run. One of the broader goals has always been to raise awareness amongst custom-
ers and the general public regarding the so-called planned obsolescence of elec-
tronic and electrical devices. Today, R.U.S.Z is the biggest independent and most 
well-known repair service in Vienna, and its awareness raising media campaigns 
reach out to all of Austria, and even enters other European member states and 
Switzerland at times. CEO Sepp Eisenriegler is member of various EU committees 
and is frequently invited by consumer initiatives as an expert for reparability and 
longevity of electronic and electrical devices and planned obsolescence.

In 2014, when the first surplus became available, a position for product testing 
was created with the objective of testing the reparability of various electrical device 
categories. The same year, the above mentioned unique Austrian standard on 
 durable, easily repairable electrical and electronic equipment was updated and rede-
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fined (ONR 192102:2014 Label of Excellence for Durable, Repair-friendly 
Designed Electrical and Electronic Appliances) (Austrian Standards 2014). This is 
an internationally unique standard for household appliances and consumer electron-
ics. It still is the first benchmark for durability and also includes guidelines for the 
construction of appliances that allow repair services at reasonable prices. It consists 
of 93 mandatory and voluntary criteria. For example, an appliance must be easy to 
open and disassemble. Instead of gluing and welding joints together, screws and 
snap connections must be used in order to fulfil the criteria. The components must 
be standardised and spare parts must be available for an additional 10 years. The 
access to blueprints and other appliance service documents must be easily available 
to independent repair shops. Otherwise the search for information will be too time- 
consuming and can make the repair much more expensive or only possible through 
a small number of manufacturer approved service partners. The standard was used 
to test 28 new washing machines in 2015 and 40 vacuum cleaners in 2016. The 
results of these tests show that newer products tend to be less repairable than older 
generation products of the same brands. The trend of the last 10–15 years of new 
electronic and electrical appliances being less durable than their older counterparts 
becomes obvious in R.U.S.Z’ everyday activities.

In the first years of the initiative, social inclusion was the main focus of R.U.S.Z 
and the long-term environmental approach was secondary to this. Today the social 
side of the business focuses on training people (mostly former long-term unem-
ployed) and employing them, if possible, for an unlimited period of time, while at 
the same time advocating for resource efficiency and the circular economy on the 
national and the EU levels. In this way, R.U.S.Z has turned into a centre of excel-
lence for the economic interests of repair shops, e.g. shifting taxes from labour- 
intense work to critical resources (environmental tax reform), fighting planned 
obsolescence, lobbying for reparability of new electronic and electrical devices and 
the disclosure of diagnosis software codes which are necessary for certain repairs, 
but also for resource efficiency and the circular economy.

R.U.S.Z also advocates for a mandatory warranty that reflects the promise made 
by the producers regarding the longevity of devices. Producers of high end appliances 
would gain market shares if they communicated, for example, a five-to-ten- year full 
guarantee to consumers. As a consequence, producers of low-quality products would 
have an incentive to improve the durability and reparability of their products (Alt 
et al. 2015). Together with an industrial supply of product service systems this range 
of requirements would lead to a sustainable, resource efficient economy.

18.3  R.U.S.Z as a Social Innovation and Its Socially 
Innovative Projects

R.U.S.Z is regarded as a social innovation (CASI 2016; Brunauer and Schartinger 
2016). Several aspects of the business contributed to this perception.

18 Social Innovation Repair – The R.U.S.Z Case: A Systemic Approach Contributing…
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18.3.1  Services and Processes

R.U.S.Z aims to connect social and ecological requirements by bringing back to life 
technical goods and re-integrating people at risk into the labour market. It creates 
jobs for unemployed people and qualifies them as professional technicians. 
Moreover, R.U.S.Z contributes to resource conservation and prevention of (hazard-
ous) waste (CASI 2016).

18.3.2  Degree of Innovation

Customer services of manufacturers today are hardly considered anything more 
than an external marketing unit. Various TV contributions with hidden cameras2 
have shown that very often, a service technician will come into a customer’s home, 
take a look at the product to be repaired, and state that it would cost way too much 
to repair it and that, if they buy a new product instead, they can even save the costs 
of this diagnosis. In this market situation a serious, forceful repair service is a quite 
radical change and even a threat to the status quo.

R.U.S.Z has had a high success rate for the reintegration of long-term unem-
ployed people back into society from 1998 until 2007. These individuals were 
trained to be service technicians and received assistance for financial and social 
issues, e.g. declaring private bankruptcy and finding new housing. Most of the peo-
ple trained at R.U.S.Z were men over the age of 45, and in some cases immigrants 
and ex-offenders were trained while finding themselves in very challenging life 
situations. These people got the chance to start over again, which in the experience 
of the R.U.S.Z team is very empowering: 71 percent of R.U.S.Z temporary workers 
have been re-integrated into the labour market and thus into society. Nowadays 
R.U.S.Z does that at a smaller scale: the business provides practical training for 16 
long-term unemployed people and apprentices per year, free of charge (CASI 2016).

2 Reparaturdienste im Test:
PULS 4: SUPERNOWAK! Waschmaschinentest 10.5.2016: (https://www.youtube.com/

watch?v=2bWDUkocLnM)
PULS 4: SUPERNOWAK! Geschirrspülertest 05.11.2015 (https://www.youtube.com/

watch?v=gtDijkwwnSg)
ATV: DER GROSSE ÖSTERREICH TEST: Waschmaschinentest 02.03.2015 (https://www.

youtube.com/watch?v=U9Py3pKlrXo)
ATV: DER GROSSE ÖSTERREICH TEST – Reparaturtest Flat-TV 25.11.2013 (https://www.

youtube.com/watch?v=F2VZqHeD06Y).
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18.3.3  Recent Social Innovations

Since 2010, R.U.S.Z makes use of the know-how it gained from the mobile-phone- 
collection project “Ö3-Wundertüte” and collects household appliances donated by 
private households. The resource efficiency project Donate Your Old Washing 
Machine  – The Environmentally Sound and Social Reallocation of Household 
Appliances3 enables the in-house accredited Re-Use Center to refurbish and sell 
some 1.000 high end, second-life products per year. The products are good for 
another 10 years, and sold at prices comparable to new low-quality devices which 
in most cases are dead after 3–5 years. In addition to contributing to resource effi-
ciency and climate protection (53 percent of environmental impact is due to produc-
tion and distribution), the donation program enables R.U.S.Z to offer additional jobs 
for former long-term unemployed.

In 2010 and 2011, the in-house R&D unit developed the so-called “Tuning of 
Washing Machines”, a technical innovation to increase the energy efficiency of old 
washing machines from category C to A. This helps save energy and resources and 
creates new jobs in the EU, instead of enhancing the shift of production to the Far 
East, where much of the fully automated production takes place. Moreover, it shows 
that resource efficiency and energy efficiency do not contradict each other. The 
disputable alternative is to buy a new supposedly energy efficient device and to 
dispose of the old one.

In 2012 R.U.S.Z started a media campaign against planned obsolescence. In the 
following years, some 500 awareness-raising newspaper articles and TV contribu-
tions were launched.

The Austrian Public Employment Service (AMS) commissioned R.U.S.Z in 
2013 to perform “StarGate”, a vocational training program at R.U.S.Z for mecha-
tronic engineers who have quit their primary education before graduation. This 
innovative pilot project proposed by AMS ended after 1 year, as AMS could not 
provide enough trainees. Nevertheless 55 percent of the trainees succeeded in final-
izing their education within 1 year.

Since January 2014, the in-house repair-café “schraube14” takes place on a 
weekly basis and empowers consumers to repair their electrical and electronic 
appliances. On average, 25 customers are helped free of charge to generate DIY- 
repairs with a success rate of 65 percent. The customers get professional advice, 
tools and coffee for free.

The product-service system “Clean Laundry” is offered since February 2016. 
Thirty-five washing machines and dryers are currently rented on an unlimited basis 
to private households and a refugee camp. A product-service system is a competitive 
system of products, services, supporting networks and infrastructure. The system 
includes product maintenance, parts recycling and product replacement, which sat-

3 “Spenden Sie Ihre alte Waschmaschine – Die ökosoziale Umverteilung von Haushaltsgeräten.”
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isfy customer needs competitively and with lower environmental impact over the 
life cycle. If producers of household appliances made their profits by renting their 
products, consumers could rely on the intrinsic incentive of manufacturers to design 
durable, repairable products.

18.4  Conclusion and Outlook

Since 1998, R.U.S.Z has been able to build its reputation as a reliable partner in 
repairs of electronic and electrical appliances, re-use and social entrepreneurship 
both in the eyes of customers as well as in those of other organisations and the gen-
eral public. For many years, R.U.S.Z has now been a pro-active actor in the field of 
resource efficiency. Its corporate responsibility is therefore not only directed 
towards its close sphere of activity, but to a growing sphere of influence e.g. in 
national and EU politics.

In the years to come, R.U.S.Z will be part of the shift in paradigm of the eco-
nomic system of the EU towards a circular economy. Currently, the R.U.S.Z CEO is 
leader of the Austrian delegation to the CEN-CENELEC4 Joint Technical Committee 
10 “Energy related products – Material efficiency aspects for eco-design”. The tech-
nical committee is commissioned by the European Commission until 2019 to 
develop standards for durable, repairable and re-usable products which will be cru-
cial to put the Circular Economy Concept in place. These standards will find their 
way into European legislation and improve the Eco-Design Directive which cur-
rently is a mere energy efficiency directive.

Social franchising of the general business model of R.U.S.Z or parts of it are 
going to be offered soon. At the moment R.U.S.Z is working on the reality check of 
its social franchising handbook by developing a new branch in the city of Graz in 
southern Austria.
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Chapter 19
Resource Efficiency in the Building Sector

Klaus Dosch

Abstract Endeavours towards resource-efficient and climate friendly construction 
seem to be reaching their limits. The current approaches, which focus on continual 
reductions in heating energy consumption, are leading to increasingly elaborate 
insulation measures and complex air-tight buildings. Further improvements can 
only be realized in the scope of the building’s lifecycle. Factor X offers a pragmatic 
approach by reducing the consumption of non-renewable raw materials, non- 
renewable energy and the emission of greenhouse gases throughout the building’s 
entire life cycle, resulting in significant improvements in comparison with other 
strategies employed to date. This concept has already been put into practice in two 
small residential areas in Inden and Eschweiler (North Rhine-Westphalia, Germany), 
and the first positive experiences with building contractors and related companies 
have been gathered.

Keywords Building sector • Residential areas • Energy Saving Ordinance • 
Construction costs • Marginal costs • Life cycle • Marginal energy savings • 
Ecological rucksacks • Factor 4 house • Resource-efficient construction • Klimaexpo 
NRW • Faktor X Agentur

19.1  Background

Building and habitation result in the highest rate of material exchange between 
nature and the anthroposphere worldwide, cf. UNEP (2011), Herczeg et al. (2014). 
Raw materials are extracted, transported and processed to make construction mate-
rials. During the extraction process the natural environment is destroyed, energy is 
consumed and waste products are expelled to the environment. Green spaces are 
converted into residential areas and energy is consumed when the buildings are 
inhabited.
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Reducing building energy consumption in the building sector has been a goal of 
in German politics for some time.

The first thermal insulation regulations in Germany (Wärmeschutzverordnung, 
WSVO) came into force as early as 1977. This saw the first capping of energy con-
sumption specifically for the building’s use phase. Since then the permissible upper 
consumption limits have been continually adjusted. The latest Energy Saving 
Ordinance (Energieeinsparverordnung, EnEV) from 2016 reduces the required 
energy consumption during the building’s use phase by almost 87% of the theoreti-
cal maximum reduction (cf. Fig. 19.1). The European Unions (EU) directives on 
Energy Efficiency and Energy Performance of Buildings Directive have a similar 
goal, cf. EU (2010), EU (2012).

However, in view of the material expenditure involved in sufficiently insulating 
the outer shell of a building in order to reach this goal, the continual reduction of 
energy consumption limits proves to be inefficient. At approximately half of the 
theoretically possible energy savings, the insulation effort required increases dis-
proportionally to the benefits. The marginal energy savings from each centimetre of 
additional insulation begin to decrease drastically above an insulation thickness of 
5 cm (cf. Fig. 19.2).

Furthermore, the construction costs increase dramatically for reaching this 
degree of insulation in the building. The necessary thermal insulation can only be 
reached by installing mechanical ventilation systems and only if the building is 
planned and built to be completely air tight. The actual behaviour of the user also 
plays a crucial role as windows must not be opened during the heating phase.

In this context a further tightening of building energy consumption requirements 
should be viewed extremely critically. In other words: if buildings are to reach 
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energy savings beyond those currently attainable in new buildings, other potential 
sources of energy savings must be unlocked.

In addition to reductions in energy consumption, the production of renewable 
energy through photovoltaic or solar-thermal collectors can also be pursued. The 
current energy saving regulations only consider these energy sources in terms of the 
energy balance. The energy produced is deducted from the building’s annual energy 
consumption. However, this does not reflect the actual energy flow. During the sun-
nier periods, from April to September, the building’s energy requirement can be 
sustained by the energy yielded from photovoltaic or solar-thermal collectors. 
Surplus energy is produced but this cannot yet be stored to any significant extent for 
the low-radiation times of the year. External energy sources are thus required for 
heating and warm water in the low radiation months from October to March. It is 
therefore possible for an energy neutral or even a plus energy house on the balance 
sheet to still require an additional energy supply in low-radiation months. This fact 
is largely ignored in current legislation (Fig. 19.3).

Measures to improve energy efficiency currently only consider the building’s use 
phase. But before the building is put into use, building materials need to be pro-
duced which requires the extraction, transport and manufacturing of raw materials 
into construction materials, which subsequently need to be transported to the con-
struction site. In modern buildings this phase of a building’s life cycle uses 30–75% 
of the total energy consumed during the building’s entire life span. If the building 
needs to be renovated due to a change in its intended use or a defect technology 
needs to be replaced, the energy expenditure is even higher. At the end of the life 
cycle the building may be demolished, which also requires energy.
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19.2  The Factor X Approach

The decreasing marginal energy savings associated with additional insulation mea-
sures and the lack of options for storing surplus energy in high-radiation periods 
indicate that it is necessary to develop and utilize other potential methods of climate 
protection. If construction work and the renovation of existing buildings are to con-
tribute to improved climate protection, then the consumption of non-renewable 
energy, the emission of greenhouse gases and the consumption of non-renewable 
raw material must be reduced over the complete building life cycle. As only low 
marginal energy savings result from improvements during the building’s use phase, 
the boundaries of the system must be are widened considerably (cf. Fig. 19.4).

The Energy Saving Ordinance considers only the use phase of the building. 
Factor X extends the system boundaries to include energy production, the produc-
tion of construction materials, the construction phase, maintenance, repairs and 
renovation as well as building demolition and all related transportation.

Within the extended system boundaries, non-renewable primary energy, green-
house gas emissions and the consumption of non-renewable raw materials as well 
the related ecological rucksacks are considered.

In order this extension of the system boundaries to be widely applied, the system 
needs to be easily accessible for users from the construction industry. It is crucial to 
consider reductions in resource consumption early on in the planning process. 
Due to the high amount of effort involved in assessing a building’s environmental 
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 balance—as required by the sustainable building process of the Deutschen 
Gesellschaft Nachhaltiges Bauen (DGNB) (German Society of Sustainable 
Construction) or the German Federal Institute for Research on Building, Urban 
Affairs and Spatial Development—an assessment is generally not drawn up until 
finalising the planning details or after the building work has been completed for the 
purpose of applying for a sustainability certificate.

Since the summer of 2016, the Factor X approach has been tested in two new 
build residential areas between Aachen and Düren. In Inden-Seeviertel and 
Eschweiler-Dürwiß two building sites each with approximately 40 structures are 
currently under construction. The only criteria (apart from the 2016 legally appli-
cable Energy Saving Ordinance) is the application of a Factor 2. Over a defined time 
period of 50  years, the buildings may only consume 50% of the non-renewable 
energy and non-renewable resources and may only emit 50% of the greenhouse 
gases compared to conventional construction. The system boundaries were extended 
as shown in Fig. 19.4.

In order to make this method accessible to a wide user group, ranging from archi-
tects to interested building contractors, an Excel tool was developed to help estimate 
resource consumption involved in the main features of the house at a very early 
stage in the planning.

Fig. 19.4 System boundary of factor-x (Source: Author)
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A Factor 4 house was also constructed. In the three resource categories non- 
renewable embodied energy, non-renewable raw material and greenhouse gases, 
this optimised building achieves a maximum consumption of 25% compared to a 
similar conventional building. The fundamental principles for resource-efficient 
construction, such as lightweight construction, abstaining from concrete materials, 
recycling-oriented building, the use of renewable construction materials and allow-
ances for easy changes in usage through a modular and marketable design, were all 
implemented (Fig. 19.5).

All three projects have been or are being considered for an award from the 
Klimaexpo NRW (www.klimaexpo.nrw.de) as pioneering climate protection 
projects.

From January 2017 the Faktor X Agentur located at the indeland 
Entwicklungsgesellschaft in Düren will focus on promoting this holistic approach 
to climate and resource conservation on a regional and national scale.
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Chapter 20
Eco Efficiency and Circular Production: Cases 
from the Netherlands’ Eastern Region

Frank A.G. den Butter and Harry A.A.M. Webers

Abstract This chapter discusses three case studies of circular production in the 
eastern region of the Netherlands, where the Dutch Hanse tradition of craftsmanship 
and family business links up with modernity and care for the environment. The main 
goal of the firms in our case studies is to prevent waste and to use recycled and 
non- fossil resources in their own production processes. Moreover, attention is paid 
to the circularity of the whole supply chain by acting as orchestrator of that chain. 
Government should support these firms by facilitating knowledge spill-overs, provid-
ing proper education and internalising the positive externalities that the strategies of 
these firms bring about in terms of the circular economy and sustainability.

Keywords Hanse tradition • Circular economy • Sustainability • Eco efficiency • 
Waste reduction • Supply chain orchestration • Recycling and reuse

20.1  Introduction

The report ‘Limits to Growth’, published in 1972 by the Club of Rome, created 
awareness that further exponential economic and population growth with finite 
resources would eventually be harmful to welfare. The vision of the Brundtland 
Commission in 1987 shifted the focus to the environment and emphasised the trade- 
off between current and future economic growth, or alternatively the trade-off 
between people, planet and profit. The argument is that environmental degradation 
should be stopped in order to make (economic) development sustainable. The 
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Brundtland Commission (1987, Ch 2) defined sustainable development as ‘develop-
ment that meets the needs of the present without compromising the ability of future 
generations to meet their own needs’. This definition introduced intergenerational 
equity as a point of concern. Later the concept of sustainability was operationalised 
in various policy proposals and treaties. For instance, on 25 September 2015, the 
United Nations launched a new Sustainable Development Agenda with 17 
Sustainable Development Goals to end poverty, protect the planet and ensure peace 
and prosperity for all. To reach these ambitious goals all groups in society need to 
take responsibility: government, the private sector, industry and civil society.

A practical approach to bring about sustainability is to aim for circularity in the 
supply chain. Here circularity means that all resources used in the production pro-
cess are recycled and used again, so that no waste is left to pollute and degrade the 
environment. At the macro level such circularity would lead to a ‘circular economy’.

In September 2016, the Dutch Government published the report ‘Rijksbrede 
Programma Circulaire Economie’, which sets forth the aim that by the year 2050 
the Dutch economy should be completely circular (Dutch Ministry of Infrastructure 
and Environment 2016). It is an ambitious policy perspective for a future-proof and 
sustainable economy and a liveable planet. The ambition of the Dutch Government 
is to reduce the use of natural resources (minerals, fossils and metals) by 50% in the 
year 2030. The circular economy is regarded to provide a solid basis for resource 
efficiency, increasing the lifetime of products and materials and fostering ecological 
values. The Dutch government is not unique in its ambition for a circular economy. 
The European Commission (2015), the United Nations (2015), Scotland and Finland 
have made similar policy plans for circularity in their economies (Scottish 
Government 2016; SITRA Studies 100 2015).

This chapter discusses how circular production is implemented in the eastern 
region of the Netherlands. The remainder of the chapter is organised as follows. The 
next section provides an overview of economic activity in this part of the Netherlands, 
with special emphasis on eight centuries of the regional Hanse tradition of 
craftsmanship and trade. Section 20.3 outlines a theoretical framework, inspired by 
neoclassical growth theory, for how sustainability, eco efficiency and the circular 
economy can function from the perspective of supply chain management. In Sects. 
20.4, 20.5 and 20.6 these concepts are illustrated using practical cases of the pro-
duction processes in three companies in the eastern region of the Netherlands. 
Section 20.7 concludes.

20.2  Economy in the Eastern Region of the Netherlands: 
Overview

Many cities on the banks of the river IJssel in the eastern part of The Netherlands 
played an active role in the German Hanse, the history of which can be traced back 
to 1241 when the first trade contract between Hamburg and Lübeck was signed. The 
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Hanse was a commercial federation of cities that dominated trade in the north of 
Western Europe for almost four centuries, and it still exists today. The river IJssel 
was an important water connection between the German hinterland and the Southern 
Sea, providing access to both the North Sea and the Baltic Sea. This geographical 
location stimulated 20 Dutch Hanse cities to act as intermediaries in the trade 
between the German and Baltic hinterland and the rest of the world (see Webers 
2015).

In modern terms one could argue that the Dutch Hanse cities were intermediaries 
between the Rhineland model and the Anglo-Saxon model of trade. A characteristic 
of the Rhineland model, as opposed to the Anglo-Saxon model, is the use of infor-
mal contacts, i.e., mutual trust through long lasting trade relationships and intrinsic 
motivation to cooperate, which played a major role. This is reminiscent of the 
famous ‘polder model’, that reflects the Dutch culture of open dialogue, interactive 
consultation, deliberation and participation. In this way of organising transactions 
and obtaining compromises between various interests, the implementation costs of 
effectuating decisions remain low. In this cultural setting trust based informal con-
tracts may replace costly formal contracts such as those used traditionally in the 
Anglo-Saxon world (see den Butter and Mosch 2003; den Butter 2011).

This Hanse history, coupled with a tradition of craftsmanship in the regional 
industry which includes family businesses with a long term focus on continuity and 
decision making, has prompted the ambition of the eastern Netherlands to become 
a circular economy hotspot in Europe. The innovation profile of the region com-
prises two priorities: smart and sustainable industries (smart manufacturing and 
materials, smart food production and biobased production) and concepts for a 
healthy life (healthy technology and delivery systems, healthy brain and person-
alised health and nutrition).

In the eastern Netherlands region three initiatives have been undertaken:

 1. The foundation kiEMT, which was founded in 2005 and has 230 participants 
from industry, academic institutions and government, represents the innovation 
ecosystem EMT Valley (Energy and Environmental Technology Valley Eastern 
Netherlands). The EMT-sector comprises 1,400 companies, 30,000 jobs, 20,000 
students; it has 2.2 billion Euros of added value, 73% of the companies are inno-
vative and 76% are internationally oriented. EMT supports start-ups, cross overs 
and clusters, international collaboration (Nordrhein Westfalen) and has as its 
core activities: energy transition as well as the biobased and circular economy 
(Foundation kiEMT, VNO NCW 2015, 2016).

 2. The Cleantech Region Stedendriehoek consists of seven municipalities 
(Apeldoorn, Brummen, Deventer, Epe, Lochem, Voorst, Zutphen) with a total of 
400,000 inhabitants. The Strategic Board of the Cleantech Region chose clean-
tech as a major priority, setting forth the goal to be energy neutral in the year 
2030.

 3. Project Circles (Cluster for Innovation, Redesign of Value Chains and other 
Circular Lifestyle Economy Solutions) is a Triple Helix collaboration with 12 
partners. In this project 65 business meetings are programmed with the support 
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of 146 companies. The plan is to make 35 business cases including the three 
circular economy pilot project cases reported in Sects. 20.4, 20.5 and 20.6.

20.3  Theoretical Framework

This section contains a stylized framework that illustrates the linkages between the 
concepts of eco efficiency, circular production and sustainability. The framework is 
used in the subsequent sections dealing with the cases to clarify which concepts are 
relevant and to what extent the firm in each case aims at achieving eco efficiency, 
circularity and sustainability.

We start with the traditional neo-classical production function from the theory of 
economic growth where volume y is produced with factor inputs labour (L), capital 
(K) and environment—or in practical cases energy—(E), which is included as an 
additional factor input to account for environmental issues in the analysis (see e.g. 
Hallegatte et al. 2012; den Butter and Hofkes 2001, 2006; Smulders and Withagen 
2012):

 
y af bK cL dE= ( ), ,

 

Here a, b, c and d represent various forms of technical progress, induced for instance 
by innovation. The parameter a is neutral technical progress; an increase in a implies 
that the whole production process becomes more efficient such that a higher volume 
of production y is achieved at the same factor inputs K, L, and E. The parameter b 
represents capital saving technical progress, c is labour saving technical progress 
and d is environment (or energy) saving technical progress. In the case of environ-
mental issues, it is especially this last form of technical progress that is relevant. 
When, for instance, d increases due to a new, innovative environment saving tech-
nology, the same volume of y can be produced using less E. The consequence of this 
increase in eco efficiency, d, is that the environment or energy share in production, 
E/y, decreases. In other words, an increase in eco efficiency leads to a lower impact 
on the environment. However, enhancing eco efficiency is not the only way to 
decrease the environmental impact of production. When in the production process 
the use of E is reduced due to substitution of K and/or L, E/y also deceases without 
a change in eco efficiency. Such substitution of factor inputs leading to a cleaner 
environment (or to less energy use) can be brought about by a relative change in the 
prices of the factor inputs, for instance by a tax shift from labour to environment/
energy. Such a tax shift may, by the way, also imply that more effort is given to 
environment saving technical progress, d, and less to labour saving technical prog-
ress, c.

In order to include the concepts of circular economy and sustainability in the 
framework, we have to make a distinction between extractive use of the environ-
ment and renewable use of the environment (see den Butter and Hofkes 1995 for a 
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related approach). To keep the discussion simple we can think of the use of fossil 
energy, Ef, and of renewable energy, Er. Moreover, we must account for waste, W, 
caused by production and for the reuse of this waste in the production process, Wi, 
which is considered as an additional factor input. Now the framework reads:

 
y a f bK cL d E d E d Wf r i= ( ), , , ,1 2 3 ,

 
(20.1)

and

 W wy=  (20.2)

Here the parameters d1 and d2 represent the fossil energy saving technical progress 
and the renewable energy saving technical progress, respectively. At the macro level 
these two forms of technical progress may, however, not be independent, as the use 
of renewable energy may require use of the fossil energy, or more broadly, of non- 
renewable resources in order to enable production of renewable energy through 
investing in, e.g., windmills, solar panels and related infrastructure. A shift from 
fossil energy to renewable energy can be brought about by price changes where fos-
sil energy is made more expensive through taxation and renewable energy is made 
cheaper through direct subsidies or through subsidising innovations in the produc-
tion and use (d2) of renewable energy. However, in both cases there is the danger of 
the green paradox, as the owners of sources of fossil energy understand that prices 
of renewable energy will go down when subsidized technology progresses (Sinn 
2015; van der Ploeg and Withagen 2015). For this reason fossil fuel firms will lower 
the price of fossil energy and spur demand, which may lead to more instead of less 
pollution.

The parameter w in the above framework represents the extent to which 
production of y brings about waste. In order to make production more sustainable 
and circular, w can be decreased by extending the life of products, through reuse and 
making products easier to repair and by restrictions on packing and waste disposal. 
Moreover, the use of waste in production can be made more efficient, which trans-
lates in the framework as an increase in parameter d3. Examples of this include 
innovations in recycling technology and employing production processes which use 
recycled materials. It can be viewed as a special case of enhancing eco efficiency

The framework above allows for the following taxonomy of circularity and sus-
tainability. Wi/W can be regarded as the degree of circularity. If Wi/W  =  1, i.e., 
Wi  =  W, we have a fully circular production process, and a full-fledged circular 
economy at the macro level. Full sustainability is obtained when both Wi = W and 
Ef = 0. Moreover, the framework indicates in what way and through which instruments 
and changes in the production chain a transition to these ideal states of circularity 
and sustainability can be achieved.
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20.4  Case 1 Royal Auping Deventer

The mattress and bed manufacturer and retailer Royal Auping in Deventer (province 
of Overijssel) is a family business founded by Johannes Auping in 1888. The com-
pany started producing high quality and durable mattresses and beds for hospitals 
with an innovative bed base of woven steel in a metal frame instead of straw 
(‘Auping’s steel health mattress’). Nowadays it is the largest Dutch sleep comfort 
brand and manufacturer which serves the high quality segment of the market with 
the slogan ‘Auping nights, Better days’. It has 300 employees and 130 flex workers 
with an annual turnover of 73 million Euros. In the last few years Auping has 
invested over 35 million Euros in state of the art sustainable production facilities, 
product and process innovation and in retail and digital capabilities. Auping 
has marketing and sales subsidiaries in Germany, Belgium and Denmark, and 
worldwide the company serves over 15 other markets through exclusive distributors. 
The company strives to develop a ‘good & healthy’ product design; an ambition that 
does not only relate to the look and quality of their mattresses and beds, but also to 
their desire to bring about a transition to circularity in their production process. To 
this end a new factory using cost-efficient, demand driven production processes was 
developed and realized in Deventer from 2013 till summer 2015. The redesign of 
the production process in the new factory caused total consumption of electricity to 
decrease by 45% and use of natural gas by 90% while maintaining the same product 
output levels.

By striving towards being passionate, transparent, innovative and better every 
day the main object of the production process in the new factory is similar to the 
sustainability definition of the Brundtland commission: ‘… to meet the needs of the 
present without compromising the ability of future generations to meet their own 
needs’. The idea is both to reduce the use of the environment in production (‘eco 
efficiency’) and increase the positive impact on the environment through reducing 
waste and recycling, which the company labels as ‘eco effectiveness’.

In 2010, Auping published its Cradle to Cradle Vision 2020 and became a certi-
fied Cradle to Cradle company in 2012. The bed model ‘Essential’ was launched 
with the Cradle to Cradle Silver Award as the first sustainable bed model worldwide. 
As a practical indicator for how far the company has advanced on the way to full 
circularity it has set up the Auping Take Back System for mattresses, which has the 
target of 90% recycling. Auping takes old mattresses back on delivery of new ones 
and ensures that they are recycled by an external company (RetourMatras) and that 
they do not disappear into an incinerator (which is what happens every year to an 
estimated 1.2 million mattresses in the Netherlands). The return system does not 
only take back the company’s own mattresses, but also other brands, supplying 
300,000 kilograms of raw, recycled materials. These materials are inter alia pro-
cessed into cleaning cloths, judo mats or insulation. The return system was praised 
by the Deputy Minister of Infrastructure and Environment and the Minister of 
Economic Affairs in a letter to the Dutch Parliament, calling Auping an ‘outstanding 
example of circular thinking’ (Dijkstra and Kamp 2016, p. 8).
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Auping commits itself to the goal of a sustainable business model (Cradle to 
Cradle Gold) by 2020. By developing and producing manufactured goods that allow 
upcycling at the highest level (no waste but upcycle), full use of renewable energy 
(no fossil fuels used) and respect for natural systems (water). With respect to people 
as part of the people-planet-profit concept the aim is optimal working and social 
conditions for labour employment for all stakeholders in the supply chain. 
Considering four streams of the corporate circular strategy, namely (i) circular oper-
ations and eliminating waste, (ii) energy savings, (iii) use of renewable energy and 
(iv) radical transparency in the supply chain, Auping can be regarded as a frontrun-
ner in the transition to both full circularity and sustainability.

The company is currently developing a Circular Economy Hub at their head 
office in Deventer. Auping has realised the importance of their Deventer roots in the 
Hanse tradition and made the production process LEAN and Cradle to Cradle in 
order to be more competitive and to become future-proof. The aim of making the 
production process fully circular also contributes to the profitability of the company 
and to its long run continuity. Moreover, Auping seeks cooperation with partners 
upstream in the supply chain that share their standards and values of socially respon-
sible production. For example, instead of importing aluminium from natural 
resources in Vietnam, Auping uses recycled aluminium from local suppliers in the 
Netherlands. It appears that this does not only lead to lower use of natural resources 
and lower use of fossil fuels for transport, but also to more flexibility in the produc-
tion process. In this way it even amounts to a cost reduction as well as less risk in 
the supply chain.

From the perspective of the model described in Sect. 20.3 Auping seeks to 
enhance circularity in its own production process by (1) extending the life of beds 
and mattresses, which involves a decline in w, (2) using recycled waste in the pro-
duction, which implies substitution in (25.1) from Ef to Er and Wi, and (3) innovating 
in ability to use recycled material in the production process, which is an increase in 
d3. In order to contribute to circularity in the economy Auping is also selective in 
choosing its upstream suppliers in the supply chain.

20.5  Case 2 SolidPack Loenen

In 1630, paper manufacturer, Vincent Schoonman, who was born in Mulhausen 
(Germany), built the first paper mill in the small city of Eerbeek (province of 
Gelderland) because of the excellent water quality of the springs of the Veluwe 
Massif. Nowadays, most of the Dutch paper and board factories are concentrated in 
this area.

The total recycling rate in 2013 in the Netherlands was 70.5%, which is rela-
tively high compared to the European average (65.3%). For glass recycling the rate 
was 78.8% that same year and for paper and board it reached as high as 88.8% 
thanks to national collection systems and waste logistics (data from Eurostat 2013). 
The main success factor is the separation of waste at source. The Dutch paper and 
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board industry is well known for its efforts to reduce water and energy consumption 
in the last decades. Over the last century the production technologies used in the 
paper and board industry have become fully developed and mature and because of 
this they are relatively efficient. Yet, the development and introduction of new eco 
efficient technologies is expensive so that the risks in investing in these technologies 
are to be minimised. The branch organisation of the paper industry (VNP: 
Koninklijke Vereniging Nederlandse Papier en Karton Fabrieken) seeks to reduce 
the energy consumption in its entire production chain by 50% in 2020.

One of the innovative board companies is the privately owned SolidPack, founded 
in 1921  in Loenen with 178 employees (170 FTE) and a turnover of 55 million 
Euros (8–10% earnings before interest, taxes, depreciation, and amortization). 
SolidPack is an excellent example of a circular 24/7 company (365 days) avant la 
lettre, as it uses mainly recycled paper as basic raw material together with some 
virgin fibres and chemicals for the production of shelf and retail-ready packaging 
for worldwide applications. SolidPack produces high quality food-grade packaging 
solutions with high added value for specific applications. The solid board boxes 
cannot yet be reused but are recycled in the traditional way together with other 
board, corrugated, newsprint and magazines (for which the recycling rate in the 
Netherlands is very high). Whereas offices are becoming more digital and more 
paperless, the use of packaging by web shops is actually increasing. This poses a 
problem for the availability of recycled paper and board as input for the production. 
Therefore, SolidPack seeks to replace this raw material in the production process 
with inputs which are also non-fossil such as grass fibres (‘grassbox’) and other bio- 
based materials.

The company’s circular strategy is based on the following priorities: zero waste, 
the reduction of water consumption and the reduction of its carbon footprint. The 
company searches to use alternative minerals for its own biological waste water 
treatment plant. In a 1.5 year pilot project SolidPack searches more specifically to 
use both phosphorus and nitrogen from municipal waste water instead of phospho-
rus from phosphoric acid and nitrogen from urea. To be successful these alternative 
mineral sources must be located in the neighbourhood of SolidPack. Moreover the 
company searches for new ways of processing 2000 tons of plastic (reject from 
waste paper defribration) into products with added value. However, for SolidPack 
the Achilles heel of sustainability is the use of fossil fuels and energy consumption. 
Therefore, the aim is to substitute fossil fuels with renewable energy such as 
bio-fermentation.

SolidPack collaborates successfully not only with the Water Authority Vallei and 
Veluwe in the field of industrial waste water treatment but also with the National 
Forestry Commission in the field of alternative raw material (grass). Company facil-
ities (buildings, appliances and the waste water treatment plant) are shared with 
others to exploit economies of scale and to decrease the cost base. Through these 
kinds of new coalitions the various partners contribute to make the total value chain 
more circular.

In the province of Gelderland, ten paper and board companies with 1372 employ-
ees have an total annual energy consumption of 11 million Gigajoules (Quickscan 
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Gelderse papierindustrie. Duurzamer door Samenwerken, October 2010). SolidPack 
is currently exploring possibilities to reuse its steam and waste heat from the waste-
water for municipal applications. In this way it also intends to support the Cleantech 
Region of Stedendriehoek to become energy neutral in 2030.

In terms of the model outlined in Sect. 20.3, SolidPack is substituting Ef for Er in 
its production process and trying to enhance d3, given the fact that the company 
already uses, with recycled paper and board, a considerable amount of ‘waste’ (Wi) 
as input. Moreover, efforts could be made to make the packaging more durable and 
reusable in order to decrease w, contributing to downstream circularity and sustain-
ability. The plan to bring about a circular solution for the large amount of plastic as 
residual of the production process would also translate as a decrease of w in terms 
of the model.

20.6  Case 3 Interface Scherpenzeel

In 1956 the modular Heuga carpet tile was developed by Petrus Johannes van 
Heugten, who until then had produced saddle pads and felt hand warmers. For many 
years he experimented with waste material and through innovative product develop-
ment he was able to use the waste material for the production of carpet tiles. In 1987 
Heuga was taken over by the American company Interface. The story of Interface 
began in 1973, when founder Ray Anderson, who passed away in 2011, realised that 
at the time the office environment was changing dramatically and there was a need 
for flexible floor covering. Anderson’s vision was: ‘…, showing it’s possible to cre-
ate a better world, being restorative by the power of our influence…’ (see Anderson 
1998, 2009). Since its takeover of Heuga, Interface has become the worldwide 
leader in modular flooring. With a market share of one third of the global carpet 
market, Interface leads the market in terms of design, durability and innovation. 
Worldwide Interface has 3500 employees in 110 countries (5 production sites) and 
an annual turnover of 900 million Euros. The Dutch site in Scherpenzeel (in the 
province of Gelderland) acts as the European headquarters for production and dis-
tribution. It has 315 employees, a turnover of 353 million Euros and net profits of 
26 million Euros.

In 1994, Interface was one of the first companies to reverse its strategy towards 
sustainability. The company promises to be fully sustainable by 2020. The strategy 
is called Mission Zero® and it is challenging all parts of the business, throughout the 
supply chain. The aim is ‘to become restorative by eliminating any negative impact 
our company may have on the environment by the year 2020’. The company’s sus-
tainability strategy is based on learning from nature (biomimicry) (see Benyus 
1998). This integrated approach following the way ecosystems function leads to 
circular business models, corporate social responsibility, green energy, sustainable 
production and clean and efficient transport. TacTiles® are an appealing example of 
biomimicry being put to use. TacTiles® are innovative adhesive-free installation sys-
tem based on the feet of a gecko with zero VOC (Volatile Organic Compound) 
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 emissions. Interface aims not only to be fully sustainable by 2020 but even to be 
restorative, putting back more than the company takes out from the environment and 
the community. A good example of the inclusive circular business model is the Net- 
Works™ initiative, which collects discarded nylon fishing nets in the Philippines to 
be processed as a raw material for new carpet tiles. Thus, the Net-Works™ initiative 
is restorative because it supports social communities and makes a positive contribu-
tion to society.

For Interface co-innovation is a way of working that connects ideas, people and 
resources, removing barriers to progress and enabling to achieving goals together. 
In order to realise the goal to make the whole supply chain circular and sustainable 
Interface often plays the role of orchestrator of the supply chain.

December 2015 data from the company show that this strategy to make the pro-
duction process fully circular and contribute to sustainability has already been very 
effective; Mission Zero® really works. Indicators of success include (compared to 
baseline 1996): zero waste to landfill, 98% reduction of direct GHG emissions, 95% 
renewable energy use, 50% reduction in transportation, 50% of the materials are 
recycled or bio-based and 50% reduction in product carbon footprint. In order to 
achieve these reductions Interface developed various circular business concepts and 
inclusive business models such as: buy with full service contract and return, leasing 
of carpet tiles, Tile ReUse, Tile Recycling (ReEntry 2.0), Tile ReEnergy, Tile 
Reclaim, Cool Tile (CoolCarpet®), Tile Take-back Guarantee, I Owe You, TacTiles® 
and in the future, subscription systems.

According to Interface the sustainability strategy is financing itself through the 
improvement of non-labour resource efficiency, investments in sustainable inputs 
and the commercialisation of competitive advantages. Customers become Interface 
ambassadors for life.

In relation to the modelling framework of Sect. 20.3 it seems that the strategy of 
Interface uses aspects of circularity mainly to reach the final aim of sustainability. 
The company realises that, in accordance with our taxonomy, circularity is a neces-
sary albeit not a sufficient condition for sustainability. From that perspective, mak-
ing not only its own production process but also the whole supply chain more 
circular is part of Interface’s strategy. The use of recycled materials and efforts to 
reuse the tiles and prolong their lives by licensing, maintenance contracts as well as 
reclaim and take back programs can be seen as ways to reduce w and cause substitu-
tion from Ef to Wi in the production process. But the main part of the strategy is 
directed at substitution from Ef to Er in production. Moreover, by making the 
employees of Interface intrinsically motivated to comply with the company’s strat-
egy and philosophy, the efficiency of labour (c) as factor input is enhanced.
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20.7  Conclusion

The circular economy is a way to reduce the use of raw materials and significantly 
improve ecological values. The minimization of waste and fossil fuel use, prolonging 
the life of products and the use of waste as an input factor in the production process 
are all ways in which the economy can become circular. A transition to a circular 
economy, however, involves more than just less waste (Janssen and Stegeman 2016). 
This is even crucial for an economy that aims to be both circular and sustainable. To 
achieve a circular and sustainable economy we need to re-think the current business, 
organization and commercial models (van Arkel and Jonker 2012).

This chapter describes three cases of companies in the eastern region of the 
Netherlands which are frontrunners of the circular economy. They have indeed thor-
oughly changed their business strategy and the organization of the supply chain. 
The first two cases, Auping and SolidPack, focus on making the production process 
more circular by reducing waste and using recycled material instead of virgin mate-
rial as input for production. The fact that sustainability of production is increased 
can be thought of as a side-effect of this focus. Moreover, in order to make the full 
supply chain more circular these companies take the role of orchestrators of the 
production chain. Control over the production chain is also part of the strategy of 
Interface. However, unlike the prior two companies, Interface focuses directly on 
sustainability, and circularity is seen as a means to comply with the Mission Zero® 
aim for full sustainability in 2020.

Making the production process and supply chain more circular and sustainable, 
and thereby making the economy more eco efficient, is also beneficial to welfare at 
the macro level of the economy. Thus, the government has a role to play in promot-
ing the transition to circularity and sustainability. According to the Dutch Ministry 
of Infrastructure and Environment (2016) the government can shape the transition 
through five instruments or interventions (see also Janssen and Stegeman 2016). 
The first intervention is the removal of legislation that hinders the development of a 
circular economy where innovation is required. The second intervention is to imple-
ment smart market incentives. Market incentives increase the demand for circular 
products (such as bio-based and recycled materials) and encourage circular innova-
tions and business models. The third intervention is to offer support and insight in 
investments in circular products and services. These have a different risk profile 
than traditional products and services, and a better understanding of the costs and 
benefits could stimulate further investment. The fourth intervention is organising 
knowledge spill-overs. The last intervention is to promote international partnerships 
and make arrangements that create the right conditions for the circular economy. It 
seems that the initiatives taken in the eastern region of the Netherlands, discussed in 
Sect. 20.2, mainly relate to these latter forms of intervention. In fact, the theory of 
public sector economics provides us with a main reason for government interven-
tion: the positive externalities that the pioneering strategies of front running 
 companies in circularity bring about should be internalised. This should be an 
underlying motive of the five interventions discussed above.
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Chapter 21
An Approach to Identify Resource Patterns 
on a Neighborhood Level

Magnus Österbring, Leonardo Rosado, Holger Wallbaum, and Paul Gontia

Abstract Resource stock and flow accounting has been increasingly applied on a 
country and city level. This paper elaborates on the possibilities to conduct a 
resource flow analysis even on a neighborhood/district level to identify, e.g., 
resource use related characteristics. Such resource patterns can be used to identify 
areas in different parts of a country or even larger geographical regions that are 
characterized by comparable types and amounts of resources entering the system 
boundaries. This identification might lead to archetypes that will help in deriving 
and applying policies, resource optimization strategies, etc. The approach presented 
in this paper stems from experiences made in the field of building stock modelling 
where archetypes are frequently used to characterize building stocks of a city or 
even a portfolio within a city. Furthermore, this approach is applied to develop 
energy and climate strategies for cities, renovation and maintenance strategies for 
real estate owners including investment planning. This paper reveals the shortcom-
ings as well as the possibilities of resource pattern identification on a neighborhood/
district level and closes with an outlook of necessary next steps to improve the qual-
ity of such an approach and increase the potential to use this approach as a strategic 
instrument.

Keywords Neighborhood • Building stock model • Material flow accounting • 
Material stock

21.1  Introduction

Top-down Material Flow accounting (MFA) methodologies have been widely used 
to account material flows in countries using the Eurostat Economy-Wide methodol-
ogy (Eurostat 2001) and several adaptations to urban areas have been made under 
the urban metabolism research topic (Kennedy et al. 2011), but so far no one has 
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attempted to conduct it at the neighborhood/district level (e.g. smallest administra-
tive subdivision of a city) in a holistic way. Most of the Economy-Wide MFA adap-
tations to the urban level provide highly aggregated results for the material flows in 
material types (e.g. Niza et al. 2009; Barles 2009) and very few examples were able 
to allocate the flows to the needs of the specific economic sectors. Recently, Rosado 
et al. (2014) managed to develop an urban MFA model that bridges this gap and 
provides a detailed description for urban areas for 1000 product types, distributing 
them by more than 100 economic sectors and describing the flows in 28 material 
types, which covers the full techno-economic study in question.

The use of standardized statistical data such as international trade datasets, trans-
port data and others provides also an opportunity to understand estimation errors 
and associated uncertainties in the results. In 2015 and 2016, two studies provided 
useful insights on these estimation errors (Schwab et al. 2016; Patrício et al. 2015), 
and despite increased error estimation from the country to the urban level, the 
uncertainty is still acceptable (Patrício et al. 2015).

In order to estimate material flows at the neighborhood level, top-down estima-
tions need to be used with care due to the very likely high level of uncertainty. In 
that sense, the use of bottom-up techniques, such as the ones used for building stock 
modelling (BSM) can be useful to support the urban MFA techniques. Identifying 
types of districts based on drivers of consumption of resources might be a good 
compromise between the availability of urban MFA data at a higher level and the 
need to estimate neighborhood MFA.

21.2  Status and Development of Building Stock Modelling

To address the challenges of the stakeholders involved in the transformation of the 
building-stock, BSM have been used to calculate the energy demand of the existing 
building-stock (Ascione et al. 2013; Fabbri et al. 2012) as well as to evaluate its 
potential developments (Mata et al. 2013; Sartori et al. 2009). The bottom-up meth-
ods for describing and simulating the energy performance of building-stocks (Swan 
and Ugursal 2009; Kavgic et al. 2010) have evolved from being used on a country 
level to be applied at urban scale by incorporating geographical information sys-
tems (GIS). These bottom-up engineering models use a heat balance model to esti-
mates the energy consumption for individual buildings. The buildings used as inputs 
to bottom-up models are defined by building properties such as geometry, U-values, 
climate data, indoor temperature and use of appliances. Thus, to apply a bottom-up 
engineering model requires detailed input data. As the scope of most research on 
building stocks are on a city or country level where data availability and computa-
tional time-constraints limits the use of detailed input data, representative buildings 
are often used to describe the building stock, where it is assumed that buildings with 
similar characteristics regarding year of construction, use of the building, type of 
heating system and building geometry will have similar values. Commonly, an 
archetype approach using representative theoretical buildings as described in 
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Fig. 21.1, often defined by construction year and the type or use of the building, is 
applied to represent all buildings with similar characteristics to allow for assessment 
of the entire stock.

In order to evaluate renovation potential of the existing building stock on an 
urban level, a local approach is needed to understand challenges and possibilities 
associated with the transformation of the building-stock. By incorporating building- 
specific information while considering the building in its setting, a more holistic 
view can be achieved. While the spatial resolution has increased and the energy 
models have become more advanced, the input used for these models have seen 
little development and are still largely based on using representative buildings which 
are used to scale results to the desired level of output. Such descriptions lose accu-
racy with increased spatial resolution and results are commonly only presented at 
aggregate levels for districts or entire cities and not on a building level (Reinhart and 
Davila 2016). The scaling of representative buildings to account for the energy per-
formance of the entire stock is based on the assumption that buildings with a similar 
year of construction have a similar energy performance. The older the stock that the 
representative building is aiming to describe, the more problematic this assumption 
becomes as renovations have been applied to a varying degree and the energy per-
formance may have changed significantly from its original state (Eriksson 1993; 
Aksoezen et al. 2015). Some models have gone further and have started incorporat-
ing building specific data, most commonly taking advantage of 3D city models 
based on LIDAR data (Steadman et al. 2014) or by analyzing differences in digital 
terrain models and digital elevation models (Mastrucci et al. 2015) as well as using 
building-specific data from energy performance certificates (EPC) to better describe 
the technical characteristics of individual buildings (Österbring et al. 2016). This 
development allows for the possibility of visualizing and communicating results on 

Fig. 21.1 Process of developing an archetype model (Source: reproduced from Mata 2013)
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a building level as well as allowing results to be aggregated arbitrarily to suit 
 communication with stakeholders that previously have not been reached. While the 
descriptions of buildings stocks are becoming more differentiated, the aspects of 
characterizing and classifying buildings as part of an archetype approach still holds 
value for other fields of research. Furthermore, aspects of visualization and com-
munication that are enabled by using GIS in BSM can provide benefit when explain-
ing the complex relationships of MFA in districts as well identifying districts with 
similar characteristics.

21.3  Lessons Learnt from Building Stock Modelling

Lessons learned from the use of archetypes in BSM should be considered before the 
methodology is applied in other fields. First, being a bottom-up approach, detailed 
input data is required which in turn brings up the questions of data availability, data 
access and data quality. Previous work for a differentiated bottom-up BSM for the 
city of Gothenburg (Österbring et  al. 2016) showed that the EPC database and 
national property register could be retrieved for research purposes and linked to 
cadastral maps using GIS to provide a detailed description of the stock on a building 
level. While most technical characteristics could be directly linked to individual 
buildings, no database contains information on the U-value of the building compo-
nents. To overcome this, an age-type classification was developed based on histori-
cal building regulations and a historic construction and architectural classification 
which was linked to individual buildings using information about year of construc-
tion and the economic extent of previous larger renovations.

In the process of gathering, processing and spatially matching the databases, 
questions regarding the quality of the EPC were highlighted. Issues with data qual-
ity in the EPC were due to both methodological and manual errors. The heated floor 
area given in the EPC proved to be problematic as it was not measured but rather 
derived from the living area in most cases where the suggested methodology was 
inadequate. Similarly, the most common manual error in the EPC was the number 
of stories, with 76 out 433 buildings in a sample set proved erroneous. Methods to 
overcome the methodological issues with deriving heated floor area from living area 
were developed (Mangold et al. 2015) and the correct number of stories had to be 
changed manually.

Second, with increased spatial resolution uncertainty becomes an issue. In energy 
performance calculations, it becomes difficult to capture the heterogeneity that nat-
urally occurs within a building stock. One typical example is user behavior, which 
has a large impact on energy performance, is difficult to capture at this scale, and, 
while statistical calibration methods have been developed to quantify the uncertain-
ties (Booth et al. 2012), the more common approach to overcome this issue is to 
aggregate results to a district or city level which reduces the heterogeneity. In this 
instance, the use of a differentiated description proves useful as aggregation can be 
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done arbitrarily without having to conform to any imposed political or geographical 
division of city districts or zones.

Third, the use of GIS provides possibilities of communication and visualization 
of results as well as providing a way to consider local aspects by including census 
and socio-economic data. Spatiotemporal visualizations of BSM results can be used 
to support communication with urban planners, policy makers and property owners 
regarding the state of the building stock and coming renovation needs in an urban 
context as well to engage with the public. The use of local census and socio- 
economic data can provide further insight by considering a building in its setting. 
For example, local and socio-economic data in addition to the technical characteris-
tics of the building-stock was used to visualize the socio-economic effects of reno-
vation, rent increase and affordability (Mangold et al. 2016).

21.4  Material Stocks Accounting at Building Level

Accounting material stocks (MS) from the built environment also applies the same 
principals of the BSM bottom-up approach and uses typologies of buildings and 
infrastructures as representative units for the built environment. Bottom-up MS 
studies require access to two main different datasets: area and/or volume of the built 
environment components (buildings and infrastructure) and material intensity coef-
ficients specific to each component. In terms of material composition of the built 
environment, there are very diverse and influencing factors like: local climate, his-
toric and economic development, period of construction (which influences the 
material and construction technology), local resources availability (e.g. wood avail-
ability) and policies/regulations (e.g. in Zurich all public buildings need to apply 
25% of recycled concrete aggregates). Therefore, the development of MS estimates 
relies on developing new Material Intensity databases, new methods (e.g. earth 
observation, image processing/machine learning) and data sources. Buildings have 
received a considerable amount of attention in recent studies (Kleemann et al. 2016; 
Ortlepp et al. 2015; Schebek et al. 2016) and cover information about area, type of 
use, components of the building, year of construction, spatial location, material cat-
egories types, reference quantity and database sources.

21.5  Resource Flow Accounting on a Neighborhood/District 
Level

In addition to accounting of stocks of resources on a neighborhood level, it is also 
crucial to provide an accounting of the flows, which will indicate the pressures put 
on resources to fulfil the needs of a specific part of a city.

21 An Approach to Identify Resource Patterns on a Neighborhood Level
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There has been some discussion on the need to identify drivers of consumption 
on an urban level. The work by Kalmykova et al. (2015) shows that there are link-
ages between material consumption and the economy, as well as the lifestyle of the 
population. In that sense, understanding the drivers of consumption might be para-
mount to establishing reasonable estimation techniques for material flows. Among 
the variables that need to be included, it should be possible to identify socio- 
economic characteristics of the population and the characteristics of the economic 
activities placed in the neighborhoods/districts. This type of data is normally avail-
able for urban areas. However, work still needs to be done to identify the exact 
variables and indicators that need to be studied and what are the levels of correlation 
between them and the material flows.

The identification of the drivers of consumption will help in establishing typolo-
gies of neighborhoods that have the same types of material flows, hence allowing 
for their full accounting, in much the same way as the building stock modelling 
techniques. There are several examples in the literature on methodologies to iden-
tify typologies, among them some specific for the urban level (Schwarz 2010; Baum 
et al. 2005; Baum et al. 2007; Kladivo and Halás 2012; Creutzig et al. 2015), and a 
recent study for Gothenburg has preliminarily shown the existence of 4 main types 
of neighborhoods/districts that might have fundamentally different characteristics 
in terms of material consumption.
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Chapter 22
Strategic Business Examples from Finland: 
The Growth of the Smartup Industry

Tuuli Kaskinen, Satu Lähteenoja, Mikael Sokero, and Iiris Suomela

Abstract The transition to a carbon neutral and resource smart society is perhaps 
the largest societal transformation of our time. There is an urgent need to develop 
scalable solutions, which help individuals lead sustainable lives and radically reduce 
ecological footprints. The promising news is that there is a whole new branch of 
startups, small and medium-sized enterprises (SME’s) and also larger companies 
creating new solutions to these challenges. We call these ‘smartups’. Recently, 
smartups have emerged to provide new products and services particularly in the 
areas of housing, mobility and food. These three essential sectors are where most of 
our household material footprint originates from as well as the majority of monthly 
expenses. Therefore, solutions are needed dissolve the link, even a dependency, 
between the majority of household consumption and the root causes of emissions. 
Smartups are able to solve this dependency by providing cheaper, better and more 
ecological solutions in the areas that we spend most of our money in the first place.

This article explains what smartups are, focusing on their business models and 
what is needed to make them successful. We introduce two promising smartups in 
the food sector from Finland and analyse the reasons for their potential and success. 
We find that globally emerging smartups will only be successful if their added value 
is based both on making individual lives easier, happier and more comfortable while 
simultaneously enabling the transition to an ecologically sound lifestyle. Smartups 
can disrupt markets and create new ones, but the growth of the industry is dependent 
on determined support. Thus, we suggest that one of the best ways to support the 
development of smart concepts is to create strategic partnerships between smartups 
and the existing large companies.
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Keywords Business models • Sustainable consumption and production • Consumer 
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Dematerialisation

22.1  Introduction

In the Anthropocene era we are faced with vast, overarching and pressing global 
challenges. Population growth, unsustainable lifestyles, climate change, biodiver-
sity loss and increasing uncertainty are characteristic examples of systemic chal-
lenges. Inherent to these challenges is unpredictability: the basic assumptions of 
how our ecosystems and natural systems operate will inevitably change if certain 
limits of growth are exceeded. For this reason we need rapid and scalable solutions 
that reduce the consumption of natural resources.

Increasing resource scarcity and the unsustainable consumption of resources at a 
household level is closely connected to three sectors: housing, mobility and food. 
These three sectors of consumer activity comprise approximately one half of all 
global greenhouse gas emissions (Faber et  al. 2012). Moreover, the majority of 
household expenses is also in these three sectors (Gerstberger and Yaneva 2013). 
The signatory countries of the Paris climate agreement have agreed on long term 
ambition and emission reduction strategies to globally peak the greenhouse gas 
emissions as soon as possible and to reach the maximum 2° temperature target 
within the next decades (Paris climate agreement 2015). It is therefore fair to say 
that there are huge business opportunities in products and services that decrease 
household carbon footprint and, at the same time, make our lives easier, cheaper and 
happier. In general, climate change and Paris climate agreement set the framework 
for a global demand for solutions, some occurring trends such as digitalization, 
global economy, movement of people and labour, enable the solutions to prosper. In 
particular, the most urgently needed solutions with scalable impact in the aforemen-
tioned three sectors are enabled by technological development and digitalization.

This article begins with an introduction to the startup industry in the field of 
sustainable lifestyles and consumption choices. The companies in this sector are 
developing globally scalable business models, which are often based on innovative 
solutions to specific problems or challenges. We call these companies ‘smartups’. 
Next, we introduce two interesting innovation cases from Finland. The first case is 
pulled oats, a vegan protein product, which aims to solve a number of problems at 
the same time: it is easy to use, healthy and replaces meat or soya based protein 
products so it can be produced from local ingredients. The second case is ResQ 
Club, a digital service that connects consumers with restaurants just before closing 
time, allowing the restaurants to sell meals at a discounted price that would other-
wise go to waste. The final section concludes and presents directions for future 
research.
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22.2  What Are Smartups?

In the mid-1990s business administration researchers Gary Hamel and 
C.K. Prahalad (1996) analysed ways in which companies find new markets. The 
study led to the recommendation that companies should focus on searching for 
undiscovered markets. Later, the same thought was popularised by W. Chan Kim 
and Renée Mauborgne (2015), who coined the concept of the “blue sea strategy”. 
The core idea behind the “blue sea strategy” is that companies stand to benefit 
from the growth opportunities associated with finding entirely new markets with 
very little competition.

This is exactly what smartups are doing today. They are startups or sometimes 
large companies aiming at freeing consumers from the excessive use of natural 
resources. Their business models are based on finding value-creation opportunities 
by responding to major challenges posed by global phenomena, such as climate 
change or resource scarcity. Smartups use enabling drivers such as digitalization 
and user-friendliness to introduce innovative changes at the core of the business and 
tackle unsustainable practices and structures at their source. This is essential for 
taking on the pressing challenges pertaining to a sustainable future (Short et  al. 
2014). However, the level of ambition of business model innovations must be high 
and focused on maximising societal and environmental benefits, not just economic 
gain.

A shift towards more sustainable business models may be carried out using dif-
ferent strategies depending on whether the company aims to merely protect itself 
through risk and cost reduction or to genuinely redesign its business model for 
sustainable development. This distinguishes a defensive strategy from a proactive 
one. Although all business model innovations that deliver sustainability are wel-
comed, proactive innovation strategies tend to be the most impactful as they inte-
grate environmental and social objectives with the core business logic of the 
company (Short et al. 2014). The strategies of smartups are usually proactive since 
business model innovation and sustainability are at the core of their business logic.

In recent decades, high-growth companies have focused largely on industries, 
where people spend about 10% or less of their annual income such as communica-
tions and entertainment. It is a fraction of the roughly 60% consumed by housing, 
mobility and food combined (Gerstberger and Yaneva 2013). In the EU, for exam-
ple, people spend more than a third of their income on housing, a tenth on mobility 
and nearly a fifth on food. This amounts to tens of thousands of Euros in a year per 
household — and the price tag on commodities such as gasoline and meat products 
keeps on increasing as resources such as fossil fuels become more scarce.

Thus, there is an increasing interest in cheaper, smarter and more efficient ways 
of living, eating and transportation. This is the demand that smartups address 
through innovative and sustainable solutions. Convenience and consumer-centred 
design are at the core of what makes smartups successful in market segments other 
than those occupied by environmentally conscious consumers. They operate where 

22 Strategic Business Examples from Finland: The Growth of the Smartup Industry



328

our time, capital and natural resources intersect to provide quicker, cheaper and 
more efficient solutions to people’s everyday problems.

22.3  Four Business Models Where New Smartup Businesses 
Arise

In addition to the three main value creation hotspots in consumer cleantech (living, 
mobility and food), Ritola et al. (2014) studied hundreds of up and coming smartup 
companies. The study identified four main ways in which companies drive down 
consumer dependency on natural resources and create new business activity. These 
business models for smartups are: sharing, optimisation, circular economy and 
dematerialisation. For concrete examples see the Table 22.1.

• Sharing. Sharing increases the utilisation rate of physical resources by dividing 
and allocating their use more efficiently. Sharing is the most commonly used 
model to improve resource smartness and is typically connected to platforms that 
enable it.

• Optimisation. Optimisation refers to improving energy and resource efficiency 
through, e.g., data management, smart home and metering applications.

• Circular economy. This category refers to circular supplies that provide renew-
able, recyclable or biodegradable resource inputs as well as solutions to elimi-
nate material leakage and maximize the economic value of product return flows.

• Dematerialisation and smart substitution. Companies in this category replace 
resource intensive practices with new solutions. Examples include teleconfer-
encing, virtual reality applications and replacing energy intensive animal pro-
teins with less resource-intense produce (e.g. insect and vegetable proteins).

22.4  Two Stories of Successful Smartups that Drive Lifestyle 
Changes and Create New Markets

In addition to leveraging natural resources in more efficient ways, smartup compa-
nies must be inherently smart to survive on the market, in other words: accessible, 
easy and attractive to use. According to a famous estimation by Hart et al. (1990), a 
new service or practice must be approximately five times more functional and better 
to take over its predecessor in our daily life - that is, to take over the market.

The demand for smart solutions can be seen in the strong drive of smartup com-
panies to develop top-level usability. Moreover, the focus of smartup companies on 
new resource efficiency models means that the innovative products often help con-
sumers cut down their personal expenses as well as their consumption of natural 
resources. The customer-centred approach of smartups also means that they are able 
to offer more convenient and quicker solutions. Next, we will describe and analyse 
two case examples of smartups in the food sector.
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Table 22.1 Examples of business models for smartups

Sharing Optimisation Circular economy
Dematerialisation and 
smart substitution

Digital marketplace 
platforms

Data management Upgrading Cloud mobile services

Carsharing Smart systems for 
growing food

Tuning Fundraising platforms

Grocery delivery Need based 
optimisation

Turnkey solutions Product innovation

Sharing goods Smart products Recycling nutrients Substitution of ingredients
Lending Ingredient 

optimisation
Recycling 
technologies

Product as a service

Ridesharing No waste cooking Repairing Virtual services
Swapping Smart homes and 

smart cities
Technical innovation Gamification

P2P task sharing Gamification Product innovation Digital services
Outsourcing Source based 

optimisation
Water cleaning 
solutions

Online food shopping

Bikesharing Digital services Products made from 
recycled materials

Technical product 
innovation

Digital service 
innovation

Smart vehicles Leasing Virtual services for 
product development

Crowdfunding Smart routing Modular consumer 
electronics

Energy source substitution

Urban farming Smart metering Waste management Turnkey solutions
Co-creation 
platforms

Energy 
management

Return and payback 
incentives

Solar energy

Space use 
optimisation

Carbon 
management

Resources recovery Decentralised energy

Space rentals Home automation Reusable packaging and 
shipping materials

Workspace sharing Turnkey solutions All in one app for 
mobility

Social cooking Food waste reuse Compact housing 
solutions
Product life extension

22.4.1  Smartups Drive Lifestyle Changes – The Story of Pulled 
Oats

Lifestyle changes and new business opportunities are entwined. On the one hand, 
business opportunities arise from changes in lifestyle. On the other hand, lifestyle 
changes create new business opportunities by creating entirely new markets.

Tubiello et al. (2014) estimate that greenhouse gas emissions from agriculture, 
forestry and fisheries have nearly doubled over the past 50 years and could increase 
an additional 30% by 2050 unless greater mitigation efforts are made. The environ-
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mental impact of animal based products is especially severe. A total of 70% of all 
arable land is used for the production of meat and other animal based products 
(Fiala 2008). Furthermore, agriculture uses approximately 70% of the world’s avail-
able freshwater (Worldwatch institute 2014).

However, significant technological development and smartup innovations are 
also happening in the food sector. Twenty years ago there was virtually no profit 
made out of vegetarian protein products. Within the last couple of years, the situa-
tion has changed entirely: vegetarian products are gaining ground as more and more 
people become aware of the burden that red meat, in particular, has on their health 
as well as the environment (EVU 2016).

Pulled oats was developed collaboratively by serial entrepreneur, Maija Itkonen, 
and food scientist, Reetta Kivelä, who holds a PhD in Food Technology from the 
University of Helsinki. By combining the entrepreneurial skills of Itkonen and the 
scientific knowledge of Kivelä and Zhongqing Jiang, a food scientist who joined the 
team in the very beginning, their start-up company, Gold and Green Foods, was able 
to develop a fully vegan protein product that combines a small material footprint 
and principally Nordic ingredients with high nutritional value and convenience.

The company came up with an entirely new method of processing oat, broad 
beans and peas into a product with a texture akin to pulled pork or chicken. The 
product can be eaten straight out of the packet as there is no need to cook pulled 
oats. It can also be bought pre-seasoned, meaning that very minimal effort is 
required to transform pulled oats into a meal. This has made pulled oats an attractive 
alternative to meat also for non-vegetarians who may not consider buying other 
vegan products.

Design thinking and a thorough analysis of consumer preferences played an 
important part in the development of the business model of Gold and Green Foods. 
Their aim was to develop the “perfect protein”—something that would not require 
consumers to make compromises in terms of sustainability, health, taste or cost, all 
of which market research has proven to be very important to consumers. Rather than 
targeting the market segment of environmentally conscious consumers, pulled oats 
proactively transformed the market and generated demand among consumers who 
may never have tried vegan protein products before.

According to Itkonen—now CEO of Gold and Green Foods—the demand for 
pulled oats has spilled over into the sales of other vegetarian products, too. Despite 
the doubling of production capacity in just 3 months, in early 2016 pulled oats was 
so popular that many stores ran out within 1–2 h of the arrival of the delivery. This 
has lead consumers to choose other vegetarian options more readily than before. 
Without the mass popularity of pulled oats these individuals may never have consid-
ered buying vegetarian options in place of animal-based products. The vegetarian 
trend has also been fuelled by storekeepers who designate a vegetarian section of 
the store, meaning that replacements for pulled oats are easy to find as soon as one 
finds out that the pulled oats section is empty.

Gold and Green Foods has thus furthered its environmental impact far beyond 
just getting people to buy pulled oats, which Itkonen finds very encouraging. Rather 
than being cautious of potential competitors, she is happy about the vast impact that 
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pulled oats has had on transforming the market and people’s lifestyles in a sustain-
able direction. In August 2016 they also secured a deal with Paulig, an international 
food industry giant with an annual turnover of 905 million Euros, who bought 51% 
of the shares of Gold and Green Foods. The deal will help Gold and Green Foods 
increase production capacity and head into international markets.

22.4.2  A Smartup that Rescues Food

Around 88 million tonnes of food are wasted annually in the EU, with associated 
costs estimated at 143 billion Euros. Two-thirds of the costs are associated with 
food waste from households, which amounts to around 98 billion Euros (Stenmark 
et al. 2016). Food waste is an issue of importance to global food security and good 
environmental governance and is directly linked with environmental, economic and 
social impacts. Different studies show that between a third and a half of the world 
food production is not consumed (Gustavsson et al. 2011; Bio Intelligence service 
2010), leading to negative impacts throughout the food supply chain.

The societal and environmental impacts of food waste are severe, but there are 
also significant costs imposed on ordinary households. If the lifecycle of food prod-
ucts were to become more efficient at every stage from production to consumption, 
the cost of food could be reduced significantly.

ResQ Club is a smartup that matches restaurants that have leftover food with 
consumers willing to buy these leftover meals for a discount up to 70%. The ResQ 
Club mobile application shows all available meals on a map, making it easy for the 
user to pick the most convenient option. ResQ meals are bought through the 
application, meaning that the consumer can just walk to their chosen restaurant at 
any time to pick up their order. Both the restaurant and the consumer end up on the 
winning side: restaurants are able to sell food that would otherwise go to waste due 
to health and safety regulations, whereas consumers purchase restaurant food for a 
price almost as low as that of a home cooked meal.

According to CEO, Tuure Parkkinen, the business model of ResQ Club is based 
on connecting the right customer with the right restaurant at the right time and the 
right place. The success of the product is thus based on the efficient handling of data 
combined with a simple user interface that is intuitive and convenient to use for both 
the consumer and the restaurant. ResQ Club has managed to combine quality supply 
with cheap prices and usability, making their product hugely successful. As of 
November 2016, over 80,000 meals from over 200 restaurants have been sold since 
the launch of the app in January of the same year. This means that over 25 tonnes of 
food have been saved, cutting carbon dioxide emissions by an amount equal to that 
of driving 3 million kilometres. Additionally, several restaurants have been able to 
improve the quality, availability and freshness of their food as they know that they 
can sell the leftovers at a decent price. ResQ Club has also brought new customers 
to lesser known restaurants both for regular-priced meals and ResQ Club meals.
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22.5  Conclusions

Smartups can play a significant role in creating new sustainable markets and pro-
moting sustainable lifestyles. Therefore, their importance cannot be overlooked in 
efforts to mitigate climate change and in the transition to a global low carbon and 
resource smart society.

Smartups are often small companies that struggle with getting the necessary 
investments and resources to scale up. They are, nevertheless, faster, more flexible 
and more open to new innovations than large, traditional companies. That is why 
their role in opening new markets is important. However, large companies can also 
create smartup businesses and facilitate innovations. What matters is the strong, 
user-centred design process, which is illustrated by the case of pulled oats. The 
company succeeded in combining sustainable lifestyles with an easier and healthier 
food product. That is the recipe for success.

There are several ways to support the growth of smartup businesses. Demos 
Helsinki (2016) has established a Peloton Club Smartup Accelerator, which sup-
ports early stage teams to develop and test their ideas. From 2012 onwards, Peloton 
Club has accelerated almost 100 smartup teams and companies, creating a whole 
ecosystem around new sustainable service production.

This work has highlighted the importance of strategic partnerships between big 
and small companies. Small companies and startups often have lots of exciting, 
fresh ideas but lack the resources or knowhow for broad implementation. Large 
companies, on the other hand, often stick to established practices and are more 
resistant to change and slower in their moves. Through strategic partnerships, it 
might be possible to get the best benefits from both sides. More research is needed 
to identify optimal ways of organising strategic collaboration to support the growth 
of smartup businesses. Nevertheless, it seems obvious that the already occurring 
strategic collaboration between new and traditional companies, cities and academia, 
is critical to facilitate a deeper and wider societal change.
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Chapter 23
Circular Flanders: Adaptive Policy 
for a Circular Economy

Sam Deckmyn

Abstract Sustainable, systemic changes in the use of both energy and raw materi-
als are key to safeguarding a strong economy and a high standard of living in 
Flanders. The transition to a circular economy is contingent upon comprehensive 
change; it hinges not only on technological advances but also on systemic organisa-
tional, societal, financial and policy innovations.

Flanders has already taken the first steps towards policy changes that promote a 
circular economy, beginning with the adoption of the Flanders’ Materials Programme 
in 2011. Six years down the road, starting in 2017, the programme will be relaunched 
as Circular Flanders, with an even stronger focus on an integrated approach to a 
circula r future.

Keywords Circular economy • Governance • Flanders • Transition management • 
Multi-stakeholder partnerships

23.1  Why: Limits to Linear

23.1.1  The End of the Line

Ever since the Industrial Revolution, our economies have basically forged their 
growth paths by transforming natural resources into products that are disposed of 
after use. It’s a linear model based on the assumption of infinite, readily available 
resources that can be cheaply discarded. But linearity is reaching the end of the line.

As the global middle class grows by a projected three billion people over the next 
couple of decades (Dobbs et al. 2012), our linear Western lifestyle will prove unsus-
tainable. China and India are already doubling their real per capita incomes at about 
ten times the pace England achieved during the Industrial Revolution, and at around 
200 times the scale. The demand for resources will soar at a time when finding and 
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extracting additional raw materials is becoming an ever greater challenge, and it 
will be all but impossible to keep up with, despite technological advances in natural 
resources exploitation. As a direct result, raw materials prices are becoming vola-
tile, and certain critical resources will most likely become so scarce as to be prohibi-
tively expensive—not to mention the environmental impact of their extraction 
(Fischer-Kowalski and Swilling 2011) (Fig. 23.1).

At the end of the day we are grappling with a straightforward physical fact: the 
amount of natural resources on the planet is finite. Unlike energy, with a seemingly 
endless supply for new technology to take advantage of, the finite nature of raw 
materials on earth is a problem we cannot work our way around—unless alchemists 
magically succeed in turning iron into gold.

Clearly, we need to change tactics. A new approach to resources—one that coun-
teracts leakages and disposables, closes loops and enables high-value reuse—is our 
only option for safeguarding a high standard of living in the long term. A shift to 
(preferably radically) new, sustainable economic activities that keep materials in the 
loop offers opportunities for Flanders, and for the EU as a whole. The circular econ-
omy represents at least part of the solution.

23.1.2  The Circular Economy as a Strategic Solution

Our current linear economies transform resources into products to be discarded and 
destroyed at the end of their lifecycle. The circular economy offers an alternative 
approach based on maximising product and resource reusability and minimising 
losses of value.

Using a host of strategies, the circular economy focuses on keeping resources in 
a continual economic loop, while retaining as much value as possible. As such, 
products are designed to be repaired, have high second-hand value, be upgradable 
and be easily disassembled and transformed into new products. In a circular econ-
omy, products start out as recycled or biobased materials and are recyclable or bio-
degradable at end-of-life.

However, the circular economy aims to go beyond recycling, which—while it 
definitely has its use—is often essentially a form of downcycling: the end product 
(e.g. insulation filler) holds less value than the product it started out as (e.g. clothes). 
The circular economy aims to preserve as much value as possible: clothes will first 
be repaired and resold; when repairing is no longer an option, the fabrics will be 
reused to make new garments and when reuse is no longer an option, the fibres will 
be spun into new threads.
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Fig. 23.1 How much is left? How long will several reserves of material resources last? (Source: 
Plan C)
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23.1.3  Economic Gains

From a purely economic perspective, the advantages to the circular approach speak 
for themselves. Resource efficiency improvements throughout the value chain could 
decrease the demand for materials by an estimated 17 to 25% by 2030 (Meyer 
2011). Optimising resource use could cut expenses for European businesses by 
630  billion Euro (Ellen MacArthur Foundation 2012). EU GDP would grow by 
3.9% because of eliminated costs for acquiring new materials and the creation of 
new products, services and value (Ellen MacArthur Foundation 2012). Furthermore, 
the circular economy would create 1.2 billion to 3 billion new jobs in Europe by 
2030 (Mitchell and James 2015).

For Flanders, estimates show that investing in a circular economy could cut 
materials expenses by 2–3.5% of GDP and create 27.000 new jobs, ranging from 
high to low-skilled labor (Dubois and Christis 2014).

23.1.4  From Vision to Policy

Sustainable, systemic changes in the use of both energy and raw materials are key 
to safeguarding a strong economy and a high standard of living in Flanders. The 
transition to a circular economy is contingent upon comprehensive change; it hinges 
not only on technological advances but also on systemic organisational, societal, 
financial and policy innovations.

Flanders has already taken the first steps towards policy changes that promote a 
circular economy. It adopted the Flanders’ Materials Programme in 2011. Six years 
down the road, starting in 2017, the programme will be relaunched as Circular 
Flanders, with an even stronger focus on an integrated approach to a circular future.

23.2  How: Circular Economy Policy

23.2.1  First Phase: Flanders’ Materials Programme

23.2.1.1  A new Approach

In 2010, when Belgium held the EU presidency, the European Council conclusions 
on ‘sustainable materials management and sustainable production and consump-
tion’ put the circular economy on EU member states’ agendas (Council of the 
European Union 2010). The Public Waste Agency of Flanders (OVAM) played an 
instrumental role in developing these conclusions, using its vision of sustainable 
materials cycles and 30 years of experience in waste management.
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OVAM brought its expertise to bear in 2011 when it founded the Flanders’ 
Materials Programme1 (FMP) with the purpose of providing Flanders with a future- 
proof economy where material cycles are closed.

The programme is an example of successful co-creation and co-ownership 
between business sectors, research institutions, government and environmental 
organisations. It is built on three pillars:

• A long-term vision: Plan C2 is the circular economy hub in Flanders, created to 
encourage a change in mind-set from waste to resources and to accelerate the 
move towards a circular economy.

• Policy-relevant scientific research: SuMMa3 (Policy Research Centre for 
Sustainable Materials Management) brings together a broad spectrum of 
researchers and investigates which economic, policy and social conditions need 
to be fulfilled in order to realise the transition towards a circular economy.

• Actions and projects in the field: Agenda 2020 is a list of 45 concrete projects 
with active partners and a clear time schedule.

23.2.1.2  Economic Clusters Paired with Enabling Functions

In order to develop the foundations for a circular economy by 2020, the FMP 
focuses on closing materials cycles among economic clusters and in providing 
enabling functions. Economic clusters are chosen for their potential for improve-
ment from a primary resources and materials perspective and for the expertise in 
these domains present in Flanders. They include:

• sustainable materials management in construction;
• the bio-economy;
• sustainable chemistry and plastics;
• critical metals in a continuous cycle.

Enablers were chosen to break down obstacles encountered by every project, 
business case and innovation. They include:

• sustainable design;
• smart collaboration;
• smart investments;
• new materials and new material technologies
• better regulation.

Five priority actions have been identified for each cluster and each enabler. 
Agenda 2020 indicates what concrete steps need to be taken today to realise the 
ambition for 2020.

1 www.flandersmaterialsprogramme.be
2 www.plan-c.eu/en
3 https://steunpuntsumma.be/english
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23.2.1.3  Focus on Leverage Projects

The main focus of the programme is on six strategic leverage projects:

 1. Transforming Flanders into a recycling hub for Europe through our seaports
 2. New jobs in the cicular economy
 3. Potential for a circular economy at several spatial scales (case region Genk)
 4. Strengthening the metal recycling industry in Flanders
 5. Innovative building concepts for energy- and material-conscious construction
 6. Business model innovation

The leverage project ‘Transforming Flanders into a recycling hub’, for example, 
is about providing opportunities to import waste materials and complex end-of-life 
products for re-using, remanufacturing and recycling, as well as reinforcing the 
value chain for valuable metals and hard plastics.

Another leverage project, ‘New jobs in the circular economy’, is about develop-
ing the job potential of the circular economy by attuning education to provide the 
required knowledge and skills for new and different jobs related to circular econ-
omy opportunities.

23.2.1.4  Pursuing Catalytic Impact

Central to the whole agenda is reaching out to a small number of pioneering Small 
and medium-sized enterprises (SMEs) to encourage innovation in product design, 
business models and collaborative approaches across and between value chains.

Restricting intervention to a small number of companies was initially dictated by 
budget limitations. However, Plan C has now embraced its role as an ‘activating’ 
body that catalyses change by connecting and challenging the most innovative com-
panies and enabling them to lead others, rather than trying to directly influence the 
large number of SMEs in Flanders. Its three core activities are: shaping a vision, 
activating a self-learning network around sustainable materials management within 
a circular economy and supporting transition experiments.

23.2.1.5  Facing Obstacles

The FMP worked to break down other barriers to its implementation beyond fund-
ing restrictions. An important enabling aspect of a circular system is public procure-
ment, but procuring institutions often focus more on finding the lowest cost options 
rather than looking at total lifetime cost, which opens up opportunities to incorpo-
rate circular economic thinking. Low global resource prices, along with high labour 
costs, curb the profitability of remanufacturing. Another obstacle is a lack of knowl-
edge and skills: a furniture remanufacturing plant was planned in Flanders, but it 
proved difficult to find workers sufficiently skilled to operate it.
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23.2.1.6  Enhanced Cooperation

Successful cooperation between stakeholders, based on sharing responsibility for 
projects, is the keystone of the programme’s approach to implementing its vision 
and overcoming barriers.

Of the 45 actions in the Agenda 2020 plan, 10 are run by OVAM, which focusses 
on encouraging action in larger organisations, 20 by industry associations such as 
FEBEM (Federation of Environmental Companies), Vlaamse Confederatie Bouw, 
(Flemish Construction Federation), essenscia Flanders (Federation for Chemistry 
and Life Sciences industries) and Agoria (Federation for the Technology Industry) 
and 15 by other organisations, including the Department of Economy, Science and 
Innovation, the Flemish Institute for Technological Research (VITO) and the Bond 
Beter Leefmilieu (Federation for a Better Environment).

23.2.1.7  Award-Winning First Step

The many projects set up and carried out under the umbrella of the Flanders’ 
Materials Programme over the past couple of years (2012–2015) represent a first 
step towards a circular economy in Flanders.

The FMP has been quite successful so far, and these efforts were rewarded when 
OVAM won the Award for Circular Economy Government, Cities and Regions at 
the World Economic Forum in 2016 for the accomplishments of the programme.4 A 
great merit of the FMP is the innovative partnership between government, industry, 
non-governmental organisations, universities and research centres, as well as its 
broad, cross-sectoral programme that creates fertile ground for the transition to a 
circular economy.

23.2.2  Second Phase: Circular Flanders

23.2.2.1  Keep Pushing

Despite appreciation for past achievements, there was no time for complacency. All 
in all, the total number of companies embracing sustainable materials management 
and the circular economy was still fairly small. There was also room for improve-
ment in cross-sectoral collaboration and in interaction between the three pillars of 
the Flanders’ Materials Programme.

At the same time, the circular economy had become more prominent at the 
European level. In December 2015, the European Commission launched its Circular 
Economy Package, consisting of the action plan ‘Closing the loop’ and six revised 
legislative proposals on waste (European Commission 2015).

4 https://thecirculars.org/finalists
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The time was ripe for a second step. The government of Flanders raised the bar 
with a vision for the future.

23.2.2.2  The Circular Economy Becomes a Transition Priority

In the spring of 2016, the government of Flanders adopted the cross-cutting policy 
paper ‘Vision 2015. A long-term strategy for Flanders’. The document represents a 
commitment to a clear vision for the future and for the Flanders it wants to be in 
2050: a social, open, resilient and international region where every individual counts 
that creates prosperity and well-being in smart, innovative and sustainable ways.

To attain this future objective, seven transition priorities were outlined that cut 
across policy areas and engage partners throughout business and society. ‘Continuing 
the structural transition towards the circular economy’ is one of these seven transi-
tion priorities, thereby building on the previous experiences of the Flanders’ 
Materials Programme (government of Flanders 2016).

23.2.2.3  Widening the Scope

From 2012 to 2015 our interpretation of the circular economy was mainly focused 
on closing materials loops, a focus that was evident in the Flanders’ Materials 
Programme as well.

With its Vision 2050, the government of Flanders has now expressed its commit-
ment to a broader scope of interpretation and has highlighted several key aspects it 
wants to target: materials, water, energy, land and food (government of Flanders 
2016). A competitive bioeconomy in which biomass is sustainably produced and 
(residual) flows are (re)used in food, feed, materials, products and energy is also 
explicitly mentioned in Flanders’ vision for 2050.

This broader interpretation of the circular economy indicates a paradigm shift in 
the policy of Flanders in which

• transversality is even more prominently featured. The transition priority ‘circular 
economy’ will be a joint responsibility of the Minister for Environment, the 
Minister for Economy and Innovation;

• even more emphasis is put on collaboration across industries and with a wide 
range of stakeholders;

• the scope of ambition is broadened to reach out to a significant number of stake-
holders who were previously not or insufficiently involved. The scope is broad-
ened to include materials, water, energy, land and food (Fig. 23.2).

A similar widening of scope is noticeable in the European Circular Economy 
Package: while closing resource loops is still considered the backbone of the circu-
lar economy, the Action Plan also stresses the importance of water reuse and 
bioeconomy.

S. Deckmyn
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23.2.2.4  Joining Forces

At the same time the decision was made to merge the three pillars of the Flanders’ 
Materials Programme (Plan C, SuMMa and Agenda 2020) within the Public Waste 
Agency of Flanders (OVAM). This operational team will be the designated ‘delivery 
unit’ for the circular economy transition priority.

A range of stakeholders will pool human and financial resources in the unit, 
which will be headed by a public-private steering group. It will provide a single, 
effective hub for the circular economy in Flanders.

The newly unified team will kick off on 1 January 2017, and it will initially focus 
on three cross-cutting themes, within which several projects will be initiated and 
facilitated:

• the circular city,
• circular business strategies
• and circular procurement.

In line with the broadened thematic scope outlined in the previous chapter, the 
team will also collaborate on projects related to water, materials, energy, land and 
food on a demand-driven basis.

Fig. 23.2 Circular Flanders: the next phase (Source: Circular Flanders)
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23.3  What: A Sample of Our Projects

Flanders Recycling Hub
The collaborative research project ‘Flanders recycling hub’ was launched by 
the Flemish Institute for Logistics (VIL) and the Flanders’ materials pro-
gramme. It aims to develop a roadmap for putting Flanders on the map as an 
international recycling hub—a centre where materials are supplied, recuper-
ated and exported again. Because of their extensive know-how, Flemish com-
panies have already firmly established themselves as world leaders in the 
recycling industry. But it takes more than that to transform Flanders into a 
globally important recycling hub. Materials flows need to selected and 
attracted.

Additive Design Challenge
The Additive Design Challenge is a competition at the crossroads of circular 
economy and additive manufacturing—3D printing in all its forms. How often 
have you seen 3D printing applied to make a positive impact on society and the 
environment? That’s what this challenge is about: the Additive Design Challenge 
invites thinkers, makers and doers to put 3D printing at work for people and the 
planet. Find out more online: www.additivedesignchallenge.com

New Jobs in the Circular Economy
A switch to a circular economy will generate new and different jobs. There is 
a need for further qualitative research into these ‘new’ and ‘other’ jobs. What 
jobs are we talking about in practice, and what competences and skills are 
required to develop them? Building on the qualitative research, we organise a 
job fair around the theme of ‘materials’ and existing training programmes are 
adapted or new ones are developed.

Masterclass Circular Entrepreneurship
It takes only four 1-day sessions to discover which opportunities the circular 
economy has in store for you as an entrepreneur. We check out trends in con-
sumer behavior and policies, explore collaborations that could strengthen 
your enterprise and analyze how to financially cover various strategies.

S. Deckmyn

http://www.additivedesignchallenge.com


345

Interdisciplinary Policy Research
The Policy Research Centre for Sustainable Materials Management investi-
gates and fosters the role that policy can and should play in a transition 
towards a circular economy. The centre has published over 30 advisory papers 
in the past 3 years. Find out more online: www.steunpuntsumma.be/english

Reburg: Imagineering a Circular City
To explore a circular society in the future we designed the city of Reburg, 
where the circular economy comes to life. The story of Reburg is told in four 
chapters—four circular futures. For each future, a Reburg citizen tells about 
his or her job and reveals related hot spots in the city. Online: www.reburg.
world

Close the Loop – The Ultimate Guide Towards a Circular Fashion 
Industry
In a circular fashion industry, designers, producers, retailers and consumers 
are challenged to take the whole lifecycle of a garment into account. Plan C 
and Flanders Fashion Institute built a web tool and exposition that guides you 
through the principles of this sustainable way of working. Learn more online: 
www.close-the-loop.be/en

Manufacturer Meets Maker
Businesses in the manufacturing industry join forces with makers, designers 
and experts, and head to a Solution Lab in search of circular, socially innova-
tive solutions for today’s challenges. View online: mmm.makers.be

The Circulator: The Circular Business Models Mixer
The Circulator is a web-based tool providing an overview of the most relevant 
business models in the context of the circular economy as well as relevant 
case studies. Users can choose and mix 36 different strategies and explore 
inspiring case studies. Learn more online: www.circulator.eu

23 Circular Flanders: Adaptive Policy for a Circular Economy
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Chapter 24
The 100 Companies Project Resource Efficient 
Practice Cases from Producing Industry

Mario Schmidt

Abstract Initiatives from industry and good corporate examples are required in poli-
tics to show how resource efficiency can be improved in industrial production pro-
cesses. However, companies are usually reluctant to tell their success stories. In the 
highly industrialised state of Baden-Wuerttemberg, a project was carried out to pres-
ent and analyse 100 concrete examples from companies. The aim was to overcome the 
barriers to communication about corporate resource efficiency and possible potentials 
for cost saving. To this end, it was necessary to consider the different objectives of the 
actors. It can be inferred that from the perspective of a company—i.e., an economic 
perspective—resource efficiency is perceived as a strategy to help to save costs.

Keywords Resource efficiency • Cleaner production

24.1  Introduction

The question of how natural resources and raw materials can be handled sparingly 
and efficiently has been a topic of dynamic discussions in the fields of environment 
and sustainability for many years, especially in the 1970s following the Limits to 
Growth report by the Club of Rome. However, the subject only attracted major pub-
lic interest again ten years ago when raw material prices rose steeply on the world 
market and serious shortages occurred for some metals, including many rare earth 
elements (see Fig. 24.1). This situation was shaped by geopolitical and economic 
considerations and was by no means an indication of growing geological shortage, 
as had been prophesied for decades. Today, China holds a monopoly over many raw 
materials and in view of its enormous economic growth also has a high domestic 
demand. The companies that are dependent on raw materials have taken the tight 
supply situation very seriously in recent years. These include in particular the man-
ufacturers of high-tech products which cannot be produced without technology 
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metals such as rare earth elements, tantalum, cobalt, indium, germanium etc. For a 
short period the prices of some raw materials rose so considerably that certain tech-
nologies became less attractive—for instance, electric motors with permanent mag-
nets for which large quantities of neodymium or dysprosium are needed.

Now, in the year 2016, the world market prices are low again and the economic 
pressure on companies is easing. It is, however, all the more important now to make it 
clear to manufacturers that resource efficiency is a permanent task. This includes the 
economical handling of raw materials in the production process, but above all targets 
the completion of material cycles in a closed loop system. It is helpful that resource 
efficiency has recently become one of the top issues in global politics. At the 2015 
Summit in Elmau, Germany, G7 leaders made a statement on resource efficiency for 
the first time and initiated a series of further international activities at OECD and UN 
levels. They also called for initiatives from industry and good corporate examples. The 
European Union and individual countries have made resource efficiency a field of 
political action. In Germany, the Federal Government has already put forward a second 
programme on resource efficiency. Even the individual federal states in Germany are 
active and have discovered resource efficiency as an important sustainability issue.

24.2  Many Reasons for Resource Efficiency

The reasons for promoting resource efficiency are many and varied. At the corporate 
level, the focus is primarily an economic one. On the one hand, companies want to 
secure their supply situation with key raw materials. On the other hand, they want to 
reduce their costs. In general, the costs of materials have increased substantially in 

Fig. 24.1 Price development of the two rare earth elements neodymium and dysprosium by com-
parison with gold in per cent of the prices in January 2008 (Source: Schmidt et al. 2017)
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recent years. While in an average German industrial plant energy costs account for about 
2%, material costs account for almost 45% and are more than twice as high as personnel 
costs. If the target is to lower costs, it is important to tackle the large cost blocks, in this 
case the material costs. Interestingly enough, considerable potentials for savings are 
apparent here too. Admittedly, attempts have always been made to reduce material costs. 
However, such attempts were understood primarily as a task for the procurement depart-
ment, i.e., pertaining to the negotiation of low raw material prices. When it came to in-
house potentials for saving, companies tended to look more at personnel or energy costs. 
It has been determined on the basis of various case studies that potentials for saving 
through material efficiency are distinctly higher and lie in the range of a few per cent of 
turnover. As many measures are organisational in nature and do not require any major 
investment, these savings also have a direct effect on profit margins. For this reason, 
material efficiency measures can leverage the profit situation of companies.

From an ecological standpoint, the careful and efficient handling of resources is 
called for. Here it is less the supposed geological scarcity that is crucial but the envi-
ronmental impact of extraction. The extraction of raw materials involves considerable 
effects on the environment as it occurs in ecologically sensitive areas or in regions 
with low standards of protection and conservation. Around 10% of the world’s pri-
mary energy consumption is used to extract raw materials. The share of raw material 
extraction in greenhouse gas emissions is correspondingly high. Reducing the use of 
raw materials thus additionally contributes to climate change mitigation.

Finally, the extraction of raw materials also carries social implications. Many raw 
materials are extracted in countries with low standards of labour protection, child labour, 
fair wages etc. In some countries the extraction of raw materials even finances civil wars 
or military conflicts. Resource efficiency is therefore called for on economic, ecological 
and social grounds and should be a central concern of any sustainability strategy.

For the actors, the reasons for implementing resource efficiency measures vary 
widely. Sustainability, environmental protection or social standards are important in 
society and the world of politics. However, for a company that operates in line with 
the rules of a market economy, these will only be of secondary importance. The 
most important argument is always profitability and hence the question of costs. 
This must be considered when it comes to implementation strategies. Sustainability 
and environmental consciousness have little power of conviction and drive only a 
few pioneering green companies.

24.3  Regional Commitment in a High-Tech Region

In Germany, the southern Federal State of Baden-Wuerttemberg is characterised by a 
high degree of industrialisation, a strong automotive industry and manufacturing 
industry of machinery and equipment. The manufacturing industry contributes 35% to 
the gross domestic product, while the figure for Germany as a whole is 23%. By way 
of comparison, in the UK the relevant figure is only 11%, and in the USA, 12%. At the 
same time Baden-Wuerttemberg is the first German state with a Prime Minister from 
the Green Party, which is particularly significant for sustainability. In March 2016 the 
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first state strategy on resource efficiency was presented. This was preceded by a 
comprehensive stakeholder process with participants from research and academia, 
business and industry and civil society.

One major concern of the state government of Baden-Wuerttemberg is to moti-
vate the companies in the manufacturing industry to produce in a more resource 
efficient way. However, this is not understood as a regulatory measure in which the 
use of raw materials is limited or controlled. Instead, the companies are encouraged 
to adopt innovative solutions and act on their own initiative. This lies in the tradition 
of the region, which is home to many high-tech companies, hidden champions and 
inventors. The cooperation between politics and business in the matter of resource 
efficiency therefore ranks very high.

The targets of the state strategy for resource efficiency are:

• Uncoupling economic growth from the consumption of resources while retaining 
and expanding the high share of manufacturing and preserving the economic 
structure of Baden-Wuerttemberg

• Supporting the goal of the National Sustainability Strategy—i.e., doubling raw 
material productivity between 1994 and 2020

• Developing Baden-Wuerttemberg to become the leading market for and leading 
supplier of resource efficiency technologies and thus one of the most resource- 
efficient regions

• Supplying safe raw material to industry through more efficient extraction of pri-
mary raw materials and increasing the share of secondary raw materials

For around 20 years now there have been repeated attempts with funded projects 
in Baden-Wuerttemberg to make production gentler on resources in the factories. One 
example here is the BEST programme, in which some 50 companies were funded. 
There have been many other funding programmes to promote resource efficiency both 
at a national level as well as in other German states. Consequently, a broad empirical 
data basis is available. It has been established that the savings potential for companies 
is substantial and leads to pay offs in both economic and ecological terms.

However, the problem that arises is that the positive experiences gained from such 
projects are not automatically perpetuated, i.e., they are not self-disseminating among 
the target group in the industry. This phenomenon has already been the subject of a 
number of research projects. One important explanation that has been  discovered is that 
there is a lack of suitable, practical examples that are described publicly and that dem-
onstrate the potential for savings. Companies that implement efficiency measures suc-
cessfully are generally unwilling to talk about the economic returns, as they fear that 
customers in the B2B sector or competitors will quickly nullify their individual com-
petitive advantage. That is why there is very little communication about particularly 
successful examples. The companies are quite reserved, even regarding non-monetary 
data, such as e.g. how much material or what level of CO2 emission has been saved.

However, the commitment of industry is necessary to realise resource efficiency on 
a large scale. For this, impressive case examples are required. The leading industrial 
associations in Baden-Wuerttemberg recognised this and in 2013 together with the state 
government entered into an Alliance for Resource Efficiency. The goal of this Alliance 
was to convince over 100 companies to present examples of their operations publicly.
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24.4  Approaches to Operational Resource Efficiency

For measures at the plant operational level, the crucial factor is what amount of 
primary raw materials and energy can be saved by resource efficiency and whether 
environmental impacts, e.g., greenhouse gas emissions, are reduced. The compa-
nies, on the other hand, as a rule evaluate efficiency measures solely on the basis of 
costs saved. Both viewpoints are legitimate as long as they serve the overarching 
goal. Figure 24.2 shows what importance an operational measure can have for the 
conservation of resources.

The most frequent starting point is to reduce residual materials and production 
wastes (No. 1 in Fig. 24.2). This reduction also leads to a lower material require-
ment, which has reverberations along the entire pre-chain. Residual materials that 
cannot be avoided can be recycled (No. 2). Even more important are the demateri-
alising (No. 3) and recycling of the products (No. 4) or the use of alternative materi-
als (No. 5), e.g., from renewable sources.

It is notable that these measures generally also save energy along the value chain. 
By contrast, the reduction of in-house recycling flows admittedly does not contrib-
ute to conserving resources, but it does lead to a lower energy input and an increase 
in productivity (No. 6).

The opportunities for resource efficiency in a manufacturing company are 
diverse, but they depend on the nature of production and of the products. In con-
trast to the field of energy efficiency, material efficiency seldom displays groups of 
measures that can easily be transferred from one plant to another, such as, e.g., 
lighting, the use of compressed air or heat recovery. Consequently, each company 
needs to conduct specific analyses of its potential for saving on costs. Typical 
approaches are listed in Fig. 24.3.

Fig. 24.2 Savings in the material and energy flows in the overall context of the product life cycle 
(Source: Schmidt et al. 2017)
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Fig. 24.3 Overview of possible operational measures for resource efficiency (Source: Schmidt 
et al. 2017)
Legend
1. Delivery
 – Transport damage
 – Shrinkage
2. Store intake warehouse
 – Incorrect arrangements
3. Product development
 – Functionality
 – Dimensioning
 – Material selection
 – Recycling capability
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Fig. 24.3 (continued)
4. Production planning
 – Production optimising
 – Batch sizes
5. Yield planning
 – Offcuts
6. Individual process
 – Energy and operating consumption
 – Rejects
 – Residual materials
 – Productivity
 – alternative technology
7. Set-up processes
 – Start-up losses
8. Post-processing/re-working
 – Energy and operating material consumption
 – Rejects
9. Internal cycle management of product
 – Energy consumption
 – Operating material consumption
10. Auxiliary processes (Energy and operating materials)
 – Efficiency
 – alternative technologies
 – alternative operating materials
11. Internal cycle management of operating materials
 – Wastes
 – Emissions
 – Use of waste heat
12. Packing and packaging
 – Selection of packing materials
 – Suitability for re-use
13. Dispatch or intermediate store
 – Over-production
 – Storage damage
 – Perishability
14. Distribution
 – Breakage
 – Shrinkage
15. Building management
 – Lighting
 – Heating/air conditioning
 – IT
 – Canteen and sanitary sector

24.5  The 100 Companies Project

The 100 companies project sought case examples from manufacturing in which the 
companies successfully saved resources, either energy or materials, or distinctly 
improved their resource efficiency (e.g. through increasing output yields). The focus 
lay on material efficiency and production methods. Purely product-related measures 
were not taken into account.
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The project started in autumn 2014 and was funded by the State of Baden- 
Wuerttemberg. It was implemented and provided with professional support by three 
partners: the Institute for Industrial Ecology of the University of Pforzheim (INEC), 
the State Environmental Technology Agency Baden-Wuerttemberg (UTBW) and 
the Institute of Human Factors and Technology Management (IAT) of the University 
of Stuttgart.

Companies had to apply actively to be included among the “100 companies”. 
Application was open to manufacturing companies that had implemented measures 
at a location in Baden-Wuerttemberg and were willing to describe these publicly 
and quantify the savings effect. Application was possible via a comparatively sim-
ple form in which the company described the measure and crucially the calculated 
potential for savings.

The quantifying of savings potentials was mandatory for all applicants, but there 
were several possible ways of doing this, as experience has shown that companies 
have difficulties here. Physical quantities or energy saved in kilowatt hours per year 
or savings of certain raw materials in tons per year could be quantified. However, it 
was also possible to state potentials for cost savings (in EUR per year). As one 
essential goal of resource efficiency is also to reduce environmental impact, it was 
further possible to quantify savings in the form of CO2 emissions avoided. In special 
cases the potentials for saving could be stated in percentage terms. However, figures 
always had to be plausible and transparent. The model character of the case example 
was crucial for the project.

The applications received were subjected to technical evaluation by the project 
partners. A jury consisting of one representative from each of the participating 
industrial associations, the state government and the project partners then made the 
final selection. By November 2016 around 120 applications had been received, 
from which the jury selected approximately 80 examples. The first 50 examples 
were presented at the Resource Efficiency Congress of the State of Baden-
Wuerttemberg with over 700 participants in autumn 2016. The other examples will 
be published in 2017.

24.6  Examples from the Project

A few selected examples are presented briefly below. The complete list with detailed 
descriptions has been published in book form and will also be available online.

24.6.1  Fewer Residual Substances: Protektorwerk Florenz 
Maisch GmbH, Gaggenau

In interior finishing work in building construction, metal profiles are used for plas-
tering edges and special structural details. These metal profiles normally have per-
forations so that the plaster adheres better. The profiles are made from a metal strip 
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into which holes are punched. Consequently, large quantities of punching wastes are 
produced.

The firm Protektorwerk set itself the goal of producing perforations without 
waste. For this purpose the sheet metal is now no longer punched, but instead cut 
using a special technique and then pulled apart as in Japanese origami folding tech-
niques (see Fig. 24.4). In this way no waste is generated, but the metal profiles sat-
isfy their function equally well. The company developed the production machinery 
for this operation itself.

Galvanised steel is used for the sheet metal and with the new method no 
punching wastes result anymore. In this way it was possible to save 20% of steel 
used.

24.6.2  Lighter Products: Duravit AG, Hornberg

The firm Duravit AG is based in the Black Forest and produces ceramic objects for 
bathrooms, e.g., washbasins. Ceramic is heavy and has to be fired. In other words, 
the process also requires a high energy input. The wall thickness of washbasins is 
12–14 mm. This wall thickness is necessary in order to guarantee the strength of the 
product. That is why complicated forms go hand in hand with a very high weight. 
To date, it was not even possible to realise some product geometries at all.

Fig. 24.4 Sheets are cut (left), pulled apart (centre) and then brought into their final form (right) 
(Source: Protektorwerk Florenz Maisch GmbH)
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Duravit AG has now developed a new material that allows strength at lower wall 
thicknesses. A washbasin that was previously 11 mm thick and weighed 10.3 kg can 
now be produced with a thickness of 7 mm and a weight of 7.4 kg. This saves not 
only raw materials, but also energy for the firing process. Furthermore, cost savings 
and lower CO2 emissions are achieved.

An interesting aspect of this example is that it is now also possible to make prod-
ucts with a new design (see Fig. 24.5). In particular thin-walled washbasins with 
delicate processing suddenly offer new competitive advantages for the company in 
addition to the other cost-related benefits.

24.6.3  Re-use of Machinery: Robert Bosch GmbH, Stuttgart

The large Bosch corporation operates 25 manufacturing plants worldwide. It repeatedly 
occurs that production plants and machinery are no longer needed because production 
has been converted or because a product line is discontinued. The goal of the company 
was to re-use these machines, to coordinate such re-use worldwide and thus to reduce 
new investment requirements.

For this purpose Bosch set up a Re-Use-Team that coordinates this further use. 
The machines have to be upgraded in order to bring them into line with the latest 
state of the art and to satisfy current energy standards.

Fig. 24.5 The innovative material DuraCeram® allows lighter and more delicate structures 
(Source: Duravit GmbH)
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To date, 1565 machines have been re-used again in this way since 2009. This is 
equivalent to EUR 260 million in savings on new investments. At the same time 
6000 t steel, 500 t aluminium, 141 t copper and 282 t plastic were saved. The amount 
of steel saved alone avoided over 35,000 t CO2 emissions.

24.6.4  Paint Separation: Daimler AG Gaggenau

When automotive parts are painted, one wasteful result is large amounts of over-
spray. An important function in painting facilities is to collect the overspray, i.e., the 
paint, which does not land on the object during the coating operation. This is gener-
ally done through wet separation; that is, the overspray is absorbed by water. The 
water then subsequently has to be separated from the paint in an expensive process 
and the paint sludge has to be disposed of as waste.

One alternative to this is a dry method in which the overspray is caught by plastic 
fins (see Fig. 24.6). After drying of the paint, the fins can be dismounted and cleaned 

Fig. 24.6 View from the dry separation with the fins (bottom) in the painting booth (Source: 
Daimler AG)

24 The 100 Companies Project Resource Efficient Practice Cases from Producing…
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using specially designed brushing machines. This saves water at the site, and also 
avoids 9 t/a hazardous waste. At the same time it is possible to save electric power 
and natural gas, which leads to reductions in CO2 emissions of 160 t p.a.

24.7  Conclusion

Resource efficiency at plant operational level ranks high among policy implementa-
tion strategies. This is where the technical innovation potential that can achieve the 
desired reduction in use of resources is based. However, addressing and motivating 
the actors in the industrial sector is a difficult task, as the companies act and react in 
accordance with different rules than those prevailing in the world of politics or aca-
demia. For companies, the focus is primarily on economic arguments. Moreover, at 
the same time competition prevents them from communicating innovative ideas or 
good case examples frankly and to a broad base. This makes it more difficult to dis-
seminate best practice cases. So far, very little has been published about these 
impediments and about the success factors of positive examples.

If we want to integrate companies and industry as important partners in resource 
efficiency strategies, the dissemination of innovative ideas and technologies must be 
made attractive for manufacturing companies and be conducive to their competi-
tiveness concerns. This has not been achieved to date. Communicating best practice 
cases and promoting participating companies through media and PR outlets is one 
possible way of facilitating resource efficiency among the actors in industry.
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Chapter 25
Lifestyle Material Footprint of Finnish 
Households – Insights, Targets, Transitions

Michael Lettenmeier

Abstract This chapter presents the results of and reflects on several projects and 
studies that analysed the material footprints of Finnish households on a micro level 
and developed options for a transition towards sustainable household consumption. 
We started 10 years ago by establishing a database and methodology for assessing 
the material footprint of household consumption. The first projects thus concen-
trated on analysing Lifestyle Material Footprints and understanding the facts behind 
them. A sustainable annual target level of eight tonnes per person was introduced in 
a later study. On the basis of this, measures for a transition towards the target were 
developed and implemented in experiments with households and other actors in 
recent projects. Currently, a joint effort between municipal, private and educational 
actors seeks to challenge households to systematically reduce their material foot-
prints. The chapter concludes that the Lifestyle Material Footprint is suitable for 
providing relevant insights into household consumption, illustrating sustainability 
targets and facilitating the transition towards sustainable lifestyles.

Keywords Household • Consumption • Lifestyle • Material footprint • Natural 
resources • Sustainability

25.1  Introduction

Household consumption is a relevant factor in terms of natural resource use. On a 
global level, the role of household consumption is increasing because affluence and 
population are growing faster than technological efficiency (Lorek and Spangenberg 
2014). In the European Union approximately 55% of the final use of resources is 
due to households, a share that exceeds public consumption and capital formation 
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(Watson et al. 2013). Already in the 1990s authors stated that in order to achieve 
sustainability a considerable reduction of resource intensity has to take place in 
Western economies (Schmidt-Bleek 1993) as well as Western lifestyles (Heiskanen 
and Pantzar 1997).

This chapter reports and reflects on several studies on the Lifestyle Material 
Footprint (LMF) of Finnish households and the potential transition to a more sus-
tainable consumption level. The projects started by analyzing LMFs to develop a 
LMF sustainable consumption target of eight tonnes and then used this target to 
implement the transition in household consumption.

25.2  Materials and Methods

The principal method utilised in this chapter is based on a micro-level LMF calcula-
tion for households. The LMF as a methodology is itself based on the MIPS concept 
(material input per unit of service, Schmidt-Bleek 1993). It encompasses the natural 
resource categories of abiotic materials, biotic materials and erosion in agri- and 
silviculture and includes both materials used by the human economy and unused 
extraction (see Schmidt-Bleek et al. 1998, Ritthoff et al. 2002, Aachener Stiftung 
2011). Lettenmeier et al. (2009) proposed the term material footprint as a synonym 
for the ecological backpack in order to extend the footprint metaphor to material 
use. On the micro-level, this has become state of the art (see Liedtke et al. 2014). 
The micro-level material footprint as used in this chapter includes the same resources 
as the two macro-level indicators: TMC (total material consumption) and TMR 
(total material requirement). On the macro-level, however, Wiedmann et al. (2015) 
used the term material footprint as a synonym for RMC (raw-material consump-
tion), which has since become common practice on macro-level (see e.g. Chap. 4 of 
this book). The RMC includes the use of materials throughout the value-chain but 
excludes unused extraction as the data here is not yet available or systemised suffi-
ciently (see also Chap. 4). Therefore, while methodologies for assessing the RMC 
of nations have developed faster and further than TMC accounting so far, the prob-
lem with leaving unused extraction out of the calculations has been recognised and 
should be tackled further (e.g. Dittrich et al. 2012, Lettenmeier and Heikkilä 2015).

As a micro-level indicator, MIPS was initially used for calculating the natural 
resource use of products and companies (e.g. Ritthoff et al. 2002). Before the year 
2006, households were covered mainly as one sector in the macroeconomic TMR 
and TMC calculations (e.g. Adriaanse et al. 1997). However, these calculations do 
not provide insight in the resource use of specific households and the factors that 
influence resource use (Teubler et al. 2016). In addition, their results can differ from 
micro-level calculations (e.g. Lähteenoja et al. 2007) because of different allocation 
procedures—for example, in relation to infrastructure (for details, see Lettenmeier 
et al. 2014).

Table 25.1 gives an overview on the projects that analysed the LMF of Finnish 
households. The series of projects covered by this chapter started in 2006 by estab-
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lishing a database and methodology for assessing the LMFs of households. The 
database and methodology were used in all the projects described here with some 
adjustments over the course of each project. In each project, the LMF of a number 
of households was analysed on the basis of consumption surveys. The households 
were then chosen out of a larger number of applicants. The main goal of the final 
choice was to get a sample of widely varying households to allow for insights in 
terms of size, affluence, living conditions, etc. An exception to this procedure was 
project 2 where a random sample of 170 low-income single households out of the 
database of the Finnish social security institution KELA was invited by paper mail 
and all 18 respondents were accepted to participate (Hirvilammi et al. 2013).

While LMF calculation was a basic part of all projects, the other methods applied 
varied according to the projects’ foci. Project 1 had to establish a database for LMF 
calculation by means of a MIPS calculation for numerous household-related goods 
and activities. After this, the project had to develop an acquisition method for house-
hold data that was both sufficient in terms of data quality and feasible in terms of the 
amount of effort demanded of the households. The consumption components were 
monitored or reported on during a period of 6 weeks and included housing, mobility 
and leisure time activities, nutrition, packaging and wastes, tourism and summer 
houses as well as household goods and appliances. Project 2 was motivated by proj-
ect 1 but the focus was instead at the interface of ecological and social sustainability. 
For data collection, the project combined in-depth interviews with questionnaires so 
that data collection was reliable but required less time and effort on the part of the 
households. Single households were chosen for the study as this is the most com-
mon household size in Finland and because individual material footprints are more 
unambiguous to calculate and compare. The project was also the first one that 
applied the concept of a sustainable level of LMF partly initiated in project 3 and 
finally published by Lettenmeier et al. (2014). Project 3 covered sustainable future 
lifestyles on a very broad basis and used the LMF as a means for visualizing and 
cross-checking the sustainability of different lifestyles and future options. Compared 
to the other projects, the LMF assessment in this project used a web survey that 
provided less detailed results, probably on the low side in terms of LMF level but 
still sufficient level for considering and discussing future lifestyle options. Project 4 
focused on the active transition process at the household level and the supporting 
systems around the household for reducing footprints to a more sustainable level. It 
covered the whole transition cycle (see Laakso and Lettenmeier 2016) from prob-
lem assessment (LMF calculation) to future visioning (roadmaps), experimenting 
and considerations for mainstreaming. Project 5 focused in a pragmatic way on the 
local feasibility of making lifestyles sustainable and improving the prerequisites for 
doing so. Both projects 4 and 5 were based on a detailed 3 weeks long consumption 
survey that included the consumption components: housing, mobility, leisure time 
activities, tourism (incl. Summer houses), nutrition, and household goods and appli-
ances. Both projects also included an assessment of the households’ carbon foot-
prints (CF).

25 Lifestyle Material Footprint of Finnish Households – Insights, Targets, Transitions
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25.3  Insights – Lifestyle Material Footprints of Finnish 
Households

Project 1 (FIN-MIPS Household) assessed the natural resource consumption of 27 
households from three regions in Southern Finland. The households had a total of 78 
members and the household size varied from one to nine persons. With a natural 
resource consumption level of 39 tonnes per person in a year, the average LMF of the 
participating households was close to the Finnish average. However, differences 
between the individual households ranged from 13 to 118 tonnes, respectively, i.e., a 
factor of nine between the households with the lowest and highest levels of consump-
tion. In most cases, mobility, housing, nutrition and tourism were the most relevant 
consumption components of the participating households (Kotakorpi et al. 2008).

As a part of the project ‘Back to basics: Consumption and basic income secu-
rity’, the LMF and the quality of life of 18 single households living on basic social 
security was analysed. The income of the participants ranged from 400 to 1200 
Euros per month, which is low compared to the average Finnish income of approxi-
mately 3000 Euros. The material footprint of the participating single households 
ranged from 7 to 35 tonnes per year, which means a factor five of maximum differ-
ence. The households’ consumption patterns were rather similar and comprised pri-
marily of housing, nutrition and daily mobility but varied highly in leisure time 
activities and travelling (Hirvilammi et al. 2013; Lettenmeier et al. 2012).

Figure 25.1 shows that the LMFs and the material footprints of the three most 
relevant consumption components of the participants in projects 3, 4 and 5 show 
similar patterns as in project 1. Conversely, the low-income participants in project 2 
show smaller footprints in nearly every aspect. Nutrition and housing had a higher 
material footprint than mobility for most participants in project 2. This underlines 
the prominent role of basic needs for low-income households (Lettenmeier et al. 
2012).

Out of the 69 households that participated in the studies mentioned, only one 
person in project 2 had a LMF within the ecologically sustainable level of eight 
tonnes per person per year. However, during the study this person did not have a 
home but lived instead with friends on a temporary basis. Thus, only electricity and 
heat consumption in the friends’ apartment and no built infrastructure was allocated 
to that participant’s housing footprint. As this example shows, in the present Finnish 
society an ecologically and socially sustainable lifestyle can hardly be achieved 
simultaneously. The fact that all other low-income households exceeded the sustain-
able level of eight tonnes shows that sustainable lifestyles cannot solely be achieved 
by reducing consumption and that material structures, e.g., the physical infrastruc-
ture provided by society and the products and services supplied by producers, 
greatly determine the environmental impacts of people’s lifestyles (e.g. Hirvilammi 
et al. 2013).

Projects 4 and 5 also assessed the carbon footprint (CF) of households in addition 
to the LMF. The results show that in general, both footprint methods provide similar 
results. In general, mobility shows a higher share in the LMF than in the CF of house-

M. Lettenmeier
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holds, while nutrition usually has a slightly lower share in the LMF. This is mostly 
due to the fact that infrastructure plays a more visible role in the LMF of households 
than with most other indicators. Nevertheless, both the LMF and CF of households 
provide rather similar results—with a few relevant exceptions. Oil heating and air 
travel greatly affect the CF but do not play a special role in the LMF because burning 
oil and kerosene releases large amounts of CO2 but their production is not especially 
material-intensive and air traffic requires relatively little infrastructure (e.g. Kotakorpi 
et  al. 2008; Lähteenoja et  al. 2006). On the other hand, the use of electric cars 
decreases the CF of car-driving whereas it increases material footprints because elec-
tric cars require the same amount of infrastructure and the motive system of electric 
cars is more material-intensive than that of conventional cars. Additionally, electric 
power itself may also be material-intensive (e.g. Frieske et al. 2015).

25.4  Targets: The Eight Tonnes Resource Cap as a Vision 
and Benchmark for Future Lifestyles

During project 3 (SPREAD), the need arose to determine a specific sustainable level 
of LMF and what it could consist of. On the basis of macro-level considerations 
(Bringezu 2009), a sustainable LMF level of eight tonnes per person per year by 
2050 was suggested (Lettenmeier et  al. 2014). The purpose of the eight tonnes 
vision is to illustrate and support the understanding of future sustainable lifestyles. 
Although future lifestyles will be diverse and vary widely between different 
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Fig. 25.1 Overview of LMF results (Sources: Kotakorpi et  al. 2008; Lettenmeier et  al. 2012, 
2015; Verbree et al. 2013; Vähähiilinen 2016)
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households (Leppänen et al. 2012; Kuittinen et al. 2013), the eight tonnes vision can 
serve as a benchmark illustrating the amount and quality of goods, services and 
activities that fit into a sustainable lifestyle, accessible to all humans on Earth. 
Table 25.2 shows one example of the LMF reduction in different consumption com-
ponents to achieve a sustainable LMF on a household level.

Lähteenoja et al. (2013) point out that a “lot of imagination is needed to under-
stand how the shift from the current overconsumption can be turned into sustainable 
lifestyles for all. On the one hand, we need a deeper understanding on how to scale 
up current promising practices. On the other hand, we need to know how far these 
practices will take us towards sustainable living for all, and what kinds of new cre-
ative solutions, currently unknown or ‘unthinkable’, might bring us there.” Based on 
various weak signals and promising examples, the eight tonnes concept is a sugges-
tion for a possible sustainable lifestyle, and thus helps to clarify and envision the 
shift from overconsumption to sustainability.

Although the calculations and database of the eight tonnes concept are mainly 
based on the data used for LMF calculations of Finnish households, the magnitude 
of the target itself is relevant for other countries as well. The TMC target (10 tonnes 
per capita per year), which the eight tonnes suggestion for household consumption 
is based on, has been reinforced by recent research on sustainable resource use 
(Bringezu 2015). The challenge in terms of lifestyle transition will be similar for 
other Western industrialized countries because similar levels of TMC have been 
reported for many Western countries (Bringezu et al. 2009).

The eight tonnes benchmark can also be used for developing sustainable solu-
tions for future markets. Lettenmeier (2017) presents an ‘Evaluation Framework for 
Design for One Planet’ that is based on the eight tonnes concept. The framework is 
intended as both an evaluation tool and a source of inspiration to promote design 
solutions supporting one-planet lifestyles. The World Business Council for 
Sustainable Development (WBCSD) has considered options and pathways for 
achieving sustainable lifestyles in the huge emerging markets of India, Brazil and 
China. With average LMFs of 8.4, 11.4 and 15.2 tonnes per person, respectively, 
these countries are currently much closer to the sustainable level of LMF than 

Table 25.2 Present average Finnish material footprints and future requirements in the different 
consumption components

Consumption 
component

Current material 
footprint

Sustainable material 
footprint Change required

kg/(person·a) Share kg/(person·a) Share % Factor

Nutrition 5900 15% 3000 38% −49% 2.0
Housing 10,800 27% 1600 20% −85% 6.8
Household goods 3000 7% 500 6% −83% 6.0
Mobility 17,300 43% 2000 25% −88% 8.7
Leisure activities 2000 5% 500 6% −75% 4.0
Other purposes 1400 3% 400 5% −71% 3.5
Total 40,400 100% 8000 100% −80% 5.1

Source: Lettenmeier et al. (2014)
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Western countries although projections show that on a business as usual basis their 
average LMFs are likely to increase (WBCSD 2016a, b, c). The present average 
LMF values of these countries show that currently large groups of people must have 
considerably lower footprints than the sustainable level. Thus, if dematerialized 
goods and services are developed systematically and soon, the living standard of 
many people could be improved immensely without a need for exceeding the sus-
tainable LMF level.

25.5  Transitions: Households on the Road to Sustainability

The European Commission’s Framework Programme 7 (FP7) project ‘SPREAD 
Sustainable Lifestyles 2050’ (project 3 in Table 25.1 and Fig. 25.1) consisted of a 
European social platform investigating ways of more sustainable everyday living at 
the household level. In the project, four future scenarios for European sustainable 
lifestyles in 2050 were developed that described links between emerging lifestyle 
patterns and infrastructural development and were based on the prerequisite of a 
LMF of eight tonnes per capita per year. The scenarios demonstrate that there are 
several ways and alternatives to sustainable lifestyles and societies. By using a 
backcasting methodology, the project tried to understand how changes in societies 
emerge and transform, and how lifestyle-level experiments could serve as bottom-
 up actions for macro-level transitions (Leppänen et al. 2012; Lähteenoja et al. 2013; 
Neuvonen et al. 2014; Mont et al. 2014). One part of the project called ‘iFuture’ 
investigated how new ideas could reduce peoples’ material footprints in practice. 
The material footprints of participants from four European countries were calcu-
lated and, in addition, deep interviews were conducted on the participants’ life situ-
ations, everyday choices as consumers, own experiences, values and futures. On the 
basis of the participants’ lifestyle profiles and material footprints, sustainable future 
projections were developed and discussed, which again showed the diversity of 
future sustainable lifestyles (Kuittinen et al. 2013).

While project 3 already largely focused on visioning future lifestyles, the proj-
ects ‘Future household’ (4) and ‘Low-carbon April’ (5) also experimented with 
future lifestyles and considered options for mainstreaming. In project 4, households 
developed roadmaps for reducing their LMF until 2030 by 37–61%, which is about 
half way towards the eight tonnes target for 2050. During the experiment phase, 
households were able to reduce their LMFs by 26–54%. Although a part of the 
experiment was based on simulated services not yet existing on a regular basis in the 
region, the results showed that relevant reductions in LMF can be achieved even in 
the short term. In addition, households reported an increase in quality of life during 
the experiments because of, e.g., better mobility planning, home delivery of grocer-
ies or decreased living space. In an interview round several months later the project 
households conveyed that several options tested or developed in the project were 
still going on, e.g., ride-sharing, giving up the second car, planning co-housing in 
the city centre and increasing vegetable-based food. On the other hand, some 
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changes in life situations had also increased resource use, such as measures that 
required a new car. This implies the need for changes in supply structures that go 
beyond individual behaviour changes and temporary experiments in order to facili-
tate sustainable resource use.

Project 5 was similar to project 4, but due to a much smaller budget, the solutions 
tested had to be on the market in one way or another. This facilitated a pragmatic 
collaboration between the organizing local authority and local companies for sup-
plying solutions. Also the households’ target-setting was completed more quickly 
and with an easier process compared to the roadmapping process of project 4. On 
the basis of the options tested during the project and considered for the near future, 
the participating households were able to drop their material footprints by 5–49% 
and their carbon footprints by 8–77%.

25.6  Outlook: The Eight Tonnes Concept Spreading

The eight tonnes resource cap suggestion for households has gained interest both in 
and outside of Finland. The WBCSD activities for developing sustainable market 
solutions were described in section 26.4. In Germany, an online resource calculator1 
gives its users a LMF target for 2030 that is based on the eight tonnes target for 
2050. The calculator has already attracted tens of thousands of users. One project on 
the LMFs of 16 German households used a consumption survey adopted from proj-
ect 1 and calculated the LMFs with a mostly Germany-specific, partly more accu-
rate database (Greiff et al. 2017). The project showed similar results as the Finnish 
projects mentioned, with a tendency for lower footprints for mobility and higher 
ones for household goods. These differences can be explained by different con-
sumption patterns and different databases.

In the city of Lahti in Southern Finland, a joint effort of municipal, commercial 
and educational actors has started to challenge households to gradually but system-
atically reduce their material footprints. The challenge is called ‘Tonni lähti’, which 
in English has a meaning similar to one tonne less. The idea of the challenge is that 
by reducing one tonne of LMF per year, the average Finn would achieve the eight 
tonnes sustainable LMF by 2050. A website2 provides ideas and background for the 
challenge, including a link to the recently developed resource calculator.3 The cal-
culator was initiated by the Tonni lähti consortium. It corresponds to the German 
resource calculator, with a footprint database adapted to Finland but otherwise with 
the same questions on the user’s consumption and socioeconomic background. 
Thus, the data gathered by the Finnish calculator can be compared to the associated 
German data once it has been used widely enough. In addition, we have started to 
consider how to combine business interests and models with the calculator in order 

1 www.ressourcen-rechner.de
2 www.tonnilahti.fi
3 www.niisku.lamk.fi/~matlaskuri
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to promote one-planet businesses on the one hand and on the other to increase the 
challenge’s significance and reach by incentivising businesses to promote it.

25.7  Discussion and Conclusions

On the basis of the experiences and conclusions from the projects described in this 
article, a LMF assessment of households appears feasible and reasonable. It can 
provide relevant insights that can help to direct the transition efforts of both house-
holds and other actors. While macro-level calculations can provide data on the 
resource use from household consumption, micro-level data as provided by the 
projects described here can highlight additional aspects, e.g., on the strong links 
between infrastructure and household consumption (Kotakorpi et  al. 2008; 
Hirvilammi et al. 2013). Although the general correlation between income and foot-
prints is widely known, micro-level studies can provide additional insights into 
questions of social practices, social status and the like (Kotakorpi et al. 2008; Laakso 
and Lettenmeier 2016; Teubler et al. 2016). The projects described in this chapter 
have also shown the inter- and transdisciplinary dimensions related to LMF calcula-
tion and reduction, which has links to, for instance, the social sciences, politics, 
business and design.

As a holistic indicator, the LMF is well suited for covering the multifaced nature 
of household consumption. Overall, LMF results correspond well to CF results but 
the LMF illuminates a greater range of influencing factors than a CF analysis. 
Therefore, in cases with a low material footprint but high additional footprints, it 
may be necessary to reduce specific environmental impacts (e.g. climate change 
with oil-heating or air travel). Conversely, solutions with high material footprints 
despite low CFs (e.g. electric cars) may actually be insufficient for reducing overall 
environmental pressure.

Although there were large differences across households in both the level and 
composition of LMFs, out of all the households studied in all five projects only a 
homeless person achieved a LMF below the sustainable level of eight tonnes. This 
shows that present Finnish (and Western) lifestyles are far from sustainable. In 
present- day Finland, a decent lifestyle is hardly achievable within the ecological 
limits of natural resource use.

Yet, there are huge potentials for reducing LMFs. Considerable reductions are 
possible even in the short term (Laakso and Lettenmeier 2016) and even with 
increasing quality of life. A variety of solutions for decreasing LMFs already exists 
(e.g. Lettenmeier et al. 2014; Lettenmeier et al. 2015; Vähähiilinen 2016) and with 
a concerted effort by companies and authorities, remarkable reductions in LMFs 
can be achieved in the following years. From this perspective, achieving a sustain-
able LMF by 2050 appears possible although it will require notable improvements 
in consumption, production and infrastructure. There is every reason to believe that 
future sustainable lifestyles will be as diverse as present lifestyles (Leppänen et al. 
2012; Kuittinen et al. 2013).

25 Lifestyle Material Footprint of Finnish Households – Insights, Targets, Transitions
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Chapter 26
Construction 4.0: The LifeCycle Tower 
and Digitalised Timber Construction

Hubert Rhomberg

Abstract The purpose of this paper is to rethink the world of construction anew and 
to transfer it to the future with modern methods and technologies. To this end, we 
present the LifeCycle Tower (LCT)-construction system that was developed at the 
end of 2010 as part of a multi-annual, cooperative and interdisciplinary research proj-
ect lasting over several years. It combines two problem solving approaches that sig-
nificantly contribute to a CO2-neutral building sector: the utilisation of wood as a 
building material and the regional realisable modular construction system. 
Additionally, a comprehensive energy supply concept was developed that helps to 
reduce energy demand to a minimum and is at the same time in tune with the needs of 
the users. Rhomberg is also changing the development and planning process with his 
disruptive approach: Turning and anchor point of the new building will be an interdis-
ciplinary, digital, living platform – a kind of cybernetic table for everything involving 
the topics “planning, erecting and operation” of buildings. With these developments, 
construction, as we know it, is completely modified and turned on its head.

Keywords Bauen 4.0 • Internet of things • 3th revolution • BIM • LifeCycle tower 
• Hybrid slabs • Tall buildings • Illwerke Zentrum Montafon • Prefabrication  
• Carbon storage technology • Less tech • Dismantling • LCT • From the ego to the 
lego principle • Education • Cree by Rhomberg • Platform technology • Digital twin 
• Digitization

26.1  Introduction

The LifeCycle Tower construction system was developed as the result of a two- stage 
cooperative and multi-disciplinary research project that spanned over several years. It 
combines two approaches which contribute significantly to a CO2-neutral building sec-
tor: the use of timber as a construction material and a regionally available prefabricated 
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construction system. The practicality of the system has now been demonstrated with the 
LifeCycle Tower ONE as a prototype and with several client projects (Fig. 26.1).

Compared to conventional building methods, the modular building system and 
prefabrication contribute significantly to a reduction in life-cycle costs. Timber is 
not only an ideal construction material, but is also totally renewable, CO2-neutral 
and represents careful use of resources. In addition, we have developed a compre-

Fig. 26.1 The LifeCycle Tower ONE in Dornbirn (Source: Norman A. Müller)

H. Rhomberg
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hensive energy supply concept, which reduces energy consumption to a minimum 
whilst also satisfying user requirements. Furthermore, we are currently transferring 
our system to a digital platform, which will turn the building process we are familiar 
with on its head.

26.2  The Status Quo

The construction arm of Rhomberg operates in an industry that consumes 40% of all 
resources and is responsible for about 40% of the waste generated worldwide and 
for 60% of all transport movements (UNEP 2009, p. 5). These statistics are a clear 
indicator that there is an urgent need for action in the construction sector. This is not 
made easier by the fact that the industry is mostly conservative in its approach, and 
innovations are only slowly and reluctantly accepted. Furthermore, almost all build-
ing projects are essentially producing prototypes, that is to say that each building is 
newly designed from scratch. In practice, it is usually not possible to simply repli-
cate existing design details, which means that experience gained from similar proj-
ects is lost. And – in most cases – the question as to what will happen to the building 
at the end of its service life is not even asked, not to mention answered. It is no 
surprise then that current construction methods are costly, use a lot of resources and 
are not very sustainable. This is bad news – particularly when considering that the 
availability of resources will be dramatically reduced in the near future. Last but not 
least, another challenge for the construction industry is the amount of red tape and 
the many regulations (such as those for obtaining housing subsidies), which can 
hinder the implementation of more sustainable methods. In Austria, about 6000 
standards regulate the methods used to erect buildings; this increases the construc-
tion costs by up to 15%.

Another important aspect to consider is the trend towards urbanisation. While in 
1800 about 25% of the population lived in cities, the proportion of city dwellers in 
2008 was 50% for the first time in the history of mankind (UNFPA 2014). Already 
today, over three-quarters of worldwide energy consumption is attributed to cities. 
It is expected that by 2050, over 75% of the world population will live in so-called 
megacities, i.e. cities with more than one million residents (UNFPA 2014). One 
consequence of this rapid growth in urbanisation is the scarcity of space, which in 
many cases can only be resolved by constructing multi-storey buildings. Up to now, 
urban construction methods have focused on traditional, conventionally produced 
prototypes that involve long construction periods and complex construction man-
agement. That means that currently, new buildings are mostly built in conventional 
solid construction (reinforced concrete skeleton construction).

26 Construction 4.0: The LifeCycle Tower and Digitalised Timber Construction



376

26.3  Method: “LifeCycle Tower” Timber Hybrid 
Construction System

In response to the aforementioned challenges, Rhomberg set itself the task of devel-
oping a construction method to build in urban settings that is suitable for digitalisa-
tion and satisfies the criteria for long-term sustainable construction and living. With 
support funding from the Austrian Federal Ministry for Transport, Innovation and 
Technology, we set up a research project to address these issues and – over a period 
of several years – we developed the LifeCycle Tower solution, which is based on the 
principles mentioned above, i.e. “building with timber” and “system construction”.

We were further inspired in our efforts by Prof. Schmidt-Bleek, who demands 
“de-materialisation” by a factor of 10 and – with his concept of “ecological back-
pack” – has developed an indicator for determining how sustainable a product, or 
building, is (Schmidt-Bleek 2004). The ecological backpack is a measure of the 
amount of resources consumed in the manufacture, use and disposal of products. 
From that we concluded that we should replace those materials that have a very 
large backpack with other, more resource-efficient materials. The solution is wood, 
one of the oldest building materials there is. It is a renewable raw material that is 
available in many countries all over the globe. It is also a CO2 sink and therefore 
plays an important role in balancing the world's climate; when used as a building 
material, it can reduce the total weight of a building by about 50%. Additional 
advantages are its high strength, good thermal insulation and the fact that it is 100% 
recyclable. Furthermore, modern timber construction offers a wide range of possi-
bilities in terms of construction and conceptual design.

26.3.1  An Ambitious Goal: Building High-Rise with Timber

When timber is to be used in cities, it is not only important to build large volumes, 
but also to be able to construct high-rise buildings. What was considered impossible 
until a few years ago has now become reality  – a resource-efficient solution for 
timber-based multi-storey buildings up to 30 floors or 100 m in height. With our 
subsidiary Cree GmbH (Creative Resource & Energy Efficiency), which was 
founded in 2010, we have developed a fully marketable and world-wide usable tim-
ber hybrid system for large buildings which can be individually designed and takes 
very little time to construct – the LifeCycle Tower (LCT) (Fig. 26.2).

Green building standards can be achieved in many ways. Many design solutions 
rely on sophisticated services installations to achieve significant energy savings and 
hence sustainability. However, in our opinion, that is not enough. If we really want 
to take a step towards a low-carbon construction industry, we have to consider the 
product from the cradle to the cradle, and we have to select materials accordingly 
early on during the design process. In the Cree system, we are conscious of the 
benefits of urban mining; we know the type and quantity of materials installed in the 
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building and we know how these materials can be put to new use again at the end of 
the building’s life cycle. What is new – and hitherto unique – in our approach is that 
timber is used without being encapsulated or treated in load-bearing elements, i.e. 
no cladding or lining is applied. Using this “unencapsulated” structure is another 
way of saving resources. In this construction, timber remains the surface material 
and can therefore be experienced by the users; timber also has a positive and healthy 
effect on the interior climate.

26.3.2  Maximum Flexibility Based on Modular System 
Construction

Up to now, construction in urban settings has used conventionally produced proto-
types with complex construction processes. This entails high construction costs, 
long erection times and significant design and construction risks. With the Cree 
system, we opt for a systems approach and an industrialised prefabrication process 
which has been used for decades in other industries, e.g. the automotive and ship-
building industry.

The fully detailed timber hybrid construction elements are prefabricated based 
on drawings and can be used universally – in office buildings, hotels or housing, for 
restaurants or retail facilities. Modular system construction presents several other 
advantages:

• Both changes of use and renovation are considerably simplified;
• The facades can be configured to suit various requirements and desires, making 

it possible for each LCT to be custom-designed;
• Since no load-bearing partition walls are required, there is greater flexibility in 

the sub-division of spaces;
• The energy supply (heat, electricity) is highly efficient and can easily be adapted 

to the local situation; the focus is on the use of renewable energy sources (follow-
ing standards such as Plus Energy, Passivhaus or Low Energy).

Fig. 26.2 The LCT ONE was constructed in 8 days (Source: Cree GmbH)
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26.3.3  Efficient Use of Resources on a Large Scale

With the construction of the first projects in Vorarlberg and beyond, Cree has dem-
onstrated that the system functions and is fully compliant with regulatory require-
ments, including fire protection – a key issue in timber construction.

LCT ONE, the eight-storey office building which was built in Dornbirn in 2012, 
is the prototype which is used by Cree GmbH and other tenants as company head-
quarters (Fig. 26.3).

It also accommodates the LifeCycle Hub, which is in a way a exhibition for items 
of the future, presenting sustainable solutions for the construction industry. This 
was followed in 2012 and 2013 by the new hydro power competence centre of 
Vorarlberger Illwerke AG in Vandans, Montafon, which was built using the Cree 
system and provides over 10,000 m2 of gross floor area – one of the largest and most 
sustainable timber hybrid buildings in the world (Fig. 26.4).

LCT technology was also used for extending the offices of plant manufacturer 
Wagnertec in Nüziders. Since then, the system has been used for the first time in a 
combined commercial and residential building in Memmingen (Bavaria). We will 
continue this success story and revolutionise the construction process with the LCT 
NEXT, which will shortly be constructed in Bregenz.

The Cree system demonstrates that the goals stipulated by the EU in 2011 in the 
resource efficiency program can be achieved, and that de-materialisation by a factor 
of 2 is already possible in the construction industry. This clever system can be used 
worldwide as a universal model and thereby make a big contribution to the transition 

Fig. 26.3 The LCT ONE (Source: Architekten Hermann Kaufmann)
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to a low carbon economy. The distribution of the system will stimulate economic 
growth which is intelligent (innovative, and based on knowledge), sustainable (com-
patible with the environment and hence more sustainable in the long run) and inte-
grative (new, regional “green jobs” strengthen social and territorial cohesion).

In short, I am convinced that multi-storey timber construction provides the solu-
tion in the quest for a sustainable resource-conserving building method, particularly 
in an urban context. But that is only part of the story.

Fig. 26.4 The Illwerke Zentrum Montafon (Source: Norman A. Müller)
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26.4  Bauen 4.0

The LCT construction system devised by Cree GmbH is only the beginning of a 
completely new and much more sustainable method of erecting buildings. 
Throughout the world we are experiencing a cultural, ecological and economic pro-
cess of change in which working and living can only be managed using innovative 
technologies and ecological concepts. When it comes to planning and designing 
change in the human environment, architecture and the construction industry face a 
challenge. To do this it is not sufficient to simply modernise existing processes and 
to digitalise the classic construction process – something that today, BIM (Building 
Information Modelling) is much too often understood to be. Instead, we must com-
pletely rethink construction (“Bauen” in German) as we know it today. The objec-
tive is to create a digital platform where all relevant information on building projects, 
regulatory requirements, building materials, building elements and stakeholders in 
the building process are compiled, so that this data is available, user-friendly and 
developed by all those involved in the process.

26.4.1  Digital Twin

This will make it possible, for example, to design a digital twin of the planned build-
ing before it is erected – in other words “building before building”. All simulations 
regarding the load-bearing structure, thermal insulation, fire protection, building 
automation, etc. can be incorporated in the form of such a digital twin. However, 
this means that all electric components need an appropriate IP address to enable 
them to be selected, operated and maintained from a cloud. This is a prerequisite for 
establishing the digital twin in the first step and, in the second step, for making the 
building suitable for the Internet of Things (IoT)1, rendering it into a smart building. 
This means that all processes relating to prefabrication, logistics, assembly and also 
of course dismantling, in addition to preventive and predictive measures for the use 
phase of the building, can be defined and derived from the model. This is an easy 
way of saving on electric wiring and cables by wireless connectivity, and hence of 
conserving valuable resources. This evolution makes the traditional design process 
in support of the construction, sometimes also in project rooms, obsolete. The digi-
talisation of the building process and the associated development have an impact on 
all parties involved. For example, architects and specialist engineers will in future 
take on the role of experts in detailed design. Submissions and building applications 

1 The notion of the “Internet of Things” is that the (personal) computer will gradually disappear and 
will be replaced by “intelligent objects”. Instead of being the object of human attention – as is the 
case now – the “Internet of Things” is intended to seamlessly support people in their activities. The 
computers embedded in things will become ever smaller, and are supposed to support people with-
out causing any distraction or even being noticed. (Source: wikipedia.org, 24 October 2016).
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in the conventional written form and 2D drawings will progressively be replaced by 
digital models, thus enabling municipalities to take a step towards the digital city.

Of course, such development has a corresponding impact on all current stake-
holders, not only the architects and specialist engineers. Everybody is involved, the 
tradesmen, authorities, service providers, contractors and customers – and above 
all, the manufacturing industries. For example, in future the choice of tradesman 
will be determined by which supplier can make his products available in the required 
Building Information Modelling (BIM) quality early on in the design phase. Shifting 
work processes from the building site to industrial production facilities can only 
succeed by radically reducing the existing interfaces and using appropriate semi- 
finished and finished products. This shift requires tradesmen to group together so 
that they can cooperatively produce modular elements. From this moment onward, 
many components of the services installations and the fit-out will be pre-assembled 
in components of the load-bearing structure (e.g. ceiling or column) and the external 
walls, providing a simple plug connection for these installations once the building 
shell has been assembled. With the help of this design method and pre-assembly of 
elements, it will be possible to apply quality and safety management methods such 
as FMEA2 as used in industrial production and shipbuilding.

However, the digital evolution cannot take place until it is no longer necessary to 
design each building from scratch and, instead, the plans of previously built projects 
are actually available for download on a platform. Once this has been established 
the foundations will be laid for a “sharing community” which will aim to make its 
plans available for use by everybody else, although its planned buildings will be 
adapted in accordance with the respective social, cultural and urban requirements. 
Everything is permitted, within the boundaries of compliance with certain rules and 
the use of specified building components. This is a prerequisite to generate the size 
of components (semi finished goods) needed by industry, to preserve resources and 
keep costs down while simultaneously improving quality. It follows that such an 
approach requires different tendering procedures such as design & build contracts3, 
or even design/build/operate contracts, in order to generate the maximum cascaded 
use of the digital twin. Once this step has been accomplished, it will be possible to 
duplicate and simulate the functions of 3D building models through to 7D4 facility 
management information in the digital twin.

2 Failure Mode and Effects Analysis.
3 Collaboration of design and build teams reduces interfaces during the complete building process 
and enable an optimization of resource input, process quality and timing. In combination with 
operate the complete lifecycle of a building can be optimized with know-how and experience of all 
participants.
4 BIM is much more than 3 dimension modelling. It includes also 4D (scheduling), 5D (estimat-
ing), 6D (sustainability) and 7D (facility management applications).
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26.4.2  Learning from Others

Other industries, especially the automotive industry, are clearly ahead of construc-
tion here; items such as the chassis, engine and body are standardised and modular, 
and can therefore be manufactured cheaply and – most importantly – resource effi-
ciently. In the automotive industry, some components are used even in different 
brands. For example, technical components produced by VW are also used in Audi, 
Seat and Skoda cars. Nevertheless, it is possible to individualise the car and adapt it 
to specific requirements using different fit-out components, colours and a choice of 
finishing material – the so-called modular transverse matrix. Using a “car configura-
tor”, the customer can configure his/her desired model and order it by pressing a 
button. In the near future, purchasing a house will follow a similar process – the 
client will configure the building at the computer, walk through it with 3D glasses 
in order to plan details and furnishings, and then order the house with a mouse-click 
(see Fig. 26.5). We are not there yet however. But it’s only a question of time.

This time will come quicker than we think. The reason for this is also the loga-
rithmic nature of human thinking: in order to anticipate the world in one year’s time, 
we have to look back into the past – not one year back, but ten. The steps necessary 
to engender progress are becoming increasingly shorter due to digitalisation and 

Fig. 26.5 Building LCT-technology in a configurator (Source: Cree GmbH)
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technical development. Therefore the time for “Bauen 4.0” is now  – the timber 
hybrid system construction method has established the prerequisites and ideal con-
ditions for the next step. Some significant drivers around the world are sharing and 
open innovation in order to scale the revolution.

The focal point of the new method of building will be a lively, interdisciplinary 
digital platform. It could be described as a cybernetic table for all data relating to the 
design, construction and operation of buildings. A place to find all the information, 
contacts, products, forms and case studies from the world of systematic timber- 
hybrid construction. And also the option of erecting “digital twins”. This platform 
will be subject to continuous development, and therefore continuous improvement; 
every newly developed building element, every successfully completed project, 
every new producer, architect or designer will enrich the platform and fill it with 
knowledge, thereby enhancing the knowledge of all those involved in the cybernetic 
table. This also means that in the future, knowledge will no longer be owned by a 
select group, but rather collectively owned for the benefit of the construction pro-
cess and all the parties involved.

This is also the reason why we do not want to use our Cree system in isolation. 
In fact, we hope that many similarly creative spirits and pioneers will join us. 
Therefore we offer building contractors and architects the opportunity to use the 
innovative LCT system with us, and to drive its development. In order to place this 
offer on an equal footing and to make it possible for users to concentrate on their 
core competences as architects or (structural) engineers, we support our partners 
with items such as controlling, benchmarking, the organisation of key account man-
agement and our configuration software, CREEator. In this way we want to make 
the principle of a “sharing community” mentioned above a reality, and want to play 
our part in a “sharing economy” – and share our success.

The platform will be subdivided into various project rooms. There will be areas 
dedicated to different political administrations, which will contain statutory regula-
tions and approval guidelines. There will be virtual meeting rooms for architects 
and engineers where they can set up meetings and even start virtual companies5. 
There will be product shops which will contain information on available construc-
tion elements – including all information on materials, costs, their ecological foot-
print and the contact details of their manufacturers. There will also be evaluation 
lists based on feedback from customer assessments, for example for the best  projects 
(which will also include information on the elements and manufacturers involved), 
for the best timber architects, the best structural engineers and the best fire safety 
experts. All this knowledge, all the experiences and all the contacts on the platform 
are available to all users –without limitation in time and space.

We will say goodbye to the conventional construction process and the design 
process that supports construction will no longer exist. It will simply become 
superfluous. Instead, the architects will face a more demanding task in terms of 
urban design and social and cultural values. Today, shipbuilding and design in the 

5 Virtual companies are necessary to simulate all processes for digital fabrics according to Industrial 
4.0.
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automotive industry already work that way – the design engineers of a yacht or a 
cruise ship no longer have any influence on their plans once they have submitted 
them to the shipyard. And why should they? At the shipyard the ship will simply 
proceed along the defined and hundred-fold tried-and-tested process. The functions 
of architects and structural engineers will change. New players will come to the 
table – from IT, from community management, and from other areas that are cur-
rently quite separated from the industry. They will see the opportunities in this 
systematic design process, and use them. We might call it the “Uber” principle of 
the construction industry – the rules will be redefined. We want to, and will be, part 
of that. We owe this to our company, its employees, society at large and our specific 
trading location. But above all we owe it to the environment and future generations. 
All in the spirit of sustainability!
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Chapter 27      
Protect Resources, Strengthen the Economy: 
Good Examples for Resource Efficiency 
in Industry and Handicraft Businesses                                      

Peter Jahns

Abstract A lack of knowledge about internal business flows, lack of a cross- 
company perspective, dependence on customer requirements and the lack of time, 
personnel and financial resources, especially in small and medium-sized enterprises, 
mean that the advantages of the resource-efficient economy are not sufficiently 
exploited. Laws and regulations alone can not provide a remedy, and instead entre-
preneurial ambition must be aroused. The experiences and successes of the work of 
the Duisburg Effizinez-Agentur NRW show that this is possible. Concrete and indi-
vidually tailored support offers as well as the intensive cooperation of all partici-
pants often lead to a start-up in entrepreneurial activity. The public authorities can 
provide decisive support here, as the NRW Ministry of the Environment has shown 
with the establishment of the Effizienz-Agentur NRW. In the following we will out-
line how this work is carried out and explain the results by illustrating some 
examples.

Keywords Effizienz-Agentur NRW • Resource efficiency • Saving potential • 
Industrial companies • Handicraft business • Resource productivity

27.1  Introduction – The Effizienz-Agentur NRW

In the German state of North Rhine-Westphalia, the state-financed Effizienz- 
Agentur NRW (EFA) is the centre of excellence for resource efficiency. The agency 
supports the manufacturing industry to enhance productivity by reducing the use 
of natural resources. Analysing technical and organisational processes should reveal 
a company’s potential for saving costs and resources. It was set up in 1998 at the 
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initiative of the Environmental Ministry of the State of North Rhine-Westphalia and 
works by order of the Ministry.

With the Effizienz-Agentur NRW the state of North Rhine-Westphalia provides 
the about 9,000 industrial companies and the about 18,000 craft enterprises with 
custom fit support in the identifying savings potential and the implementation of the 
best solution. As an independent and neutral institution, it has established a wide 
consulting range for the improvement of resource efficiency.

The agency is a business partner for small and medium-sized businesses as well 
as for large industrial corporations. Its range of services encompasses consultation 
on resource efficiency, financing activities and putting on events and training 
courses. As an innovative business partner, EFA launches and guides more than 250 
projects per year in and with companies from industry and handicraft businesses in 
North Rhine-Westphalia (NRW). With its experience from NRW, EFA is also a busi-
ness partner in demand on the national and international level for networks and 
consultation services.

The identification of saving potential is the first step on the road to efficient pro-
duction processes and products. Nevertheless, only after implementation is material 
and energy consumption reduced and the environment and our climate protected. 
Therefore, EFA focuses its work on finding practical solutions that are easy to 
implement and have high probability to be put in practice by the companies. The 
following successful resource efficiency projects from North Rhine-Westphalia ini-
tiated and established by EFA gives an overview of the wide range of possibilities 
to save resources and strengthen the economy.

27.2  Good Examples for Resource Efficiency in Industry 
and Handicraft Businesses

27.2.1  Aluminium Norf GmbH (2014a)

By means of innovative heat treatment, Alunorf is able to decrease its energy 
demand by approx. 31,000 MWh per  annum. EFA’s financing experts assist the 
build up of the innovative measure.

Initial Situation
Aluminium Norf GmbH (Alunorf) is one of the largest aluminium smelting plants 
and rolling mills worldwide. The semi-finished and primary products, which have 
been made in Neuss since 1965, are used for – among other things –food packages 
and vehicle components. According to customer requirements, the plant with approx 
2,200 employees produces aluminium strips in different material thicknesses, diam-
eters and strip lengths. In the cold rolling process the strips heat up to 190 °C. In 
order to achieve the desired metallurgical properties, the rolled strips are heat- 
treated in an annealing furnace at 480 °C at the end of the process. The heat already 

P. Jahns



387

introduced into the strips through the rolling process was not able to be used for the 
heat treatment by the system which existed until 2011. The strips needed to cool 
down below 60 °C prior to the heat treatment in order to provide process-reliable 
conditions for the existing time and temperature programs for the entire furnace 
chamber.

Measures and Advantages
In 2011, Alunorf implemented an innovative furnace concept consisting of an 
energy-efficient furnace group with five units in which the thermal state of every 
single strip can be controlled online, in order to utilize the residual heat of the 
strips for the heat treatment. The furnaces have a 4-single-zone control with an 
online process control which allows the individual annealing of four single coils. 
This makes it possible to record and control the coil temperatures during the entire 
annealing process online. For the first time, hot coils can directly be heat-treated by 
means of this new technology. Thus, the residual heat from the rolling process can 
be utilized in the annealing furnaces. Furthermore, Alunorf uses the hot furnace 
exhaust gases to preheat the protective gases utilized in the furnace chamber which 
also saves energy. Also, the internal logistics were able to be improved leading to 
shorter processing and machining times. The innovative heat treatment facility 
amounts to overall energy savings of 45% a year compared with the old facility, an 
equivalent of approx. 31,000 MWh annually. In this way, a CO2 equivalent of about 
8,500 tons at an annual production of 180,000 tons of aluminium strips can be 
avoided. Due to the innovative approach and the achieved savings, this imple-
mented measure is considered a best practice for metal-working companies which 
operate multi-stage and interlinked processes with integrated heat treatment 
processes.

The Way to Financing and Implementation
In the run-up to the implementation, Alunorf benefitted from the financing advice 
provided by EFA in July 2010. After careful consideration of the planned measure, 
the company created a project sketch for the environmental innovation programme 
of the Federal Ministry for the Environment, Nature Conservation, Building and 
Nuclear Safety with the assistance of EFA. The project was subsidised with funds 
from the environmental innovation programme of the Federal Ministry for the 
Environment, Nature Conservation, Construction and Nuclear Safety worth € 
1.5 million. After the approval of the subsidy in January 2011, EFA was assigned 
with the creation of the final report as well as the coordination of the measuring 
programme in August 2012. In December 2013 the project was finished. Alunorf 
invested approximately € 7.5  million altogether in the new heat treatment 
(Table 27.1).

Table 27.1 Resource effects 
at a glance

Energy savings Approx. 31,000 MWh/a
CO2 equivalents Approx. 8,500t/a
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27.2.2  Brauerei und Wirtschaft “Im Füchschen” Peter König 
e.K (2012a)

New purification process reduces waste water and chemicals consumption through 
a combination of state-of-the-art technology with traditional beer brewing.

Initial Situation
Since 1848, the brewery “Im Füchschen”has been producing Düsseldorf’s most 
loved drink. The company of 104 employees brews 32,500 hl of so called “Altbier” 
(a special, dark type of German beer) annually, 70% of which is filled in kegs and 
30% is bottled. In 2009 the brewery wanted to reduce the loss of beer during the 
production process as well as the organic waste water contamination caused by 
yeast and beer residues. The problem, however, was that due to the confined spatial 
conditions which are typical of the historic city of Düsseldorf, there was no way to 
install a conventional waste water treatment facility. In this situation the brewery 
contacted the Effizienz-Agentur NRW via their bank, the Stadtsparkasse Düsseldorf. 
The EFA specialists focussed on existing efficiency potentials in the production 
process.

An initial assessment of the potential was carried out followed by a detailed 
analysis. On the basis of the results, an innovative concept for an integrated purifica-
tion process by means of one single CIP (Cleaning in Place) plant inside a craft 
brewery was developed for the first time and eventually implemented in 2011.

Measures and Advantages
The new CIP plant is adapted to the spatial conditions of the craft brewery. Due to 
the confined spatial conditions, an external suction line was developed to make sure 
that containers for return water and other liquids can be operated independently 
from the installation site of the CIP plant. With an inductive quantity and flow rate 
control, all purification functions and steps such as the dosage of the detergents are 
controlled automatically today. The system controls whether the programmed 
amounts of detergents are pumped through the system with the required pressure 
and flow rate. This means turning away from the traditional time and conductivity- 
controlled CIP systems. Lower mixed phases of water and beer lead to a clear reduc-
tion of the waste water load. Furthermore, the spreading of alkaline solutions and 
acids during the phase separation could be reduced, with the consequence that 
detergents are saved and the waste water is less contaminated. The brewery “Im 
Füchschen” invested € 150,000 in total and saves approximately € 20,500 a year.

The Way to Financing and Implementation
As a part of the project financing, the Effizienz-Agentur NRW supported the private 
brewery. After the EFA advice, the company applied for subsidies from the invest-
ment programme called “Abwasser NRW” (Wastewater NRW) (Table 27.2).
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27.2.3  IDEALSPATEN – BREDT GmbH & Co. KG (2014b)

Innovative timed production line reduces material loss. This company of 80 employ-
ees produces spades in a “timed” way and ensures not only a reduction of material 
consumption, but also to offers competitive “Made in Germany” products in the 
medium and low price segment.

Initial Situation
The company IDEALSPATEN has been producing high quality hand tools such as 
shovels, spades, pitchforks and pickaxes for the construction and gardening indus-
tries on their Herdecke site for more than 100 years. In order to enter the medium 
and low price segment of DIY stores, the company initially imported spade blades 
from Southeast Asia which were finally processed in Germany. But due to increased 
costs and existing quality problems regarding the purchased spade blades, 
IDEALSPATEN decided in 2010 to re-establish their own production for this seg-
ment in Germany. In order to be able to produce within all price segments competi-
tively, the company developed a material and energy efficient concept which was 
industrially used in this way for the very first time.

Measures and Advantages
The core of the new timed production is the interconnection of all the process steps 
in one line, from uncoiling to the punch and bending process all the way up to the 
powder coating of spade blades. Thus, the cost-intensive internal logistics between 
the individual steps are no longer required which leads to a considerable reduction 
of the processing time. In order to reduce the material and the energy consumption 
in production, IDEALSPATEN has additionally enhanced the resource efficiency of 
the individual process steps, e.g., an optimized punch processor of the board reduces 
steel scrap significantly and the heat treatment is done through accurate induction. 
Also, process steps such as quenching and hardening of the spade blanks are com-
bined in one step in the timed production line. A measuring programme carried out 
by EFA prior to commissioning the plant proved that the anticipated savings were 
even exceeded. For example, the company reduced the required amount of steel by 
22.7% which corresponds to savings of approximately 60 tons of steel a year. In 
conjunction with the energy savings during the heat treatment, the CO2 emissions 
resulting from the spade production also went down by 26%. The timed production 
serves as a best practice model; the process can be transferred to all punching- 
bending shops where the produced parts must undergo heat treatment.

Table 27.2 Savings of the 
CIP plant as opposed to the 
manual purification

Equipment Amount

Water/waste water 3,304 m3/p.a.
Alkaline solution 7,920 kg/p.a.
Acid 4,000 kg/p.a.
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The Way to Financing and Implementation
In 2010 IDEALSPATEN requested the financing advice of the Effizienz-Agentur 
NRW, and a project sketch for the environmental innovation programme of the 
Federal Ministry for the Environment, Nature Conservation, Building and Nuclear 
Safety was drawn up. After the approval of grants from the environmental innova-
tion programme worth approximately € 241,000, EFA was assigned with the trans-
action of the grants at the beginning of 2011. In October 2013 the project was 
completed. IDEALSPATEN invested approximately € 1.5 million in total in the new 
production line (Table 27.3).

27.2.4  Walzwerke Einsal GmbH (2012b)

Innovative drawing bench increases flexibility and reduces resource consumption. 
A combination of inductive material heating, continuous coating and a special 
drawing process reduces the steel consumption by 124 tons a year.

Initial Situation
The company Walzwerke Einsal produces, among other things, cold drawn profiles 
in different shapes such as rectangular, square bar, hexagonal and round, as well as 
a variety of special profiles. In order to meet the customers’ high requirements 
regarding accuracy of fit, the drawing process in the field of cold metal forming is 
of great significance. Prior to the cold drawing process, a surface coating had to be 
applied on the profiles as a preparatory measure. The coating agents were perma-
nently kept in large dip tanks at a liquid temperature of 70 °C. In addition to that, the 
profile endings were pre-machined (they have to be milled) to ensure the pushing 
process into the drawing device. This process causes substantial amounts of mate-
rial loss. In order to reduce the consumption of resources, Einsal decided to intro-
duce a flexible and resource-saving new drawing line. For the first time, a 
combination of inductive material heating, a continuous coating line and a drawing 
bench with a specifically adjusted drawing tool was used.

Measures and Advantages
After pickling, the hot-rolled raw profiles are put ion the machine at the material 
inlet and fed to an inductive heating device. Regarding their dimensions, the used 
inductors are adjusted to the respective profile dimensions. Thus, the used heating 
power is reduced to a minimum. Directly after that, the pre-heated profile goes into 
the coating chamber where it receives an even and thin drawing coating. In this way, 
the surfaces of the work peaces are improved and coating agents saved. For the most 
part, the excess coating agents are returned to the production cycle. Afterwards, the 
profile is pressed into the drawing tool by means of the so-called pushing process. 

Table 27.3 Resource effects 
at a glance

Reduction of material losses Approx. 60 t/a
Reduction of CO2 emissions Approx. 115 t/a
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Immediately after that, the drawing die takes over the drawing part which is, from 
now on, drawn through the tool at a constant speed. The implemented solution of 
drawing bench inlet and drawing bench outlet as well as the used drawing slide 
ensure a minimum of material loss at the profile beginning. The new drawing facil-
ity enhanced productivity and increased the process variations considerably. Due to 
the comission of the coating tank, air and noise pollution could be reduced 
significantly.

The Way to Financing and Implementation
In 2009 EFA carried out provided financial advice prior to the implementation. As 
a result, the company applied for subsidies from the environmental innovation pro-
gramme of the Federal Ministry for the Environment in October 2009. After the 
approval of the project by the KfW Bank (Kreditanstalt für Wiederaufbau) in 
December 2009, EFA was assigned with a measuring programme. The results of the 
project, which was vcompleted in October 2011, were recorded in a final report cre-
ated by all parties involved. The costs for the measures amounted to approx. € 
2.5 million. The project was funded with subsidies worth € 750,0000 from the envi-
ronmental innovation programme of the Federal Ministry for the Environment, 
Nature Conservation, Building and Nuclear Safety (Table 27.4).

27.2.5  P.F. FREUND & CIE. GmbH (2014c)

Modular and ergonomic – new pinch roller saves resources and health. Thanks to its 
modular structure, the innovative pinch roller requires up to eight percent less com-
ponents, is almost completely recyclable and saves the roof tiler’s arm due to its 
ergonomic design.

Initial Situation
When it comes to hand tools, the medium-sized company FREUND is a worldwide 
leader in the field of slate and brick processing. Roof tilers, carpenters and plumbers 
are their biggest customers. It was the company’s target to improve a reliable tiler’s 
tool, the pinch roller, in a way that it increases quality, facilitates both production 

Table 27.4 Resource effects at a glance

Omission of coating tank
Avoidance of pre- 
machining steps

Energy consumption 
drawing process

Primary energy during the coating 
process approx. 140,000 m3/a 
natural gas

Material savings 124 t/a Old (natural gas, electricity) 
482.17 kWh/t

Coating agent (lime and salt) 
3,504 kg/a (90%)

Energy savings 
59,824 kWh/a electricity

New (electricity) 
120.97 kWh/t

Rinse water of the coating tank 
2,688 m3/a (99%)

27 Protect Resources, Strengthen the Economy: Good Examples for Resource…



392

and handling, and is made from environmentally-friendly and recyclable materials. 
During the development process of the new tool, FREUND utilized the Effizienz- 
Agentur NRW’s method so-called JUMP-Tool JUMP-Tool communicates method 
competence regarding environmentally compatible product design and develop-
ment. The Effizienz-Agentur NRW supported the conception of the new pinch 
roller.

The Resource Efficient Product
The characteristic feature of the new generation of pinch rollers is the improved 
ergonomic design of the tool. The changed arrangement of the handle and the roller 
ensures a considerably more efficient power transmission and thus a relief for the 
user. Due to the new product design, eight percent fewer components for the tool in 
total are required, while at the same time the number of working steps for the pro-
duction and assembly processes can be reduced by 22%. Furthermore, the material 
change of the tool head from steel to stainless steel and aluminium makes a galva-
nizing process unnecessary. By means of the improved tool head, all single parts 
can be replaced easily. This was previously possible for only 60% of the parts which 
is why this option was rarely used by the customer. FREUND will offer an extensive 
repair service for this new product generation. A special feature of the pinch roller 
is a handle made of Arboform® – also known as “liquid wood” (“Flüssigholz”). This 
composite which is made of renewable raw materials is 100% recyclable. The ergo-
nomic handle is supposed to be used for all types of devices at FREUND in the 
mid-term and replace the 49 handle variations which have been produced so far. The 
positive resource effects of the new tool are convincing; FREUND was awarded the 
“Efficiency Prize of North Rhine-Westphalia” (Effizienz-Preis NRW) for the devel-
opment of the pinch roller.

27.3  Conclusion

Material costs have been constantly falling in the last few years in Germany. 
Resource productivity is rising but not to a degree which will effect a trend reversal. 
We need a decoupling from economic growth and resource consumption due to the 
climate change and the finite nature of resources.

Resource efficiency is not merely an environmental-politically necessity but also 
a clear economic competitive edge – particulary for a heavy industry oriented state 
like North Rhine-Westphalia.

But the potential for the increase in resource efficiency is not always easy to 
discover in daily operations of a business. Frequently, an outside view of production 
and products by experienced experts can help.

The examples described above show that through targeted measures for the 
increase in resource efficiency in production and products, companies can meet 
growing costs, reduce environmental burden, improve their competitiveness and 
enter new business fields. The identification of savings potential is the first step on 
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the road to efficient production and products, but only with implementation is mate-
rial and energy consumption can be reduced: With the Effizienz-Agentur NRW, the 
state of North Rhine-Westphalia provides industrial companies and tradesman with 
concrete support in the identification and implementation of efficiency potential.
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Chapter 28 
Chemical Leasing: A Business Model to Drive 
Resource Efficiency in the Supply Chain

Reinhard Joas, Veronika Abraham, and Anke Joas

Abstract Chemicals are indispensable in our daily life and most economic sectors 
depend on chemical supplies for the manufacturing of their goods. However, the use 
and production of chemicals is a resource intensive business that faces growing 
global demand. An efficient use of resources by the chemical industry and down-
stream chemical users can therefore significantly reduce the overall resource con-
sumption in the economy and contribute to sustainable development. Thus, 
increasing the sustainable use of chemicals supports the achievement of interna-
tional political objectives such as the Agenda 2030 Sustainable Development Goals.

In order to achieve the sustainability in the use of chemicals, innovative and 
service-oriented business models are needed that provide incentives for companies 
to reduce their chemical consumption. Chemical Leasing offers such an approach. 
In this business model, the functions performed by the chemical serve as the unit of 
payment and chemical suppliers and users work together to optimize chemical use 
in fulfilling the function. Due to the service-based approach, chemical consumption 
is a cost factor for the business partners, which they aim to minimize. This induces 
economic benefits that are shared among the business partners. Moreover, environ-
mental and health benefits are generated since fewer chemicals are applied, stored, 
handled and produced, and fewer emissions are released into environmental 
compartments. In the upstream supply chain, reduced chemical demand results in 
tremendous savings of raw materials and energy for the production of the chemi-
cals. Hence, large resource and cost saving potentials are seen with the application 
of Chemical Leasing in a variety of branches.

Keywords Chemical leasing • Resource efficiency • Innovative business model • 
Sustainable chemistry • Environmental and economic benefits • Emission reduction 
• Cost savings
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28.1  Introduction and Background

The challenge of finite resources and the simultaneously growing demand for prod-
ucts and services worldwide requires a reduction of raw material consumption and 
emissions to the environment as well as the sustainable use of resources. In achiev-
ing these goals, an increase in resource efficiency across all economic sectors is 
inevitable.

The chemical industry is an important pillar of the global economy and provides 
goods and services to almost every other economic sector, some of the most impor-
tant ones being construction, electronics, household, paper and packaging, the auto-
motive industry (Cefic and EPCA 2004) as well as food and beverage, agriculture 
and the textile industry. The chemical industry has grown tremendously throughout 
the last six decades, in particular during the last 15 years, in which the increasing 
demand in developing countries and countries with economies in transition spurred 
an increase in global sales of over 2.5 times. This trend is expected to continue in 
years to come (e.g. UNEP 2013).

Despite numerous efforts and achievements with regard to the improvement of 
resource efficiency, the chemical industry continues to consume significant amounts 
of energy and raw materials to fulfil the needs of the supply chain. In Europe, 
Germany is the leading producer of chemical goods and ranks fourth among the 
world’s largest chemical producers after China, the United States and Japan (VCI 
2014a, b). The German chemical sector increased its resource efficiency by 35% 
between 1994 and 2007 and reduced its overall energy demand by 21% between 
1990 and 2010. Nevertheless, the chemical industry was responsible for about a 
quarter of the manufacturing industry’s energy demand in 2012 while contributing 
around 11% to the turnover (based on IG BCE 2011; Statista 2015; VDI ZRE 2014). 
Thus, this industry sector can contribute considerably to the increased resource effi-
ciency in the economy, especially when cooperating with supply chain partners and 
increasing the efficient consumption of chemicals.

Several governmental and private initiatives or activities already promote the 
reduction of resource demand in the chemical industry and call for a shift towards a 
sustainable chemical industry. Examples include the Resource Efficiency and 
Cleaner Production (RECP) Programme, a joint initiative of the United Nations 
Environment Programme (UNEP) and the United Nations Industrial Development 
Organization (UNIDO), the industry initiative Responsible Care® as well as regional 
activities such as SusChem or Chemical Regions for Resource Efficiency (R4R) and 
the activities of individual enterprises and associations. Furthermore, resource and 
energy efficiency as well as sustainable production and consumption in different 
economic sectors are fostered by, e.g., the European Circular Economy Strategy, the 
G7 Alliance on Resource Efficiency, SWITCH-Asia and UNEP’s resource effi-
ciency program.

However, conventional business models along the chemical supply chain pre-
dominantly aim at increasing consumption and thus hamper the uptake of sustain-
able practices. Therefore, alternative business models need to be found and 
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established that promote the efficient use of resources and give priority to sustain-
able products and services. Chemical Leasing is one such approach.

28.2  The Chemical Leasing Business Model

Chemical Leasing is an innovative business model that aims at the efficient and 
sustainable use of resources and may significantly contribute to the more sustain-
able use of chemicals. The business model promotes both environmental and eco-
nomic aspects of chemical use along the supply chain through increased resource 
efficiency.

The Austrian Ministry of Agriculture, Forestry, Environment and Water 
Management (BMLFUW) has promoted Chemical Leasing since 2002. Since 2007, 
the German Ministry for the Environment, Nature Conservation, Building and 
Nuclear Safety (BMUB) and the German Environment Agency (UBA) have also 
supported the business model. The Swiss government joined in 2014. On the inter-
national level, UNIDO’s Global Chemical Leasing Programme has continuously 
promoted and advanced the business model since 2004.

The official UNIDO definition of Chemical Leasing is presented in the text box. 
Within a Chemical Leasing business model, suppliers and users of chemicals coop-
erate more closely and aim at reduced chemical consumption by maintaining high 
quality standards of the performed service or function.

The producer mainly sells the functions performed by the chemical and 
functional units are the main basis for payment.

Chemical Leasing is a service-oriented business model that shifts the focus 
from increasing sales volume of chemicals towards a value-added approach.

Chemical Leasing strives for a win-win situation. It aims at increasing the 
efficient use of chemicals while reducing the risks of chemicals and protecting 
human health. It improves the economic and environmental performance of 
participating companies and enhances their access to new markets.

Within Chemical Leasing business models the responsibility of the pro-
ducer and service provider is extended and may include management of the 
entire life cycle.

Key elements of successful Chemical Leasing business models are proper 
benefit sharing, high quality standards and mutual trust between participating 
companies (UNIDO 2016).
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The implementation of Chemical Leasing thus leads to the common motivation 
to reduce chemical demand for a certain function. The major differences between 
traditional business models and Chemical Leasing are depicted in Fig. 28.1. Most 
often, the cooperation leads to long-term partnerships among the involved companies 
and new technologies and/or substances are introduced in the process.

Throughout the last decade, numerous companies of different branches have 
successfully introduced Chemical Leasing, and many of them are still applying the 
innovative business model. All of the applications have been able to realise several 
of the benefits listed in Table 28.1.

Chemical Leasing can be applied whenever chemicals are needed to fulfil a cer-
tain function or service. Some examples for the implementation of Chemical 
Leasing include the following processes and industries:

• Industrial cleaning and degreasing of metal parts in the metal-processing 
industry

• Bonding of boxes in the packaging industry
• Cleaning of bottles, pipes and vessels in the beverage industry
• Lubrication of conveyor belts in the beverage industry
• Application of agrochemicals
• Corrosion and surface protection in the automotive and electric appliances 

industry
• Cleaning of hotel rooms in the hospitality sector

In order to maintain high standards and to ensure a high quality of all Chemical 
Leasing applications, five sustainability criteria have been introduced, which must 
be fulfilled:

 1. Reduction of adverse impacts for environment, health, energy and resource con-
sumption caused by chemicals and their application and production processes

Fig. 28.1 Major differences between traditional business models and Chemical Leasing in terms 
of the motivations of the business partners and the basis of payment (own graph)
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 2. Improved handling and storage of chemicals to prevent and minimize risks
 3. No substitution of chemicals by substances with a higher risk
 4. Economic and social benefits are generated; a contract should contain the objective 

of continuous improvements and should enable a fair and transparent sharing of 
the benefits between the partners

 5. Monitoring of the improvements needs to be possible

If these five sustainability criteria are met, companies are eligible for the Global 
Chemical Leasing Award that is presented by UNIDO in order to acknowledge suc-
cessful Chemical Leasing applications and to increase the awareness about the busi-
ness model.

28.3  Chemical Leasing’s Contribution to the Policy 
Framework on Chemicals and Potentials 
for the Business Model

To reduce the resource consumption in the chemical industry as well as in the sec-
tors along the supply chain despite the growing demand for products and materials, 
improved processes and technologies need to be found that use chemicals more 
efficiently, improve recycling strategies and focus on fulfilling the function of the 
chemical products. Furthermore, adverse effects from chemicals on human health 
and the environment need to be reduced, which generates a growing need for safer 

Table 28.1 Overview of the 
major benefits generated by 
the implementation of the 
Chemical Leasing business 
model

Selection of benefits induced by 
Chemical Leasing

Reduction of chemical consumption
Reduction of energy demand (directly 
in the application and indirectly in the 
supply chain)
Decrease of emissions
Improved handling and storage of 
chemicals
Improvement of the overall environment 
and health performance
Generation of economic benefits for the 
involved business partners
Planning security and long-term 
business relations
New customers and sales opportunities
Development and market launch of 
innovations
Process optimisation and improved 
process understanding
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chemicals and sound chemicals management. In particular, very hazardous chemi-
cals should be substituted wherever possible or, if no substitute is found, their pro-
duction, handling and use should be carried out as safely as possible in order to 
reduce environmental and health burdens.

The need to solve these challenges is underpinned by the policy framework for 
chemicals. Various international treaties and conventions, multinational and 
national regulations and directives as well as a range of voluntary initiatives and 
activities exist to foster increased resource efficiency, safety and sound manage-
ment in the chemicals industry. The broadest of these are several United Nations 
(UN) conferences and their declarations, which call for a greener and more sustain-
able chemical industry  – either directly or indirectly by demanding sustainable 
development overall. One of the recent and most important initiatives is the 2030 
Agenda for Sustainable Development adopted by the UN in 2015. Many of its 
Sustainable Development Goals directly target the chemical industry, e.g., target 
12.4, which reaffirms the 2020 goal for chemicals that was first formulated in the 
outcome document of the World Summit for Sustainable Development in 
Johannesburg in 2002. Target 12.4 of the 2030 Agenda states: “By 2020, achieve 
the environmentally sound management of chemicals and all wastes throughout 
their life cycle, in accordance with agreed international frameworks, and signifi-
cantly reduce their release to air, water and soil in order to minimize their adverse 
impacts on human health and the environment”. This 2020 goal is also the core of 
the Strategic Approach to International Chemicals Management (SAICM), a 
unique voluntary multi- stakeholder approach aimed at achieving sound manage-
ment of chemicals worldwide.

These international activities are complemented by national or regional chemical 
regulations as well as by political strategies and action programs, such as the 
European regulation REACH (Registration, Evaluation, Authorisation and restric-
tion of Chemicals) or the European Commission’s Circular Economy Strategy. 
Furthermore, there is an increasing awareness among consumers for more sustain-
able products as well as a range of industry activities that promote the sustainable 
and safe production and use of chemicals.

It is in the interest of suppliers and users of chemicals to react to these trends and 
developments in order to stay competitive in the market. Chemical Leasing can help 
companies in doing so, as this business model promotes the efficient use of chemi-
cals, reduces harmful emissions, leads to reduced resource consumption and adverse 
impacts, demands save handling and storage of chemicals and simultaneously pro-
vides economic benefits for the involved business partners. Moreover, Chemical 
Leasing can support companies in complying with regulatory requirements.

The service-oriented business model builds upon the notion that the service 
provided by product and not its pure ownership is the chief aim of chemical 
consumption (Jakl and Schwager 2008). Due to the improved cooperation among 
suppliers and users, processes are optimised, safer alternatives may be introduced 
and experiences are shared in order to further improve the process and reduce the 
demand for chemicals. Besides the direct benefits in its application, Chemical 
Leasing also leads to indirect benefits in the upstream supply chain, where high 
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amounts of energy are required for many chemical production processes. Since 
Chemical Leasing reduces the amount of chemicals needed for a function or ser-
vice, fewer chemicals need to be produced on the supplier side. Thus, the energy 
demand in the production process decreases. Moreover, fewer raw materials are 
required for the production of the chemical itself. The decreased energy and raw 
material demand thus reduces overall production costs significantly.

Within a research project conducted on behalf of the German UBA, the poten-
tials for Chemical Leasing in Germany have been analysed (UBA 2014). From an 
economic perspective, the potential for Chemical Leasing refers to the reduction of 
costs for the user and increased profits for the manufacturer or distributor. In both 
cases application of the business model results in positive effects on competitive-
ness. It is estimated that between 46 and 100 million Euros could be saved in 
Germany if Chemical Leasing would be applied broadly for industries such as 
solvents, paints and varnishes, adhesives and disinfectants and detergents. Cost 
reductions also occur due to reduced auxiliaries, such as water, or due to a lower 
energy demand.

Chemical Leasing also supports increased resource efficiency through the opti-
misation of the application or production process. This is a result of the cooperation 
and exchange of know-how between the business partners that aim at reducing 
chemical consumption by maintaining defined high quality standards for the result. 
It is estimated that in Germany between 25 and 50 kt of chemical such as solvents, 
paints and disinfectants can be saved and that their respective waste generation can 
be reduced tremendously.

The following case study provides an example of how Chemical Leasing is 
applied and how this reduces the resource demand in the chemical application.

28.4  Case Study: Conveyor Lubrication in the Beverage 
Industry

The following case study presents some of the highlights achieved during a Chemical 
Leasing application in the beverage industry  – one representative sector for the 
application of the business model. Two companies have introduced the Chemical 
Leasing business model in order to improve and stabilise the lubrication process and 
reduce chemicals consumption during the bottling process of mineral water. The 
user is Knjaz Miloš a.d., Serbia’s largest producer of mineral water and beverages. 
The bottling company obtains a lubricant from its supplier Ecolab Inc. that is used 
for the conveyor, which transports the bottles across the production facility during 
the bottling process. This process should be as stable and reliable as possible to 
avoid unnecessary stops and the associated costs during production.

Chemical Leasing typically improves the business partnership and cooperation 
among companies. In this example, supplier and user joined forces with the National 
Cleaner Production Centre, which helped to implement the Chemical Leasing 
model. The cooperation among the business partners and the exchange of experiences 

28 Chemical Leasing: A Business Model to Drive Resource Efficiency in the Supply…



402

and ideas led to a new approach for lubrication that is both safer and more efficient. 
Due to the new and improved technology, the lubricant was substituted with an 
alternative substance. In contrast to the old lubricant, the substitute is not hazardous 
and does not require water for the lubrication of the conveyor belts. New nozzles 
and a new dosing system complemented the new approach.

Several advantages occurred due to the new technology and the substitution. 
First of all, the process became safer as the new lubricant does not contain hazard-
ous substances and because no water is applied for the lubrication process in the 
production hall, which reduces the risk of accidents occurring from slippery floors.

Besides these safety improvements, the new lubrication process also created 
environmental benefits since the resource demand in the process has been signifi-
cantly reduced: 30% less lubricant is required compared to the former process. This 
generates additional (not quantified) savings in resources in the upstream supply 
chain, where fewer chemicals need to be produced, in turn reducing the raw material 
and energy demand. Furthermore, the new lubricant does not require water, thus 
eliminating the entire water demand from the process. Consequently, no wastewater 
is generated. Before the introduction of Chemical Leasing, the wastewater required 
special treatment at the production site using chemicals. This process became 
redundant; the water demand and the chemicals for wastewater treatment have been 
reduced by 100% in this production step.

The unit of payment is no longer based on the litre of chemical product but on the 
operating hours of the conveyor belt. The companies have been able to generate 
economic advantages due to reduced costs for chemicals, water, water treatment and 
less downtime of the production process. Overall, savings of 39% were generated 
and additional benefits occurred for the supplier, such as becoming the sole supplier 
and having less costs for transportation and storage of the chemicals. The partners 
are still using this business model and have since expanded its application to more 
lines of production.

Similar examples exist in Germany, Uganda and Croatia and have been success-
fully running for several years. In some cases, the Chemical Leasing model has been 
extended to other parts of the production, e.g., to the cleaning of surfaces and 
bottles.

28.5  Conclusion

Chemical Leasing is an innovative, service-oriented business model that provides 
environmental and economic benefits to the involved business partners, thus result-
ing in a win-win situation for the chemical supplier and user as well as the environ-
ment. It contributes to the reduction of resource demand by optimising the use of 
chemicals in production processes through focusing on the function or service of 
the applied chemicals. The business partners cooperate and share knowledge about 
the process in order to optimise the chemical use, which in addition facilitates stable 
and long-term business relations. The unit of payment is based on the function or 

R. Joas et al.



403

service of the chemical, and suppliers and users aim at fulfilling this service with the 
least amount of product possible in order to reduce their costs. The economic ben-
efits are shared among the business partners.

The reduced demand for chemicals coincides with reduced energy or water con-
sumption in the application and induces significant energy and raw materials sav-
ings in the upstream supply chain as fewer chemicals need to be produced. The 
cooperation may also lead to process innovations, new technology or the substitu-
tion of chemicals with lower risk alternatives. Consequently, Chemical Leasing also 
contributes to the improved health and safety performance of companies in the 
chemical supply chain and helps them to respond to initiatives, regulations and 
strategies on sound chemicals management, sustainable chemistry, resource effi-
ciency as well as sustainable development.
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Chapter 29
Resource Efficiency for the Manufacturing 
Industries – A Holistic Approach

Werner Maass, Christof Oberender, and Martin Vogt

Abstract Resource efficiency is a crucial factor for the competitiveness of the manufac-
turing industry in Germany. It provides a significant potential for cost reduction and helps 
companies to become more independent from the supply and cost risks related to the 
international raw material markets. Resource efficient manufacturing is also a key element 
for achieving the international and national goal for climate protection. The Federal 
German Climate Protection Plan demands an industrial CO2 reduction of 50% by 2030 
(see German Ministry for the Environment, Nature Conservation, Building and Nuclear 
Safety BMUB. Klimaschutzplan 2050. http://www.bmub.bund.de/fileadmin/Daten_
BMU/Download_PDF/Klimaschutz/klimaschutzplan_2050_bf.pdf. Accessed 3 Jan 2017, 
2016a). This can only be achieved by the continuous implementation of more resource 
efficient technologies and processes. To this end, national and international norms and 
standards can contribute significantly to the dissemination of best available technologies.

To our knowledge, the new VDI Standard 4800, published in 2016, is the first 
technical standard for defining, evaluating and calculating resource efficiency (see 
VDI 4800 Part 1, Ressourceneffizienz – Methodische Grundlagen, Prinzipien und 
Strategien. Beuth Verlag GmbH, Berlin, 2016). The standard contains 37 strategies 
and measures to increase resource efficiency in companies. They address the 
improvement of in-house company procedures, adapting or changing technologies 
in the production processes or new approaches in the product development process.

The sector and technology-specific services offered by the VDI Centre for 
Resource Efficiency (VDI ZRE) address this complexity in all its aspects. In addi-
tion to supplying extensive information and examples, companies are offered cross- 
regional informative events and qualification courses for successful material and 
energy efficiency strategies. VDI ZRE furthermore cooperates closely with German 
state and regional agencies and authorities, Chambers of Commerce, Chambers of 
Trade and many related associations.

Keywords Resource efficiency • Processing industry • VDI standard 4800 • 
Material efficiency • Instrument
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29.1  Preface

Upon introducing the German Resource Efficiency Programme (ProgRess) in 
February 2012, Germany became one of the first countries to define guiding con-
cepts and commit itself to specific courses of action to protect their natural resources 
(see BMUB 2012). The programme’s continuation, the German Resource Efficiency 
Programme II (ProgRess II), was enacted by the Federal Cabinet on 2 March 2016 
(see BMUB 2016b). The main objective of ProgRess II is to decouple economic 
growth from material and energy consumption. The four guiding principles are: (1) 
joining ecological necessities with economic opportunities, innovation support and 
social responsibility; (2) viewing global responsibility as a key focus of the German 
national resource policy; (3) gradually making economic and production practices 
in Germany less dependent on primary resources, developing and expanding closed 
cycle management and (4) securing sustainable resource use for the long term by 
guiding society towards quality growth (see BMUB 2016b). ProgRess and ProgRess 
II thus emphasise both the economic and ecological benefits of resource efficiency.

The focus on both aspects is especially significant in Germany, where the industrial 
sector contributes 26% (see Statistisches Bundesamt 2015) to the gross national prod-
uct (GNP), which is significantly higher than the European average value of 19%.

If one analyses the cost structure of the manufacturing industry in Germany, mate-
rial costs come out on top. The share of material costs has increased from 36% in 
1993 to 43% in 2014. In contrast, energy costs within the same period have remained 
stable at 2%, while personnel costs decreased from 27% to 18% (Fig. 29.1).1

The increase of material efficiency is therefore a powerful instrument to reduce 
costs and increase competitiveness of the German industry. According to the evalu-
ation results of the Bundeministerium für Bildung und Forschung/Federal Ministry 
of Education and Research (BMBF) funding programme r2, the supported projects 
in metal recycling and manufacturing, chemical and lamination, ceramics and 
 innovative construction materials industries attained material cost reductions valued 
at 3349 million euros (see Woidasky et al. 2013).2 A study by the VDI Centre for 
Resource Efficiency estimates potential material efficiency cost reductions in 
selected fields of the metal processing industry in the range of 763 million to 2346 
million euros, corresponding to material savings in the range of 2 to 6% p.a. (see 
VDI ZRE 2013). Both studies also show a very high potential for CO2 reductions 
due to resource efficiency measures.

Resource efficiency is therefore a crucial strategy for increasing the competitive-
ness of the German industry by decreasing costs and reducing the dependency on 

1 Own illustration on the basis of the Statistical Yearbooks of the Federal Sta-tistical Office of 
Germany (values for 1993–2009) and the yearly Cost Structure Statistic Publications (values for 
2010–2014) (see Statistisches Bundesamt 2016).
2 Note: the authors apply the term differential costs, as the complexity of material-related cost 
reduction prohibits calculating all parameters for their analysis. A common procedure, differential 
cost analyses are applied to economic analyses to cope with complex parameters.
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the external raw market. At the same time it contributes to the goals formulated in 
the national strategies for climate protection.

In order to foster the innovation and dissemination of new and more resource 
efficient processes and technologies in the German manufacturing industry, the VDI 
Centre for Resource Efficiency (VDI ZRE) was founded in 2009. It is a national 
competence centre facilitating the dissemination of resource efficient technologies 
and processes in the German manufacturing industry. Its specific focus lies in sup-
porting small and medium-sized enterprises (SME). This work is carried out on 
behalf of the German Federal Ministry of the Environment, Nature Conservation, 
Building and Nuclear Safety (BMUB) and funded by the National Climate Initiative. 
The focus of this article is on two activities of VDI ZRE: (1) the development of 
norms and standards in the framework of the VDI standards and (2) the develop-
ment of various tools to identify potentials for resource efficiency in companies.

29.2  VDI Standards for Measuring and Evaluating Resource 
Efficiency

As early as 2009, the Association of German Engineers (VDI) saw the need for 
developing standards addressing the topic of resource efficiency.3 The goal was to 
develop methods to define and measure the resource efficiency of products, 

3 Today, approximately 200 Standards based on the latest technical develop-ments are produced by 
the VDI’s technical divisions per year. That way the VDI has systematically built up a set of techni-

Fig. 29.1 Cost distributions in the manufacturing industry since 1993 (Destatis)
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 processes and services. To this end, working groups for the VDI Series of Standards 
were established in 2011. The structure of this series is shown in Fig. 29.2.

As a first result of this work, the standard VDI 4800 Part 1 was published as a 
white paper in 2016. The Standards VDI 4800 Part 2 and VDI 4801 are expected to 
be published as white papers in 2017. They address methods for the evaluation of 
raw material demand and strategies and procedures for resource efficiency in SME 
respectively.

VDI 4800 Part 1 addresses basic methods, principles and strategies. It also pro-
vides a definition of resource efficiency as the relation between the benefit associ-
ated with a product and the corresponding use of natural resources.

 
resource efficiency

benefit

need effort
=

/  

The term “natural resources” encompasses the categories shown in Fig. 29.3.
The resource efficiency of a product can only be determined by an assessment of 

the entire life cycle of a product. A methodology is provided in the VDI Standard 
4800 Part 1.

The Standard also provides a list of qualitative strategies and measures to increase 
resource efficiency. They are divided into product-related and process-related 
 strategies. The list gives an overview and a classification in terms of relatedness to 
the product or production process, influential parties in the company, life cycle 

cal regulations, which today contains more than 2000 valid VDI Standards extensively covering 
the broad field of technology. Today’s topics range from securing loads on road vehicles to testing 
of optical fibres up to biomimetics and monitoring the consequences of genetically modified 
organisms.

Fig. 29.2 Structure of the VDI Series of Standards about resource efficiency (VDI 4800 Part 1)
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phase(s) with relevant effects on resource efficiency and whether life cycle assess-
ment is required (Table 29.1).

A product-related strategy for increasing resource efficiency is material substitu-
tion. This strategy plays an important role in, for example, the automotive sector, 
where new materials are used to make the car lighter and thus reducing petrol use. 
However, the production and recycling of the new material might also increase the 
use of primary resources and energy over the entire life cycle. Therefore, for each 
substitution, a life cycle assessment is required (see VDI ZRE 2016).

Process optimisation is a process-related strategy which leads to material and 
energy reduction in a production process. A best-practice example, presented in a 
VDI ZRE short film,4 demonstrates how little improvements in the production pro-
cess can achieve significant increases in material efficiency. The film shows a 
plastics- processing company that collects and recycles the incidental production 
wastage. Due to the changing quality of the plastic granulates an adaptive process 

4 http://www.resource-germany.tv/topics/plastics-processing/plastic-less-material-more-quality/

Fig. 29.3 Categories of natural resources (VDI 4800 Part 1)

Table 29.1 Strategies for increasing resource efficiency relating to process (taken from the VDI 
Standard 4800 Part 1)

29 Resource Efficiency for the Manufacturing Industries – A Holistic Approach

http://www.resource-germany.tv/topics/plastics-processing/plastic-less-material-more-quality/


410

control system was integrated. The pressure inside the extrusion machine is continu-
ously adapted to the plastic granulate quality, thus always forcing the correct vol-
ume into the mould (Fig. 29.4).

29.3  Tools for Practice

The previous discussion shows just two examples of how the strategies and mea-
sures defined by the VDI Standard are translated into publications and tools pub-
lished by VDI ZRE. The goal of this work is to develop tools that help enterprises 
implement measures for higher resource efficiency. They are provided free of charge 
and can be used online5 or offline. Some of the main tools are described below.

29.3.1  Resource Check

Resource Checks are modular, structured checklists intended to support companies 
in increasing the efficiency of manufacturing processes, or reducing building resource 
consumption. A questionnaire of up to seven questions related to a specific techno-
logical process is provided. Upon finishing the test, a detailed assessment is given 
and measures to improve the resource efficiency of this process are provided. Various 
Resource Checks are available for companies in the manufacturing industry (18 
Checks) and the building sector (5 Checks). An example is presented in Fig. 29.5.

5 See www.ressource-deutschland.de, some tools are also available in English at www.resource-
germany.com

Fig. 29.4 Plastic recycling due to an adapted control system
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Fig. 29.5 Resource Check for injection moulding (see VDI ZRE a)
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29.3.2  Process Chain

VDI ZRE offers visualised interfaces to its database which contains, for example, 
best available technologies, movies, and best practice examples. These interfaces 
are organised along Process Chains. They enable decision makers to quickly access 
the required information for every process step. At the moment, 15 Process Chain 
visualisations are available. In addition, the production infrastructure tool provides 
information about energy and material efficiency potentials in production and build-
ings (Fig. 29.6).

29.3.3  Cost Calculator

The Cost Calculator provides users in small and medium-sized businesses with a 
practical way of calculating resource-related costs. The tool analyses the company’s 
cost structure as well as the material and energy flows, comparing them with indus-
try data. Furthermore, the tool supports users in making investment decisions 
(Fig. 29.7).

29.3.4  Innovation Radar

The Innovation Radar provides information on the latest technology developments 
and process optimisations with the potential to sustainably reduce material and 
energy consumption.

Fig. 29.6 Production infrastructure visualisation (see VDI ZRE b)
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29.3.5  Publications

The publications of the VDI ZRE provide a comprehensive overview of contempo-
rary knowledge about resource efficiency in selected fields of technology. Currently 
20 short analyses, 11 technological monitoring reports and nine studies are 
available.

29.3.6  Web Videomagazine

VDI ZRE has so far published 38 movies showing best practice examples for the 
successful implementation of resource efficient technologies and processes in com-
panies. These short films can be either found on a specific website6 or on YouTube.7

29.3.7  Qualification Courses

VDI ZRE offers qualification courses for consultants and employees of the manu-
facturing industry. These courses are carried out by VDI ZRE in cooperation with 
experienced resource efficiency consultants and local partners, such as associations 
or chambers.

29.3.8  Other Activities

VDI ZRE coordinates the nationwide Network Resource Efficiency (NeRess). 
Partners of the network are major stakeholders in the area of resource efficiency, 
such as, for example, regional administrations and networks, industrial associations, 

6 www.ressource-deutschland.tv
7 YouTube channel: “Ressource Deutschland”.

Material costs
Energy costs
Cost of goods for resale
Costs of commission processing
Labour costs
Depreciation
Maintenance and repair
Rent
Other

Fig. 29.7 Example of a 
cost structure analysis 
provided by the VDI ZRE 
cost calculator tool
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unions and environmental organisations.8 VDI ZRE organises the biannual national 
network conference as well as up to 12 regional events per year. The competence 
centre also facilitates the Industry Club Resource Efficiency, a nationwide network 
of top-runner companies.9

29.4  Outlook

VDI ZRE is currently developing a comprehensive online guide to resource effi-
ciency in SME based on the new VDI Standard 4801. It will connect the existing 
VDI ZRE tools with the content of this standard. After publication, this guide can 
be used for a step-by step analysis and the development of an in-house strategy to 
improve resource efficiency in companies.

29.5  Conclusion

VDI ZRE provides a broad portfolio of resource efficiency tools for companies. The 
VDI Standards on resource efficiency provide a methodical and systematic frame-
work. These tools and standards contribute to the dissemination of resource effi-
ciency in companies, thus increasing the competitiveness of the German 
manufacturing industry and improving environmental and climate protection.

Disclaimer  This paper does not necessarily reflect the opinion or the policies of the German 
Federal Environment Agency.
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Chapter 30
Towards a Resource Efficient and Greenhouse 
Gas Neutral Germany 2050

Jens Günther, Harry Lehmann, Ullrich Lorenz, David Pfeiffer, 
and Katja Purr

Abstract As a study by the German Environment Agency (UBA) already demon-
strated, a greenhouse-gas neutral Germany in 2050 is technical possible, which is an 
important and necessary first step. However, possible synergies and trade-offs must 
be examined in order to put these technical options into practice to facilitate a 
greenhouse- gas neutral economy and society. Especially the resources needed for 
the transition and for the maintenance of the new system must and will be consid-
ered as well as the society that will have to run and maintain such a transformed 
system. Bearing this in mind, a comprehensive policy mix needs to be designed. In 
this respect the new study “Greenhouse Gas Neutral and Resource Efficient 
Germany” will provide the scientific basis for the development of an integrated 
policy mix that systematically makes use of synergies and addresses conflicting 
targets and trade-offs. The fundamental setting of this new study is described below.

Keywords Greenhouse Gas Neutrality • Transformation pathways • Decarbonisation 
strategy • Resource efficiency • Policy mix • Synergies and trade-offs

30.1  Greenhouse Gas Neutrality – What Is Possible?

Germany aims for total greenhouse gas (GHG) emissions reductions of 80–95% by 
2050, compared to 1990 levels. This comes rather close to a neutral Greenhouse Gas 
Balance. As one of the world’s leading industrialised countries, Germany must play 
a significant role and take responsibility with regard to the global challenges con-
cerning climate protection and lower its emissions until 2050 by 95%.
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In order to stay below the internationally agreed two-degree limit on global 
warming, and to pursue efforts to achieve a level of 1.5 °C of temperature increase 
compared with pre-industrial values, and as well as to adapt to the unavoidable 
impacts of climate change, a profound fundamental transformation towards an eco-
nomic management and lifestyle is required that largely does without any green-
house gas emissions.

This change affects many sub-systems of our society simultaneously: the energy 
sector, transport, building, agriculture, industry and so forth. The transformation is 
therefore characterised by the combination and interaction of innovations, actors 
and political instruments under changing framework conditions. It must be embed-
ded in a sustainable development and include originator-attributable solution path-
ways. Fossil fuels, nuclear energy, geo-engineering, and CO2 capture and storage 
(CCS) are not components of a sustainable future. Rather the key measures in all 
fields of action should aim to promote or enable:

• full utilisation of the potential for avoiding emissions and increasing efficiency;
• the substitution of fossil fuels in all fields of application with energy from renew-

able sources;
• an efficient use of resources;
• sufficient lifestyles and business operations and
• climate-resilient (infra-)structures (Schmeja et al. 2016).

The greatest reduction contributions must come from the energy sector including 
industry and transport. This requires the utilisation of efficiency potentials, the 
increased use of renewable sources of energy for power generation, and withdrawal 
from fossil-fuel power generation, as well as the regenerative supply with electricity- 
based energy sources and resources for all fields of application.

The study by the German Environment Agency (UBA) entitled “Germany in 
2050 – a greenhouse gas-neutral country” demonstrated that a reduction of GHG 
emissions of approximately 95% compared to 1990 or annual per capita emissions of 
around one tonne of CO2eq is technologically feasible (Fig. 30.1) (Purr et al. 2014). It 
is based on a series of studies analysing various archetypes of a 100% electricity sup-
ply of Germany with renewable sources. It includes in its research all relevant emis-
sion sources. Alongside complete energy supply, including heating and transport, the 
study also looks at emissions from industry, waste disposal, agriculture and forestry 
as well as changes in land use. The study presents a target scenario: along with the 
electricity sector, the heat generation and transport sectors must become completely 
CO2 neutral. Sectors like agriculture and certain industrial processes cannot elimi-
nate all their emissions. The complete energy demand can be met by a system based 
fully on renewable energy sources. The resulting energy system is based largely on 
direct use of renewable electricity, hydrogen produced by electrolysis of water, and 
synthesised hydrocarbon compounds (i.e. methane and fuels) (Fig. 30.2).

Demonstrating the technical feasibility is an important and necessary first step 
towards a greenhouse-gas neutral country. However, to put these technical options 
into practice to facilitate a greenhouse-gas neutral economy and society, an exami-
nation on possible synergies and trade-offs must be considered. This should finally 
lead to an integrated decarbonisation strategy including a transformation roadmap.
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30.2  Broaden the Picture – Linkages Between Resource 
Efficiency and GHG Neutrality

From a mass flow perspective, material use and greenhouse gases are closely inter-
linked (e.g. Giljum et al. 2011; Behrens 2016; UNEP 2016a). Most apparently, any 
burning of fossil fuels leads directly to more carbon dioxide but also to climate 
active precursor substances like e.g. NOx. Furthermore, there is also a series of 
industrial processes where either fossil substances are needed and transformed to 
carbon dioxide (e.g. carbon as reduction substance in steel cooking) or directly set 
free due to the chemistry of the process (e.g. calcination) (Worell et  al. 2001). 
Especially the energy intensive extraction, processing and use of raw materials is 
directly linked to climate change under the current fossil fuel based energy system. 
For instance, the mining and refining of metals currently amount to around 7–8% of 
the total global primary energy consumption. On the other hand, metals recycling 
could reduce the energy consumption in a range between 55 and 90% compared 
to primary production (UNEP 2013). Beside these synergies between resource 
efficiency and energy savings respectively GHG emissions reduction, possible 
trade- offs also need to be taken into account. Most obvious, building up renewable 
energies systems are material intensive, especially critical raw materials such as 
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copper, gold or neodymium are needed (e.g. UNEP 2016b). Also further technologi-
cal measures to reduce energy consumption and GHG emissions like lightweight 
constructions of vehicles or building envelope insulation may lead to a higher mate-
rial input or need innovative resource efficient recycling solutions (e.g. Werland 
et al. 2014).

But it is not only the energy intensive industry or the renewable energy sector 
that is part of the picture. The whole production and consumption, transportation 
and housing system currently relies to a large extent on energy and materials. As 
long as the energy system is based on fossil fuels, nearly any human activity emits 
greenhouse gases. In such a sense, the challenge is manifold: it is not only the way 
in which energy for production and consumption is provided, it is also the method 
of production of the actual goods, and the build-up of the necessary infrastructure 
and finally the respective life and consumption styles (Behrens 2016; UNEP 2010, 
2016a).

While we have been able to demonstrate that greenhouse gas neutral Germany is 
technically possible, the resources needed for the transition and for the maintenance 
of the new system must and will also be considered as well as the society that will 

Fig. 30.2 Qualitative representation of the energy flow in the UBA scenario for 2050 including 
demand for renewable inputs for the chemical industry. Representation of energy flows are propor-
tional to the energy flows required (Purr et al. 2014). * Including line losses, losses from reconvert-
ing methane into power and losses from converting biomass into power
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have to run and maintain such a transformed system. Additionally, we know that the 
use of resources has impacts on the environment besides the greenhouse effect. 
Berger and Finkbeiner (2015) differentiate 13 impact categories clustered in four 
categories that include the nexus of materials and fossil fuels (Table 30.1).

A series of environmental effects can occur throughout the value chain, from the 
extraction of raw materials to consumption, usage and final deposition or recycling, 
partly indirectly by the accompanying infrastructure (e.g. in the case of streets: land 
use change/loss of soil, cut off of habitats, emission of hazardous substances, etc.) 
(e.g. UNEP 2013, 2016a, b).

The German National Programme for Resource Efficiency (ProgRess) (BMUB 
2012, 2016) addresses these issues politically in Germany. The comprehensive aim 
of the programme is to reduce the overall consumption of natural resources to 
reduce the environmental impacts and to decouple economic growth from resource 
use. For this, the programme defines various measures and instruments along the 
whole value chain. ProgRess II (BMUB 2016) explicitly follows an integrated per-
spective on material and energy flows and efficiency. While from a general perspec-
tive the close relation of resource policy and climate change is clear, the concrete 
synergies and possible trade-offs or analysis of conflicting targets is still pending. 
This is the reason why the mere analysis of the technological feasibility of a green-
house gas neutral Germany was just the first step.

Now, we need to find out what resources are needed to realise such a transforma-
tion. What are possible pathways towards the overarching goal of GHG-neutrality? 
Are there more resource efficient alternative technologies towards GHG-neutrality? 
How could society contribute, both by saving energy and materials and fostering 
repairing, sharing and recycling?

Table 30.1 Impact 
categories of environmental 
assessments (Berger and 
Finkbeiner 2015)

Impact group Impact category

Chemical impacts Greenhouse gases
Indoor emission
Wastewater
Hazardous substances emitted to air
Diffuse emission of hazardous 
substances and nutrients

Physical impacts Nuisance
Radiation
Mechanical killing of animals

Biological impacts Health risks from pathogens
Biological invasion

Impacts on 
resources

Raw materials/energy carriers
Biotic resources
Water consumption
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30.3  Building Blocks Towards a Greenhouse Gas Neutral 
and Resource Efficient Germany

The underlying challenges are manifold and the objectives for a transition towards 
a sustainable society are clear. It leaves no doubt that in the long run, there are no 
alternatives to a transition to a greenhouse gas neutral and resource efficient 
Germany. We also know that climate change cannot and must not be seen separately 
from resource efficiency policy. While the problem descriptions are comprehensive, 
a shift of the focus is necessary from the problem focus to potential solutions.

While we are already able to show some potential synergies and trade-offs of the 
two policy domains climate protection and sustainable resource use, a comprehen-
sive policy mix needs to consider societal questions and cannot ignore the economic 
system. In this respect, UBA’s intention is to provide the scientific basis for the 
development of an integrated policy mix that systematically makes use of synergies 
and addresses conflicting targets and trade-offs without ignoring the laws of 
thermodynamics:

• While the reduction of GHG-emissions must be in total 95% compared to 
the level of 1990, resource use must also be reduced with the same level of 
ambition. Since there are currently no absolute thresholds for raw material 
consumption in the sense of ecological viability that can be clearly described, a 
sustainable level of raw material consumption based on the precautionary prin-
ciple needs to be applied. At least, this mean reducing raw material consumption 
where possible, making use of all efficiency potentials, avoiding rebound effects 
and preventing environmental impacts to end up in a currently discussed corridor 
of global per capita consumption between three and eight tonnes primary raw 
material use (e.g. UNEP 2011; Bringezu 2015).

• All sectors in the German economy must be fossil-free by 2050. This also 
includes the material base for petrochemical and plastic/polymer production. 
The carbon sources for polymers must either be biotic or derived by catalytic 
processes.

• The fundamental bases to achieve fully fossil free sectors are an integrated 
energy system based on 100% renewable energy and Power-to-X technolo-
gies, e.g. electric mobility, power to heat with heat pumps, power to liquid 
(Purr et al. 2016; Schmeja et al. 2016).

• The energy sector is currently – next to mobility – the biggest emitter of 
GHG. It is technically possible with today’s technology to achieve 100% renew-
able energy. There exist numerous options to design the renewable energy 
system. After the 2050 target scenario, UBA will look at viable transformation 
paths towards a greenhouse-gas neutral and resource efficient future for Germany 
to deduct possible transformation steps for 2030 and 2040 to reach the 2050 
targets. UBA will analyse and assess the different material needs including 
“rucksacks” for different technology mixes.
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• A GHG-neutral mobility sector needs an ambitious combination of technology 
changes and measures on traffic prevention, traffic shift and an efficient 
handling of traffic (Bergk et  al. 2016; Schmeja et  al. 2016). Besides a 
 considerable increase in energy efficiency of vehicles, a shift towards power 
based fuels and power units is needed. To achieve this, new infrastructures may 
be needed in addition to a traffic shift and efficient traffic handling. The construc-
tion of this infrastructure must be resource efficient right from the start. Moreover, 
the implementation of technical measures, like lightweight construction, and 
technological innovations (e.g. e-mobility) must consider raw material con-
straints, resource efficiency and recycling options as far as possible.

• Process-related greenhouse gas emissions in industry must be reduced as far 
as possible. This may require innovative processes and new production infra-
structure. The evaluation of the raw material demand, also to avoid resource 
constraints, and possible environmental impacts of these new processes are 
essential to avoid negative lock-in effects.

• A circular economy is a key element in a resource efficient and greenhouse 
gas neutral society. In order to lower the use of materials, to close the material 
flows and avoid diffuse losses, a resource-efficient based product design must be 
adopted. UBA will follow – where possible – all options of a resource efficient 
economy. That includes: rethink, redesign, remanufacture, refuse, recycle, 
recover, reduce, reuse, remodel and increase the lifetime of the products.

• A climate-neutral and resource efficient building stock is a key element both 
for sustainable resource use and GHG-neutrality. A fast and comprehensive 
building renovation is needed to achieve a climate-neutral building stock (Bürger 
et al. 2016; Schmeja et al. 2016). To avoid an unnecessary high amount of raw 
materials use, measures on resource efficiency and sustainable construction must 
be implemented in the process of refurbishment as well as construction of build-
ings. The use of the anthropogenic stock and its path dependencies have to be 
considered (UBA 2013, S. 20ff).

• Efficiency both in resource and energy use cannot be the only strategy. From 
the consumption perspective, absolute reductions in energy and material use 
must be achieved.

• This requires also considering potentials in behavioural changes in society. 
This must not be seen uncoupled with societal acceptance. Attention must also 
be drawn towards societal dynamics and acceptance processes of the population. 
Special attention will be given to the areas of needs: mobility, construction and 
housing and diet. These areas are most relevant in terms of GHG emissions as 
well as resource use (UNEP 2010).

• The agricultural sector will have to reduce the GHG emissions by at least 
50% compared to 2010 and the use of nitrogen, potassium and phosphorus 
also have to decrease. To achieve this, animal production needs to be reduced, 
the use of energy crops has to be stopped and organic farming has to be extended. 
In addition, an effective fertilizer management have to be in place.

• The sector land use, land use change and forestry (LULUCF) has to be 
developed towards a carbon sink. This will require the determination of an 
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optimal balance between the carbon stock in forests and carbon storage in 
wooden products. In addition, the restoration of high-carbon ecosystems is 
needed.

• Technical solutions must not be achieved at the cost of environmental pollu-
tion. To avoid inadvertent lock-in effects and negative environmental impacts, 
UBA will evaluate innovative technological solutions concerning possible syner-
gies and trade-offs with special focus on resource use and further ecological side 
effects (UNEP 2016b).

• While single technical solutions appear effective, we will systematically 
analyse the feedbacks and interferences with other solutions. For example: 
Bauxit/Aluminium recycling will lead to the reduction of energy demand, but 
may translocate the energy demand.

The main directions, overall and in different relevant sectors, are clearly defined. 
And numerous measures, approaches and innovative technologies to move towards 
these objectives are already under discussion. But the major task will be to draw a 
consistent and coherent picture, using the aforementioned building blocks. In doing 
so, it will be necessary to identify and close relevant knowledge gaps, especially in 
terms of synergies and trade-offs between climate policy and sustainable resource 
use.

Disclaimer This paper does not necessarily reflect the opinion or the policies of the German 
Federal Environment Agency.
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Chapter 31
Pope Francis’ Encyclical Laudato Si’ 
as a Catalyst for Societal Transformation? 
Critical Remarks and Presentation 
of an Inspired Exemplary Project as a Driver 
for Sustainability

Ulrich Bartosch, Christian Meier, and Till Weyers

Abstract There is a broad consensus among scientists and society that a “Great 
Transformation” towards more sustainability is of existential urgency for saving the 
living conditions of our planet. Nonetheless, the global political and economic reac-
tions and efforts have been insufficient. In this context, the encyclical letter “Laudato 
Si’ – on care for our common home” of Pope Francis (2015a)—in which he calls for 
a more sustainable lifestyle and economy and more social justice—received world-
wide attention from all sectors of society with many welcoming the encyclical 
almost enthusiastically. Therefore, it seems worthy to explore the relevance, trans-
formative potential and impact of the statements of a religious leader. In this chap-
ter, we will attempt to answer the question: can the encyclical Laudato Si’ act as a 
catalyst for a global societal transformation towards more sustainability? First, we 
give some critical remarks and observations about this question, set it in the context 
of sustainability research and invite a broader discussion.

Drawing from sustainability science we begin by giving some remarks on trans-
formations, their drivers and characteristics. For this we use the flagship report 
“World in transition” by the German Advisory Council on Global Change (WBGU 
2011b). Second, we present and reflect on the encyclical. We start with some gen-
eral remarks on the document, continue with a presentation of statements on sus-
tainable resource use and then comment on the question of “Laudato Si’” as a 
potential catalyst for transformation. Third, we present the project “Laudato Si’ – 
The papal encyclical in discourse for a Great Transformation” of the Catholic 
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University of Eichstätt-Ingolstadt (KU) and the Federation of German Scientists 
(VDW). The project takes the encyclical and its statements on socio-ecological sus-
tainability as a starting point. Through transdisciplinary, communicative and 
scientific- educative activities the project re-contextualizes the statements of the 
encyclical in the scientific field and thereby acts as a sustainability transformative 
driver, building a bridge between religion and science in the field of transformation. 
It is shown that the encyclical has considerable transformative relevance. Some 
impacts can already be noticed, even if long-term and global impacts are difficult to 
determine, yet.

Keywords Laudato Si’ • Pope Francis • Great transformation • Transformation 
drivers • Change agents • Sustainability • Sustainable resource use • Transformative 
education

31.1  The Urgency of a “Great Transformation”, Its Key 
Elements and Transformative Drivers

Before analysing Laudato Si’ and its relevance for transformation processes it 
seems reasonable to first establish a brief technical basis regarding great transfor-
mations. First, the need for such a transformation is explained. Second, a definition 
of the “Great Transformation” is given. Third, transformative drivers are specified. 
Fourth, characteristics of these drivers are identified.

31.1.1  Why Is a “Great Transformation” Necessary?

Many scientists and NGOs have called for more sustainable development for 
decades.1 With the United Nations Framework Convention on Climate Change 
(UNFCCC), the Millennium Development Goals and the subsequent Sustainable 
Development Goals (SDGs), the world has tried to find a global consensus on cli-
mate protection, sustainable development and transformations since the early 1990s 
(The United Nations 2015).

The motivation behind these global efforts is the conviction that we need a trans-
formation. But why is a “Great Transformation” necessary? To highlight the situa-
tion we follow the flagship report “World in Transition. A Social Contract for 
Sustainability” by the German Advisory Council on Global Change (WBGU 
2011b). It simply and drastically answers that a Great Transformation is necessary, 
because otherwise humankind will soon lose its possibilities to live on this planet. 

1 To name just one example: The St. James’s Palace Memorandum from 2009, published by 60 
Nobel Laureates.
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It is necessary to avoid dangerous climate and environmental change and a collapse 
of the essential guardrails of the earth system. It is mandatory—already for norma-
tive, ethical reasons—to save the planet, at least in its current state, and to pass it 
along in such a state that future generations still have a fair chance for a good life. 
For this reason, more equality between the global north and south must be reached, 
respecting sustainable development. Value changes are already noticeable, cf. Chap. 
2 of the WBGU report “Changing Values: The Global Transformation of Values has 
already begun” (WBGU 2011b). Technical knowledge about climate change and 
sustainability urgencies is widespread. However, we are far from the desired and 
necessary state. The shift from thinking to acting is long and often difficult, on the 
individual and especially on the political and economic level, as there are complex 
path dependencies (WBGU 2011b).

Therefore, transformation efforts must ask and answer the central question: how do 
you get from knowing to transformative acting? It is to a large part underlying atti-
tudes and values that cause people to act. Consequently, it seems reasonable to also 
focus on the ethical, normative and moral level addressed by the encyclical Laudato Si.

31.1.2  The Great Transformation: Key Elements 
and Transformative Drivers

The WBGU report represents one example out of many important scientific sources 
both for the investigation and explanation of great transformations generally and 
concretely for the foundation of the transformative KU/VDW Project, “Laudato 
Si’ – the papal encyclical in discourse for a Great Transformation”, presented in part 
3 of this chapter.2 The WBGU report seems appropriate for this as “[t]he pathway 
towards this successful transformation is mapped out in detail” (WBGU 2011c, 
p. 4) in it and “[t]he transformation into a low-carbon society is examined in its 
entirety” (WBGU 2011b, p. 28).

The WBGU defines the Great Transformation as “imminent change in politics, 
economy and society that is required to master the global challenges” (WBGU 
2011b, p. 81)—principle among these being global warming and climate change. It 
concerns the “global remodelling of economy and society towards sustainability” 
(WBGU 2011b, p. 322). Its key element is a global energy turnaround and decarboni-
sation of the energy systems by 2030 (cf. WBGU 2011b, pp. 171–172, citing WBGU 
2004). The general key measures include “the cooperation of the international com-
munity and the establishment of global governance structures” (WBGU 2011b, p. 6) 
and the mobilization of Change Agents at all levels (WBGU 2011b, p. 272).

2 The project relies on a long list of important publications such as the Sustainable Development 
Goals (“SDGs”; The United Nations 2015), The Limits to Growth (Meadows et al. 1972), Silent 
Spring (Carson 1962) and the Brundtland Report (The United Nations/World Commission on 
Environment and Development 1987).
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The transformation can be supported and facilitated by transformative drivers, 
which are accelerating factors and actors. Among others, “[s]ustainability-minded 
actors […] have an important role to play as drivers of transformation, for they set 
the process in motion and endow it with the requisite legitimacy” (WBGU 2011a, 
p. 2). Change agents “support certain changes, actively driving them ahead” (WBGU 
2011b, p. 243, referring to Kristof 2010).3 Amongst other fields they can be active 
in science, research and education (cf. WBGU 2012, p. 1).

In order to illustrate how change agents work and how their messages can be put 
into practice, we must first describe the characteristics of transformative drivers. 
These characteristics represent evaluation standards, which are used and applied to 
the KU/VDW4 Project (see Sect. 31.3) with the aim of illustrating that actors and 
initiatives in the field of research and education can be effective as change agents.5 
“‘Change agents have a convincing idea for change’” (WBGU 2011b, p. 243, cit-
ing Kristof 2010). “They network and gain important fellow campaigners, […] they 
gradually develop the idea further together” (WBGU 2011b, p. 243, citing Kristof 
2010), and join forces with other sustainability minded actors (cf. WBGU 2011b, 
p.  245, referring to Grin et  al. 2010). Transformative drivers and project actors 
should have the self-perception of a catalyst for societal change and the aim to acti-
vate, convince and carry people along (cf. WBGU 2011b, p.  272). Dialog, dis-
course, cooperation with politics, civil society and economy for exploring and 
developing visions and solutions is another characteristic of transformative drivers 
(cf. WBGU 2012, p. 1).

The above-mentioned characteristics are valid for all change agents; however, 
because the KU/VDW Project is active especially in the field of science, that is 
research and education, the focus will be put on this field. Involvement of civil soci-
ety in the discourse; sharing of “[t]he current status quo of scientific knowledge 
[…] actively, and especially participatively, […] with society” (WBGU 2011b, 
p. 352); and making society participate in the education and transformation process 
are characteristics of drivers in the field of research and education.6

Transformative research and its actors are attributed the characteristics active 
advancement of the Great Transformation (cf. WBGU 2011b, p. 22) through the 
“development of solutions” (WBGU 2011a, b, p. 351) and use of “inter- as well as 
transdisciplinary procedure methods, including stakeholder participation” (WBGU 
2011b, pp. 351–352).7

According to the WBGU, convincing people of the meaningfulness of transforma-
tions seems to be one of the crucial criteria related to the efficacy of transformative 

3 Chapter 6 of the WBGU’s flagship report of 2011 (pp. 241–264) is dedicated to these “Agents of 
Transformation: How Innovations Can Spread (Faster)” (p. 241).
4 VDW is the acronym for the German name of the organisation “Vereinigung Deutscher 
Wissenschaftler e. V.”.
5 In this part of the essay (and in Sect. 31.3) the drivers’ characteristics are highlighted by putting 
them in italic letters.
6 The project, presented in Sect. 31.3, includes activities especially in the field of education.
7 For affirmation see also WBGU 2011b, pp. 23, 323 and WBGU 2012, p. 2.
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measures (cf. WBGU 2011b, p. 273). One important question therefore is, how can 
people be convinced and what takes them from knowing about the urgency of an 
action to acting in the “required” way. One possible way to achieve this is through 
transformation education. It involves four ascending steps for making people change 
their attitude and behaviour towards sustainability.8 It begins with (a) knowledge 
communication (cf. WBGU 2011b, p. 23; see also pp. 241 and 352), followed by (b) 
creating problem awareness (cf. WBGU 2012, p.  1) and transformation- relevant 
awareness (cf. WBGU 2011b, p. 352).9 In order to influence people to then change 
their behaviour, the (c) attitudes and values have to be shaped and changed (cf. 
WBGU 2011b, p. 7)10 as they are the compass and guiding principles for people’s 
behaviour and actions. From sustainability knowledge, awareness and values a cor-
responding (d) responsibility can result. Transformative education can contribute to 
this through communication, promotion and creation of sustainable behaviour to 
take on collective and cross-generational responsibility of our “common home” 
(WBGU 2011b).

The WBGU report and the illustrations above show that transformative actors can 
be active in the field of research and education. They play an important role in the 
transformation towards sustainability as they set it into motion and drive it forward 
through inter alia transformative knowledge communication, awareness rising and 
value building. Both Laudato Si’ and the KU/VDW Project, which takes the encycli-
cal as the starting point for its activities, reveal considerable potential for supporting 
transformation processes in the fields of education, research and communication.

31.2  Laudato Si’ as a Catalyst for Transformation?

In this part of the chapter we want to examine the potential role of the encyclical 
Laudato Si’ as a catalyst11 for transformation, especially in the areas of education, 
values and communication.12 First, we give some information about the encyclical 
letter, regarding its content and especially its messages on the sustainable use of 
resources. Second, we underline the relevance of Laudato Si’ and its potential 
impact as a catalyst for societal transformation.

8 It is assumed that actions and behaviour are determined by awareness and especially attitudes and 
values.
9 The WBGU also makes suggestions on how to create the “right” awareness and to turn awareness 
into requisite action (see WBGU 2011b, pp. 7, 23, 241, 321, 355–357).
10 For illustration and affirmation see also WBGU 2011b, pp. 67 and 352.
11 In our examinations we use the term “catalyst” as something that provokes or accelerates a 
development.
12 Laudato Si’ means Praise Be! from the Canticle of Brother Son, Sister Moon of Francis of Assisi. 
An encyclical is a letter, formally addressed first to all the bishops, and is the highest level of teach-
ing in the Catholic Church (Tucker 2015).
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31.2.1  Laudato Si’ and Its Statements on Sustainable 
Resource Use

The encyclical can be seen as another addition to the catholic social doctrine. The 
first social encyclical Rerum Novarum was published in 1891 by Pope Leo 
XIII (Pope Leo XIII 1891). Since then, a number of social encyclicals have been 
issued by subsequent popes. However, Laudato Si’ marks the first time in the history 
of catholic social doctrine that a papal encyclical deals with the complex issue of the 
environmental challenges in a systematic and comprehensive manner and in con-
nection with global development (cf. Bals 2016).

It must be underlined—in contrast to its coverage in the German media as an 
environmental encyclical—that Laudato Si’ addresses much more than just environ-
mental issues. The Pope argues that, “a true ecological approach always becomes a 
social approach; it must integrate questions of justice in debates on the environment, 
so as to hear both the cry of the earth and the cry of the poor” (49).13 Thus, the text 
could be called the first socio-ecological encyclical.

The overarching theme of Laudato Si’ is “care for our common home”. It covers 
a wide variety of topics, ranging from resource efficiency to the care for the poor 
and a dialogue between religion and science. The encyclical is a theological text; 
however, it is addressed to “every person living on this planet” (3). It has been 
described as doubly coded, both theologically as well as scientifically (for an analy-
sis see Bals 2016). This chapter seeks to highlight the ways in which the encyclical 
Laudato Si’ talks about the use of resources. In this sense, the chapter addresses the 
message in the encyclical that is directed not only to the Christian world but to all 
people. Moreover, the theological dimension will not be the focus here (for a theo-
logical discussion see e.g., Marx 2015, Hengsbach 2016, Schorlemmer 2016).

The papal document is divided into six chapters and encompasses 184 pages, 
which is rather long for an encyclical. The central topics of the encyclical, as 
described by Pope Francis himself, evolve around

the intimate relationship between the poor and the fragility of the planet, the conviction that 
everything in the world is connected, the critique of new paradigms and forms of power 
derived from technology, the call to seek other ways of understanding the economy and 
progress, the value proper to each creature, the human meaning of ecology, the need for 
forthright and honest debate, the serious responsibility of international and local policy, the 
throwaway culture and the proposal of a new lifestyle (emphasis added) (16).

Chapter one “What is happening to our common home?” describes the current 
state of the world, laying out the problems that our world faces today. In this chap-
ter, the pope talks about various issues, such as climate change (cf. 23–26); pollu-
tion, environmental degradation, waste and throwaway culture (cf. 20–22); issues 
pertaining to water (cf. 27–31) and biodiversity loss (cf. 32–42). These are some of 

13 Explanation: All the citations from the encyclical have numbers in brackets. These do not refer 
to page numbers but the numbered sections in the text. This is especially useful, because the quoted 
section is always easy to find in each edition of the encyclical in different languages.
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the areas that threaten the “planetary boundaries” (cf. WBGU 2011b). Furthermore, 
the pope addresses global inequality (48–52) and the problem of weak (political) 
responses to the issues we face today.

Regarding resources, he criticises the throwaway culture by citing the example 
of the lack of complete paper recycling (cf. 22). He highlights that “our industrial 
system, at the end of its cycle of production and consumption, has not developed the 
capacity to absorb and reuse waste and by-products” (22). He points out the need for 
a circular economy and what has been called the “cradle-to-cradle” approach—in 
contrast to the current cradle-to-grave mode of production and consumption. The 
circular economy would be “capable of preserving resources for present and future 
generations, while limiting as much as possible the use of non-renewable resources, 
moderating their consumption, maximizing their efficient use, reusing and recycling 
them” (22, emphasis added). In sum, the Pope demands a radical change of the cur-
rent conventional mode of production.

Pope Francis highlights the huge impact of climate change and underlines its 
effects on the carbon cycle. Per the encyclical (which refers to state of the art scien-
tific findings), climate change “creates a vicious circle which aggravates the situa-
tion even more, affecting the availability of essential resources like drinking water, 
energy and agricultural production in warmer regions, and leading to the extinction 
of part of the planet’s biodiversity” (24). Therefore, there “is an urgent need to 
develop policies so that, in the next few years, the emission of carbon dioxide and 
other highly polluting gases can be drastically reduced” (26). The Pope points to the 
need for more energy and sustainable resource use, e.g. in the transport and building 
sectors. Unfortunately, though, good practices (some of them described in part three 
of this publication and in this chapter) are still far from widespread.

Pope Francis specifically addresses the issue of water in the context of natural 
resource depletion. He states that “we all know that it is not possible to sustain the 
present level of consumption in developed countries and wealthier sectors of soci-
ety, where the habit of wasting and discarding has reached unprecedented levels” 
(27). “Fresh drinking water is an issue of primary importance, since it is indispens-
able for human life and for supporting terrestrial and aquatic ecosystems” (28). The 
arguments in the subsequent sections follow the same line of reasoning. We are 
overusing natural resources and on top of that not using them in an efficient way and 
disposing most of them instead of recycling them.

The Pope puts emphasis on the need and obligation of each government to carry 
out “its proper and inalienable responsibility to preserve its country’s environment 
and natural resources, without capitulating to spurious local or international inter-
ests” (38). He criticises that “every intervention in nature can have consequences 
which are not immediately evident, and that certain ways of exploiting resources 
prove costly in terms of degradation” (41).

Of great importance is how the Pope draws a link to social inequality and global 
injustice. He highlights that it is often the poor who suffer the consequences of cli-
mate change, environmental degradation, etc. (cf. 48, see also Bals 2016, p. 13). In 
this light, it is important to understand the encyclical as a socio-environmental 
encyclical—as the Pope puts it: “a true ecological approach […] must integrate 
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questions of justice in debates on the environment, so as to hear both the cry of the 
earth and the cry of the poor” (49). The injustice does not only exist on the indi-
vidual level but also the country level, especially between the global north and the 
global south. The disproportionate use of resources over long periods of time 
between countries has created an “ecological debt” (51). Citing the Bishops of the 
Patagonia-Comahue Region (Argentina), the Pope criticises the unsustainable oper-
ation of multinational companies:

[A]fter ceasing their activity and withdrawing, they leave behind great human and environ-
mental liabilities such as unemployment, abandoned towns, the depletion of natural 
reserves, deforestation, the impoverishment of agriculture and local stock breeding, open 
pits, riven hills, polluted rivers and a handful of social works which are no longer sustain-
able (51).

Chapter two is dedicated to a more theological analysis, which will not be cov-
ered here.14 Chapter three describes the human roots of the ecological crises, criti-
cising the dominant “technocratic paradigm” and its focus on growth to the detriment 
of the environment (cf. 101 and 106).

In chapter four, the Pope calls for a paradigm shift, away from the dominant 
technocratic paradigm to a new approach, so-called “integral ecology […] which 
clearly respects its human and social dimensions” (137, for a discussion of the para-
digm shift see Bals 2016, pp. 43–59). The Pope highlights that “we are faced not 
with two separate crises, one environmental and the other social, but rather with one 
complex crisis which is both social and environmental. Strategies for a solution 
demand an integrated approach to combating poverty, restoring dignity to the 
excluded and at the same time protecting nature” (emphasis added, 139).

Chapter five talks about some possible solutions and gives some concrete pro-
posals, also regarding resource efficiency. The Pope gives some advice on how to 
use resources more efficiently, albeit staying for the most part quite general in his 
observations.

A very good example of a solution to resource use is the development of coop-
eratives “to exploit renewable sources of energy which ensure local self-sufficiency 
and even the sale of surplus energy” (179). He points out that there are “no uniform 
recipes, because each country or region has its own problems and limitations”, but 
that much still needs to be done, such as promoting ways of conserving energy” 
(180). Some of these measures should be “favouring forms of industrial production 
with maximum energy efficiency and diminished use of raw materials […], improv-
ing transport systems, and encouraging the construction and repair of buildings 
aimed at reducing their energy consumption and levels of pollution” (180).

The Pope underlines that there are many possible (political) activities, which can 
be carried out on the local level. These include “modifying consumption”, creating an 
“economy of waste disposal and recycling”, “protecting certain species” and “plan-
ning a diversified agriculture and the rotation of crops” (180). The Pope gives a hope-
ful outlook with a vast array of possible alternative ways of producing, consuming 

14 As stated before, the theological dimension is discussed by authors such as Marx (2015), 
Hengsbach (2016) and Schorlemmer (2016).

U. Bartosch et al.



435

and living. He states that “[n]ew forms of cooperation and community organization 
can be encouraged in order to defend the interests of small producers and preserve 
local ecosystems from destruction. Truly, much can be done!” (180).

But he also makes clear that there needs to be a good framework to guarantee 
more sustainable development. Environmental impact assessment must be an inte-
gral part of planning (cf. 183), decisions “must be made based on a comparison of 
the risks and benefits foreseen for the various possible alternatives” (184) and the 
precautionary principle, enshrined in the Rio Declaration of 1992,15 should be 
respected (cf. 186). Also, “negative externalities have to be accounted for and paid 
for by companies” (195).

The Pope highlights that another mode of thinking and production is necessary 
and possible. He claims that “efforts to promote a sustainable use of natural 
resources are not a waste of money, but rather an investment capable of providing 
other economic benefits in the medium term” (191). In the same way, “more diversi-
fied and innovative forms of production, which impact less on the environment, can 
prove very profitable” (191). So in the end, resource efficiency proves useful in 
many ways. The Pope himself describes this aptly: “It is a matter of openness to 
different possibilities which do not involve stifling human creativity and its ideals of 
progress, but rather directing that energy along new channels” (191).

31.2.2  Laudato Si´—Reception, Relevance and Potential 
Impacts

Pope Francis made a valuable contribution to socio-ecological sustainability trans-
formation processes with his encyclical letter “Laudato Si’ – on care for our com-
mon home”, completed in May 2015 and presented to the world on 18 June 2015. It 
has been widely received in the press, by environmental and climate activists, e.g. 
Bill McKibben, founder of 350.org and Naomi Klein, author of the book This 
Changes Everything, and in the scientific world (McKibben 2015; Klein 2015). Two 
leading scientific journals, Nature and Science, even published a response to the 
encyclical in their editorials  (Campwell 2015). Major newspapers, such as the 
Guardian, Süddeutsche Zeitung and FAZ discussed Laudato Si’ (for a good over-
view of global media coverage see Heimbach-Steins and Stockmann 2015). It has 
even been called a “Magna Carta of integral ecology as a reaction to humanity’s 
self-destructive course” (Bals 2016).

The papal encyclical represents a new opening for potential dialogue and coop-
eration. The question is: Does the encyclical make a difference? And can the state-
ments of a global religious leader on eco-sustainability be a catalyst for societal 
transformation?

15 The Rio Declaration of 1992 states in Principle 15 that “where there are threats of serious or 
irreversible damage, lack of full scientific certainty shall not be used as a pretext for postponing 
cost-effective measures” which prevent environmental degradation (The United Nations 1992).
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It is certain that the importance of the messages in Laudato Si’ can be underlined 
by the fact that Pope Francis as a moral authority does not only speak to his 1.2 bil-
lion catholic followers but his analysis is addressed to all of humankind (cf. 
O’Riordan et  al. 2015; Jamieson 2015). What makes the encyclical all the more 
relevant is that it does not see the required transformation to a low-carbon society 
merely as a technical issue (even though technical solutions are absolutely neces-
sary—refer to other chapters of this publication) but as a challenging moral issue. 
Thus, the Pope calls for a change of heart and perspective through the process of 
ecological “conversion” (cf. O’Riordan et al. 2015).

The impact of the encyclical letter Laudato Si’ can be observed in different areas. 
As Pope Francis is the highest leader of the Catholic Church, Laudato Si’ is evi-
dently addressed at the Catholic Church and its 1.2 billion followers. It has a revo-
lutionary character because he brings socio-ecological issues—which until now had 
been discussed primarily on the margins of the Catholic Church—into the centre of 
attention and for the first time treats issues pertaining to the environment, climate 
change, ecological and social justice in a document of highest importance. The 
encyclical can have catalysing effects as an inspiration on the individual level and 
for the catholic organisation, being “a challenge, mission, confirmation and encour-
agement at the same time” (Arbeitsgemeinschaft der Umweltbeauftragten der 
deutschen (Erz-)Diözesen 2017).

However, it is difficult to measure exactly what political effect the encyclical has 
had until now and could still have. It is no coincidence, though, that the encyclical 
was released before the United Nations COP21 climate change negotiations in Paris 
in November 2015 and the negotiations on the SDGs in September of the same year. 
Also, the Pope brought his message both to the UN (Pope Francis 2015b) and the 
US Congress. In the Paris negotiations, he acted as a player in the background, even 
calling some head of states and government to respect the consensus when the deal 
could have failed in the last minute (information provided by Prof. Dr. Hartmut 
Graßl, a German meteorologist and chairman of the VDW). In doing so the pope 
established himself as a political player (Göring-Eckardt 2015, p. 20). Ecologically, 
it seems that the encyclical has had and will continue to have an effect, especially 
since many scientists and civil society organisations have welcomed Pope Francis’ 
call for action. In a third area, ethics, the encyclical will create an even stronger link 
between ecological ethics and social justice. Working for more ecojustice is espe-
cially important for younger scholars, activists and religious leaders. In this field, 
seminaries and religiously based schools will draw on the encyclical for years to 
come (cf. Tucker 2015).

The expert interviews conducted as part of the KU/VDW Project reveal a similar 
picture of the potential impact of the encyclical letter (see Sect. 31.3). All of the 
scientists interviewed welcomed the publication of the encyclical and underlined 
the great reception it received in the scientific and civil society community as well 
as its importance. Some even called it “the first really important environmental text 
of the twenty-first century” (Jamieson 2015).

The encyclical Laudato Si’ has given important impulses for transformation pro-
cesses, inter alia because it explicitly invites conversation both with believers and 
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non-believers. The implementation of these impulses must be carried out by already 
existing and new projects all around the world (see O’Riordan et al. 2015). Laudato 
Si’ can be used to inspire the world to change for better but in the end—and as the 
Pope said himself—it is people who will make the necessary changes. The KU/
VDW Project “Laudato Si’  – The papal encyclical in discourse for a Great 
Transformation” attempts to add to this process. Like many projects around the 
world that are using the encyclical as an impulse and starting point for their work, 
such as the Global Catholic Climate Movement (GCCM) with their “Laudato Si’ 
Week” in 201616 or a conference on investing in clean energy in Rome in January 
201717 as well as catholic universities around the world (e. g. Santa Clara University 
in California,18 Pontifical Catholic University of Chile19), the KU/VDW Project uses 
the impulse and puts the encyclical into context, debating its core messages in an 
attempt to bring them to a broader audience.

The changes catalysed by the encyclical and related projects will not be sudden 
but the impact of Laudato Si’ over the next decade and beyond will be significant. 
“It is the long-term impact for change that we can envision” (Tucker 2015).

31.3  The KU/VDW Project as a Driver for Transformation

In this section we want to examine whether project groups active in the field of 
research and education can contribute to sustainability. The questions that shall be 
answered are: Can projects like the KU/VDW Project actually be transformative 
drivers? Are they able to act as change agents in the fields of research and educa-
tion? And, are they suitable to support and drive the Great Transformation, by 
spreading sustainability impulses, statements and concepts and trying to make them 
effective? To answer these questions, the specific conceptual structure of the KU/
VDW Project and its activities will be described in more detail. In a second step, the 
WBGU’s characteristics of transformative drivers20 will be assessed for the KU/
VDW Project to show that the project acts as a change agent.

Our project benefits from being composed of actors from diverse backgrounds 
and disciplines: on the one hand a public university—the Catholic University of 
Eichstätt-Ingolstadt (KU)—and on the other, a scientific-academic organisation, the 
Federation of German Scientists (VDW), which works to promote responsible 
research in the fields of climate change, biodiversity, peace and security policy. The 
Institute for Advanced Sustainability Studies (IASS) in Potsdam and the Potsdam 

16 See the websites http://catholicclimatemovement.global and http://laudatosiweek.org for details.
17 See the website http://www.laudato-si-investing.com for details.
18 See information on the university website https://www.scu.edu/ and the thematic section on 
Laudato Si’ at https://www.scu.edu/ourcommonhome/ for details.
19 See the dedicated section on the website of the Pontifical Catholic University of Chile at http://
www.uc.cl/es/enciclica-laudato-si
20 See Sect. 31.1 for details.
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Institute for Climate Impact Research (PIK) are the other main project partners. The 
project runs for 2 years (May 2016–April 2018).

The particularity of the KU/VDW Project is its specific communicative structure, 
which can be denominated as contextualisation and re-contextualisation. It takes 
impulses from two different sources (religious and scientific), brings them together 
in an “open forum”, develops them further in a synergetic way and injects them 
enriched back into their areas of origin. This is expressed by the project name: 
“Laudato Si’ – The papal encyclical in discourse for a Great Transformation”.

In its self-perception, the KU/VDW Project acts as a transmission belt (In 
German: “Transmissionsriemen”) and bridge. It takes the impulses of the encyclical 
from a “religious communication room” into another communication room.21 In this 
second room, the project presents, discusses and develops the issues touched upon 
in the encyclical. Through an academic lecture series and other formats, the main 
scientific sources and expertise, which the Pope implicitly uses in his encyclical, are 
made more visible.22 The scientific sources, together with the main topics of Laudato 
Si’, are explained and contextualized by experts from economics, politics, religion, 
science and civil society organisations. All these actors analyse, critically reflect and 
constructively discuss the issues of sustainability and all activities are coordinated 
by the project team. The participating experts enrich the concepts and discourse 
with the current state of knowledge, their expertise and additional sustainability 
concepts. This enrichment process represents the second source of impulses, which 
are drawn on and catalysed by the project activities. The topics are advanced and the 
project tries to develop approaches for concrete solutions. These findings, enriched 
concepts and strategies for action are then injected back into the fields of science 
and other fields of origin. Through this re-contextualisation, the KU/VDW Project 
drives the dialogue and constructive cooperation between the religious discourse 
and the scientific discourse and research for sustainability.23 Through this process, 
inspiring, synergetic forces and dynamics towards sustainability can be created. The 
project contributes to sustainability research and transition processes by presenting 
and using an innovative procedure and a source of input—the religious one—maybe 
underestimated until now.

21 One important question in the project’s research activities is: which role can religion and state-
ments of religious leaders play for supporting and driving societal transformation processes? 
Which impacts can statements of religious leaders have on people’s attitudes, values and resulting 
actions regarding sustainability, climate protection and also resource efficiency? This was dis-
cussed, e.g., at a scientific workshop at the IASS in Potsdam in September 2016; more information 
at http://www.laudato-si-transformation.de/veranstaltungen/internationaler-fachworkshop-am-
iass/; see also Bergmann and Gerten (2010); Gerten and Bergmann (2013).
22 E.g. the scientific expertise on the current state of knowledge on climate impact research of Prof. 
Dr. John Schellnhuber (PIK), one of the presenters of the encyclical to the public on 18 Jun. 2015, 
are presented by our project.
23 See e.g. the joint research project of KU, VDW, IASS and PIK on “Religion and Climate/
Environmental Development” or the IASS/PIK/KU/VDW workshop on the encyclical and its 
transformative potential, 12–14 Sept. 2016 in Potsdam.
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The main formats of the project activities are: (1) academic lectures and panel 
discussions (2) research and publications (3) documentation (and multiplication) of 
the findings via different media.

 1. From May 2016 to Jan. 2017 five academic events have been hosted in Eichstätt, 
Berlin and Potsdam,24 and more are planned for the year 2017.

 2. KU, VDW, PIK and IASS have started a joint research project on “Religion and 
Environmental/Climate Change” with a first research workshop in May 2016. 
Two PhD projects are being pursued by the two project managers25 under the 
auspices of the KU/VDW Project, with topics related to the project. Furthermore, 
about 15 interviews with people from different areas of expertise have been car-
ried out, focusing on the encyclical, its perception, its role in transformation 
processes and its potential impacts.26

 3. For the aim of documentation, all lectures, conferences and interviews are filmed 
and transcribed in written form. All results and findings are made accessible on 
the project’s website, www.laudato-si-transformation.de  (KU/VDW Project 
2016a). In this way, the project team tries to spread and multiply transformative 
knowledge and impulses.

These structural elements of the KU/VDW Project reveal its potential as a catalyst 
and sustainability driver. In the following we will use the WBGU’s characteristics of 
transformative drivers (cf. Sect. 31.1) and assess whether they apply to the KU/VDW 
Project. The change agent’s characteristic Having a convincing idea and vision for 
change is apparent in the KU/VDW Project without any doubt. The common vision 
of KU, VDW, PIK and IASS is the transformation of the economy and society 
towards sustainability.27 This is also expressed in the project’s title and its guiding 
principle: “The aim is to face the global challenges of our time and develop solutions 
for a Great Transformation towards (more) sustainability” (KU/VDW Project 2016b).

For the realisation of this vision, the KU/VDW Project team joins forces with 
other sustainability-minded actors and institutions, first and foremost with PIK and 
IASS. Moreover, the project team networks on the regional, national and interna-
tional level.28 Within the Catholic University of Eichstätt-Ingolstadt and its  faculties, 
the project tries to cooperate with actors already working for sustainability (cf. KU 
“Nachhaltigkeitsbericht” 2016). Through this, and via the project website and addi-
tional work on media relations and other communication measures, the project team 

24 For details see http://www.laudato-si-transformation.de/veranstaltungen/
25 Namely Christian Meier and Till Weyers.
26 For example Prof. Dr. Klaus Töpfer, Prof. Dr. Hartmut Graßl, Christoph Bals, Rev. John Patrick 
Ngoyi, Prof. Dr. Mary Evelyn Tucker, Card. Jaime Lucas Ortega, Prof. Dr. Hubert Weiger have 
been interviewed. Almost all interview partners were participants of the academic events.
27 This is also the vision of the WBGU and is inherent in Laudato Si’.
28 Partners on regional level include the “Department for the Creation and Climate Protection” and 
the “Department for the World-Wide Church (‘Referat Weltkirche’)” of the Diocese of Eichstätt, 
or also single actors such as the KU-Prof. Dr. Ingrid Hemmer and the KU-Prof. emer. Dr. Engelbert 
Groß. On the national level the project engages with Wuppertal Institute for Climate, Environment 
and Energy, Germanwatch, Pax Christi and the BUND – Friends of the Earth Germany.

31 Pope Francis’ Encyclical Laudato Si’ as a Catalyst for Societal Transformation?…

http://www.laudato-si-transformation.de
http://www.laudato-si-transformation.de/veranstaltungen/


440

tries to activate and gain fellows. These network-building activities are further char-
acteristic of change agents.29

The next change agent’s characteristic is closely linked: Dialogue, discourse, 
cooperation with politics, civil society and economy for exploring and developing 
visions and solutions. The above-mentioned activities of networking include the 
mutual support of the partners and the common goals and cooperation. Generating 
and conducting formats, platforms and events for dialogue comprises the core activity 
and communicative structure of the project, as is already expressed in the project title. 
Following the project’s guiding principle “Key messages of the encyclical […] are 
analysed and critically discussed with experts from the areas of science, economics, 
politics, churches and civil society organisations” (KU/VDW Project 2016b). Indeed, 
all the above-mentioned actors participate as speakers at the KU/VDW events.30

With this the KU/VDW Project team’s activities also meet the characteristic, Use 
of inter- as well as transdisciplinary procedure methods and approaches, including 
stakeholder participation.31 All the project activities mentioned have, in addition to 
other aims, the goal of developing (theoretical und practical) solutions, cf. the proj-
ect’s guiding principle: “The aim is to face the global challenges of our time and 
develop solutions for a Great Transformation towards more sustainability” (KU/
VDW Project 2016b).

The involvement of the civil society in the discourse, share the current status quo 
of scientific knowledge and make it participate in the education and transformation 
process is also characteristic for the KU/VDW Project activities. There are almost 
always actors from civil society involved in the academic events organised. 
Furthermore, all the KU/VDW events are open to the public; the participation of the 
civil society is explicitly sought after.32 All participants, among them many from the 
regional civil society, are invited to discuss and contribute at the end of every event.33

With all its activities, the KU/VDW Project team aims at the dissemination and 
realisation of eco-social sustainable thinking and acting. The project involves activi-
ties in the four fields or steps that bring people from “knowing to acting” (cf. also 
Sect. 31.1). First, in terms of (a) knowledge communication, in the project’s discourse 
process and its events, main statements of the encyclical initially are “explained” and 

29 They network and gain important fellow campaigners, they gradually develop the idea further 
together, and join forces with other sustainability minded actors.
30 From the areas of politics e.g. the Hessian undersecretary of state Dr. Beatrix Tappeser took part 
in a KU/VDW event, from the area of civil society e. g. Wiltrud Rösch-Metzler (federal chair-
woman of Pax Christi). Prof. Dr. Ernst Ulrich von Weizsäcker will be key note speaker at a KU/
VDW event on eco-social sustainable economy on 12 May 2017 as well as Prof. Dr. Hubert Weiger 
(federal chairman of the BUND) on 16 and 17 May 2017.
31 This is also readily apparent in the project team setup, which includes organisations from various 
different backgrounds, and their joint research projects. It is also illustrated by the networking 
activities within the KU faculties.
32 These results have been confirmed by a questionnaire with socio-geographic data filled out by 
the participants of the events.
33 The involvement of civil society is also a key component of the networking activities and the 
information measures with and by the project partners.
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contextualized by experts using the current state of knowledge.34 All the  presentations 
are accessible to the public via the project’s homepage. Secondly, the project-team 
tries to (b) create problem awareness and transformation- relevant awareness with all 
its events.35 Besides the events, the project team also gives weekly lectures at the KU 
on the encyclical and the Great Transformation in every summer semester as part of 
“education for the transformation”.36 This is intensified by excursions and back-
ground talks that help add depth to the topics.37 With all this the KU/VDW team aims 
at (c) shaping and changing attitudes and values towards more sustainability and (d) 
creating a corresponding collective and cross generational responsibility for our 
‘common home’. In the best case goals, values and visions are generated to help guide 
the actions of individuals in a “necessary” sustainable direction. The project also 
meets the related characteristic, self- perception as a catalyst for societal change and 
the aim to activate, convince and carry people along. Some indicators for the impact 
of the project are: high attendance, at every event at least 50 people took part; and 
extensive media coverage in the form of 23 reports about the events of the KU/VDW 
Project as of December 2016.38

All the activities mentioned above show that the KU/VDW team can give 
impulses, create dynamics and support changes towards more sustainability and, in 
other words, actively advance the Great Transformation.

31.4  Final Remarks and Critical Reflection

In this chapter, the question, “Can Laudato Si’ act as a catalyst for transformation?”, 
has been examined in different ways. Without any doubt the attention of the media, 
believers, non-believers, science and great parts of society has been enormous.

34 For example, Dr. Angelika Hilbeck (researcher at the ETH Zürich) started the KU/VDW event 
on “The Encyclical Laudato Si’ and World Nutrition, Peace and Social Justice” with a presentation 
of the current state of knowledge on world nutrition and its unsustainable practices, cycles and 
relations.
35 In particular the event „The Encyclical Laudato Si’ and concrete transformation by Bamboo 
Reforestation on the Philippines“ on 17 Oct. 2016 could contribute to this; at the beginning the 
concept of the “Great Transformation” had been explained by an expert of the IASS; all partici-
pants and especially civil society had actively been involved by fundraising possibilities; an aware-
ness for the importance and power of seemingly insignificant actions of single individuals for 
transformation was created. For more details see http://www.laudato-si-transformation.de/verans-
taltungen/die-welt-retten-transformation-konkret/
36 See for example the lectures for Social Works Master Students on „Social Works and transforma-
tive science in the horizon of the Encyclical Laudato Si’” at the KU in the summer semester 2016.
37 Background dialogues between the keynote speakers of the KU/VDW events and students, 
offered by the project team, can contribute to awareness building. To the same end, two student 
groups were taken on excursion to the “DBU Week of the Environment” at Berlin and took part in 
the KU/VDW panel “The Encyclical Laudato Si’ and Science” at 8 Jun. 2016, see http://www.
laudato-si-transformation.de/veranstaltungen/woche-der-umwelt/
38 Some of the press reports can be reviewed at http://www.laudato-si-transformation.de/presse/
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It has been illustrated that the statements of the Pope have some revolutionary 
character within the Catholic Church, as their highest leader puts the issue of the 
environment into the centre of attention for the first time and treats it in the form of 
an encyclical. At its core is the concept of “integral ecology” which underlines the 
connection of environmental and social issues. This along with the Pope’s moral 
authority invites all people, regardless of their background, to dialogue and coop-
eration in mastering the environmental and social challenges of our time. For this 
reason, the encyclical is of great relevance—within the church and beyond.

Furthermore, the encyclical shows considerable potential to support synergetic 
socio-ecological transformation processes through bridge-building. In addition to 
the individual level, Laudato Si’ has potential to impact transformations at the 
global political and economic level. However, these potential impacts have long- 
term character and can only be revealed in the future. Nevertheless, the Pope gave a 
very strong impulse with this document. It is up to us to realise a transformation 
towards more sustainability. Thus, the central issue is how the messages of Laudato 
Si’ and scientific recommendations can be implemented. There are many scientific 
and practical examples, which offer answers to this question.

One example has been presented in this chapter. It has been shown that, in its 
actions and goals, the KU/VDW Project meets all the characteristics of a driver for 
transformation towards more sustainability in the field of transformative education, 
knowledge communication and values change. Active as a change agent in these 
fields, the KU/VDW Project is suited and able to support and drive the Great 
Transformation. Indeed, projects like the one presented here can contribute to 
awareness building and a global transformation towards more sustainability.

The second main finding involves the specific scientific method that the project 
uses to further discourse, namely contextualisation and re-contextualisation of the 
papal encyclical within the scientific discourse. Using these methods, the KU/VDW 
Project drives the dialogue and constructive cooperation between the religious dis-
course and the scientific discourse on sustainability. This supports the Great 
Transformation towards more sustainability in an innovative manner by opening, 
creating and driving new procedures of dialogue and cooperation.
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