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Preface

 Introduction

The world is facing multiple and intertwined crises; thus, the present days are par-
ticularly challenging to policymakers, managers, academics and citizens in general. 
Human civilization is pushing the boundaries of political, social, economic and 
environmental equilibria, which may lead to unprecedented consequences. A welter 
of events arising from different grounds are forcing the redesign of the established 
economic models, demanding an overall societal re-organization. Energy transi-
tions differ sharply from transitions in technology, industry and other sectors. 
Electricity decarbonization is an ongoing process, notwithstanding the decarboniza-
tion of industrial production, transport and heating is lagging further behind.

A collective effort towards the reduction in the use of fossil fuels, assuming the 
technological transition towards greener sources, will substantially raise economic 
efficiency, along with waste reduction while promoting sustainability and the con-
trol of geopolitical risks. An orchestrated effort in the promotion of innovation, 
quality improvement and sustainability will lead to environmental and climate jus-
tice. Hosting this tripod will enhance the societal transition to the communities, 
building vibrant ecosystems, which will be the seed to productive, dignified and 
ecologically sustainable livelihoods with fair-minded governance and ecological 
resilience.

 Ground Setting

The pandemic crisis has unleashed an unprecedented uncertainty in financial and 
productive markets, causing further disruption in economic growth as well as sus-
tainability. The present volume emerges in a particularly challenging context, 
around which the current macroeconomic scenario demands the re-shaping of the 
productive processes, the value chains and also the consumption habits. On top of 
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this demanding shift re-organization, the clock of climate emergency continues 
ticking, giving firms and governments lesser time to encompass sustainability in all 
actions.

It is essential to tackle the climate crisis, accelerate the deployment of renewable 
energy and transform productive strategies in all economic activities [10]. Also, it 
urges to provide sustainable energy systems everywhere. Moreover, the healthcare 
emergency has collapsed the transcontinental value chains due to their vulnerability 
to critical conditions, evidencing malfunctioning and extreme fragility [14]. In this 
vein, world authorities are concentrating on political “re-shoring”, re- nationalization 
and re-turning production and manufacturing back to the parent company’s native 
country [8, 9], while promoting frugal and smarter ways of production [10, 11].

These crises have irreversibly affected the health sector, energy production and 
distribution and even the political order; as such, skepticism about free markets, 
international cooperation and open borders augmented [4, 13]. The emerging 
dynamics have multilateral implications for the international system of production 
and trade, which need to be carefully addressed. Therefore, the iron arm among 
globalization, deglobalization and re-globalization trends is not likely to be imme-
diately settled and will irreversibly change the course of international affairs in the 
twenty-first century [7, 9].

These adjustments target increasing the reliability of the supplies, price controls 
and local ecosystems to gain endurance in facing future crises at the economic, 
environmental and sustainability dimensions [6]. The entrepreneurial does need to 
navigate and survive crises, disregarding its sector, dimension or capital structure 
[1, 5], minimizing adverse shocks and transforming the difficulties into entrepre-
neurial opportunities [2]. Leveraging agility and flexibility to react to adverse con-
texts will enhance resilience, which will further improve survivability in the local 
context [12, 14].

Producers are no longer allowed to use an excess of raw materials in the produc-
tion of an asset if could be made with fewer inputs and, thus, at a lower cost.

Therefore, supplementary improvements need to be made. The change to a para-
digm in which all agents develop smarter and responsible conducts will allow the 
emergence of a new societal order [3].

Crossing literature streams, at the level of organizational and technological activ-
ities, has been a growing interest towards the promotion of innovation and sustain-
ability, which is indeed quite complex, multifaceted and multidisciplinary. Despite 
the previous efforts, there is plenty of room for adding research contributions in 
order to formalize and explore the fields of manufacturing, smarter solutions, logis-
tics and sustainable use of resources, as such, the present volume aims to shed light 
on these fields.
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 Outline of the Volume

The volume encompasses miscellaneous contributions from the conference tripod: 
innovation, quality and sustainability. All these visions aim at widening the debate 
on the technological and societal changes to be taken in the recent future towards a 
better use of resources, while promoting smarter ecosystems to accommodate 
highly efficient productive processes which must be human-centric.

It starts with the insights of “Cost and Learning Factories”. Then, the energetic 
shift is nailed in “Agile 8D Problem-Solving Framework in a Renewable Energy 
Sector”. Knowledge transfer practicalities are explored through “The Transfer 
Process of Lean Approach Within Multinational Companies’ Network: The Schnell 
S.p.A. Case Study”. Innovation methods in health sectors are appraised in “Lean 
healthcare: A Critical Analysis”. Also, the challenges in logistics are highlighted in 
“Road Freight Transport in Europe: Alternatives for Increasing Capacity”. New 
technological frameworks are presented in “Knowledge Management: An Overview 
of Roadmaps for Additive Manufacturing” as well as “Life Cycle Inventory of 
Additive Manufacturing Processes: A Review”.

In regards to quality management in the tertiary sector, several aspects are raised 
in regards to its determinants “Critical Success Factors of TQM for Sustainability in 
Higher Education Institutions: A theoretical contribution” as well as consumer loy-
alty “Customer Loyalty in Hospitality: Can the Quality Perception Be a Key 
Factor?”.

Considering the digital transition and industry 4.0, the debate is also open in 
“The Role of Enabling Technologies from Industry 4.0 in the Formulation of Public 
Policies for Smart Cities”, but also on the “Impact of TQM and Industry 4.0 on 
Sustainable Performance: An Empirical Study on the Bangladeshi Garment 
Industry” and “Academic Community Perceptions of Open Innovation: An 
Exploratory Study”.

Greener transitions and innovation in the production processes are debated in 
“Green Human Resource Management: The Performance of Women Researchers 
Based on Bibliometric Indicators” and “Innovative Responses to the Covid-19 
Pandemic in Primary Health Care: The Case of the Arte Nova Family Health Unit” 
and still, “Competitive and Business Intelligence: A Bibliometric Analysis”. 
Additionally, new systems and methods were explored in “Integrated Management 
System Role-Play Simulation: Training and Development Tool” and in “Towards a 
Conceptual Framework for Agroforestry Residual Biomass Sustainable Business 
Models”, and also in “Environmental and Economic Sustainability of Electric 
Vehicles vs Combustion Engine Vehicles Fueled with B15 and B30 Blends of 
Biodiesel”, and lastly appraising the consumer perspective “The Influence of 
Consumer Optimism and Pessimism on Purchasing Intention of Eco-friendly 
Clothing by Generation Z: Model Proposal”.

In regards to innovative and sustainable strategies to encompass smarter produc-
tive methods and resource-saving strategies, contributions like “Persistence in 
Innovation: Do Low-Tech Sectors Differ Much from the High-Tech?”, “Towards a 
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More Sustainable Use of the Portuguese Road Network: The A25 and IP5 Case 
Study”, “Improvement of a Porcelain Baseboard Production Line Capacity Using 
Simulation: A Case Study”, “Multifunctional Furniture for Tiny Houses: Design, 
Quality, Innovation and Sustainability in Advanced Materials” and “Angolan 
Cement Industry: Marketing Channel and Distribution Channel Strategies” anal-
ysed in different angles relevant generalist and sectoral solutions.

Once more, the importance of responsible innovations and behaviours along the 
value chain towards a sustainable framework was discussed in “How Can Customer 
Experience Improve Retail Operations Sustainability?”, “Operational Planning of 
Integrated Urban Freight Logistics Combining Passenger and Freight Flows 
Through Mathematical Programming”, “Towards Digital Transformation: A Case 
Study to Identify and Mitigate COVID-19  in the Retail Industry”, “Technician 
Routing and Scheduling Problem: A Case Study” and “Application of Fuzzy 
Methodologies in Navy Systems Maintenance”.

The plethora of heterogeneous approaches with the red thread of promoting 
innovative and sustainable ecosystems will boost the societal transitions taking 
place. As such, their diversity must be addressed as transdisciplinary rapport to the 
construction of a larger venture, society 5.0.

 Research Agenda

The world has no alternative but to keep pushing its boundaries and strengthening 
efforts towards a more just and sustainable economic model. The financial and envi-
ronmental burden of resource depletion along with the negative ecological impacts 
of overproduction are beginning to stall economic growth, jeopardizing social sus-
tainability. All over the world, there is an urgent need to find alternative ways to save 
and manage finite endowments of resources, while meeting the increasing needs of 
a growing and progressively urban world population. The immediate integration of 
sustainable consumption and production patterns in the agendas of all economic 
agents is a path to be walked if we want to give humanity a future. As such, policy-
makers need to design instruments, which lead to more efficient and responsible 
production processes while disciplining consumption habits. These strategies will 
generate increased utility to both producers and consumers with positive externali-
ties to communities and the environment.

At the macroeconomic level, new policies need to provide factual proactive 
intervention promoting quantitative and objective achievements, as well as dead-
lines for each target. Given the fragility of the economic context, monetary injec-
tions from central banks will provide entrepreneurs the liquidity to reinforce their 
endeavours, as well as an expansionary industrial policy promoting sectoral- 
structural transitions and energetic shifts.

The global economy, heavily impacted by the multiple crises, forced the reshap-
ing of the multilateral order in both the productive and commercial domains. The 
downsizing is taking place leading to an uprising of the regional ecosystems, and 
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also the unprecedented changes occurring in the multilateral equilibria made the 
policy design harder and demanding for constant monitoring and shorter time 
frames. Continuous feedback loop is required demanding high flexibility and resil-
ience. However, putting the focus on purely economic terms may lead to civiliza-
tional throwbacks postponing the sustainability path, something that humanity 
cannot afford.

The future demands for a policy-making strategy with a holistic approach and 
enrolling all agents in the communities. Strict collaboration between multiple insti-
tutions, areas and layers in both the private and the public domains is necessary to 
design, develop, implement, monitor and evaluate successful policies which pro-
mote socio-economic and energetic justice. Hence, it is just not a matter of improv-
ing the productive systems, but also changing the mindsets towards societal 
responsibility. Production and consumption choices must become frugal; otherwise, 
there will be nothing to leave to future generations. This human-centred paradigm 
calls for collective action in the promotion of the transition, from governments to 
universities as well as user communities and the civil society. The following chap-
ters highlight several angles in which this future can be addressed.
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Costs and Learning Factories

Alfonso Redondo , Imoleayo Abraham Awodele , and Angel M. Gento 

Abstract Learning factories have been a tool used by companies and universities 
to be training students and employees in a simulated environment. In Valladolid, we 
have developed a learning factory jointly between the University of Valladolid and 
Renault Nissan Consulting for training in lean manufacturing tools (and in the 
future of industry 4.0) by students of the university and Renault employees and sup-
plier. The flagship product used is a toy car made up of nearly 100 components of 
different sizes, manufactured in several workstations divided into independent man-
ufacturing cells. In the first learning phase, we produced a few versions that can be 
increased to more than 1500 if we continue learning up to a fifth phase (only for 
advanced groups). Although costs (labor costs, material costs, warehouse costs, 
manufactured products costs, etc.) are one of the key indicators of the performance 
of a production process in any industry, they are not usually considered directly as 
one of the key indicators of progress in the different learning stages in a learning 
factory. This chapter shows how costs represent a tactical decision variable in our 
Lean School, just as it happens in real life. Costs allow us to represent through a 
single measure the gains obtained by the application of lean tools at different learn-
ing phases that go from traditional production to lean manufacturing. The cost esti-
mation is based on the activity-based costing (ABC) method so that all participants 
in the training identify where the main sources of costs are located and focus on how 
to reduce them.
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1  Introduction

The constant changes taking place in the world today have caused us to move from 
an “industrial” economy to a “knowledge” economy, which makes education, life-
long learning, a necessity and a differential aspect of society [1, 2]. Therefore, 
teachers’ efforts should be focused on developing learning skills to apply knowl-
edge, rather than on teaching content [3].

It is in this field where the collaboration between Renault-Nissan Consulting and 
the University of Valladolid arises in order to apply the principles of lean manage-
ment in a physical environment and close to reality for the development of a learn-
ing factory [4–6], where costs are a fundamental tool for decision-making [7].

This chapter first presents the basic concepts of activity-based costing (ABC) 
and learning factories, then show the learning factory we have at the University of 
Valladolid (Lean School) and how participants in the trainings use ABC to focus 
where to make improvements in the production system.

2  Integration of the Production and Financial Areas 
Through Costs: Activity-Based Costing (ABC)

Multidisciplinary is increasingly necessary for all areas: health, industry, and ser-
vices. It is a culture that must be inculcated from the training centers. By way of 
example, nowadays we do not understand a production system that is not synchro-
nized with logistics/warehouses, finances, resources, etc. The alignment and/or inte-
gration of all functional areas, in a common objective, are one of the key factors for 
the success of the organizations. And the integrated element is the “activity” [8]. 
One of the sub-objectives of this work is precisely to carry out training that inte-
grates cost calculation (financial area) with the improvements that students propose 
and implement in the Lean School (production area).

The first problem is to choose the cost system to be used: (a) traditional cost 
system (full costing, direct costing, standard cost, cost per process, etc.); (b) activity- 
based costing/activity-based management (ABC/ABM): and (c) modern systems 
such as value stream costing (VSC). The answer is not white or black; different 
approaches to management accounting [9] may be appropriate depending on the 
circumstances and the environment [10]. Traditional cost systems “emphasize 
financial management, not operational management or cost management” [11], and 
some authors highlight the easy integration of traditional cost systems with ABC 
[12] and how ABC is best integrated with MRP and JIT systems. Arbulo, Fortuny, 
and Cuatrecasas [13] state that “due to the problems of traditional costing and the 
complexity of ABC, another alternative has been developed, which is called ‘lean 
accounting’ (VSC),” although “VSC can only be implemented after a company has 
achieved the maturity stage of lean manufacturing.” The ABC/ABM system is 
therefore the best-cost model according to its quality/cost ratio [14, 15]. What is an 
ABC/ABM system vs. a traditional cost system is summarized in Fig. 1.
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Fig. 1 (a) Traditional cost model vs. (b) cost ABC/ABM [16]

Traditional cost models are still valid, it is not an obsolete model, but it is out-
dated with the tools that are used where everything is pre-established and boxed 
in. In contrast, ABC/ABM systems are totally dynamic and flexible. For example, 
in a traditional costing system, time is divided according to accounting and/or 
planning cycles, and each function in each phase of the cycle is optimized sepa-
rately and in isolation, which is aggravated by the fact that different control tools 
are used in each phase. However, ABC/ABM systems base their entire operation 
on the management of the activities performed by the organization, together with 
their natural evolution throughout their life cycle, using cause/effect chaining, and 
identifying performance drivers.

Brimson [17] perfectly synthesizes the steps/stages needed to implement an 
ABC costing system (see Fig. 2).

The critical point when designing an ABC/ABM system is step 1 “Analysis of 
activities” and its subsequent integration with its life cycle (step 2) in order to 
achieve a dynamic character [18]. This analysis of activities requires three phases: 
identification (using top-down and bottom-up approaches); collection of informa-
tion (based on material and information flow diagrams, Delphi method, etc.); and its 
structuring by means of processes.

With the information already structured and characterized (name, description, 
location, unit of measurement, capacity, inputs, outputs, control variable, efficiency 
range, etc. the so-called “activity map” is drawn up and its management is carried 
out: identifying the effective activities (e.g., those of the critical path); and estab-
lishing the cause–effect relationships and the cost drivers (Fig. 2b).

3  Learning Factories

The new learning environment derived from the guidelines of the European Higher 
Education Area (EHEA) obliges university teachers to adapt their teaching method-
ologies so that students, in addition to acquiring knowledge, are able to manage 
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Fig. 2 (a) Steps [14] and (b) schema for implantation of an ABC/ABM system

their learning process and develop the skills and abilities necessary for the develop-
ment of their professional future [19]. In view of the ever-changing environment in 
which we are immersed, the performance of training is particularly important in the 
teaching of engineers. The technique, closely related to engineers, is evolving so 
rapidly that we cannot expect today’s teachings to be the same as 10 years ago or as 
we will have in 10 years. As a result, many universities (and companies) around the 
world (though especially European) [20] have developed learning factories where 
students (and workers) “learn by doing” based on the idea initially proposed in 1994 
by Lamancusa, Zayas, Soyster, Morell, and Jorgensen [4].

A unified definition of a learning factory can be found in [21]: “A learning fac-
tory in a narrow sense is a learning environment specified by processes that are 
authentic, include multiple stations, and comprise technical as well as organiza-
tional aspects, a setting that is changeable and resembles a real value chain, a physi-
cal product being manufactured, and a didactic concept that comprises formal, 
informal and nonformal learning, enabled by own actions of the trainees in an on- 
site learning approach. In a broader sense, learning environments meeting the defi-
nition above but with a setting that resembles a virtual instead of a physical value 
chain, or a service product instead of a physical product, or a didactic concept based 
on remote learning instead of on-site learning can also be considered as learning 
factories.”

Most existing learning factories cover one or more business processes in the 
value chain (e.g., planning, sourcing, manufacturing, delivery, and return), and typi-
cally include the planning and design of products (or services) and processes, as 
well as the improvement of existing products (or services) and processes. In litera-
ture, you can find many references to learning factories focused on product develop-
ment, in the application of lean tools and recently, in industry 4.0, or to improve 
energy and resource efficiency [22].

A. Redondo et al.
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4  Lean School

Renault-Nissan Consulting (RNC) (consulting company of the Renault Group) 
has been collaborating with the University of Valladolid for more than 25 years. 
The relationship began because several Renault workers had been students of 
the University of Valladolid and therefore known to the university professors. 
They began collaborating selflessly by giving a practical session based on their 
professional experience. These first informal contacts were increased with 
internships, factory visits for students, and the use of some laboratories for 
testing.

In 2015, this collaboration resulted in the development of a laboratory for teach-
ing lean tools to students at the University of Valladolid following the example of 
other European universities [20]. This has allowed the University of Valladolid to be 
the first Spanish university to have a learning factory for teaching lean tools: Lean 
School (LS) [23]. With this purpose, an old chemistry laboratory has been trans-
formed into a modern space consisting of different workstations, warehouses, 
shelves, transport elements, etc., which allow students to “learn by doing” rather 
than through a master class.

It is important to highlight that this learning factory is used (in a coordinated 
way) for the training of students at the University of Valladolid and for the training 
of Renault employees and suppliers and customers of RNC. Sometimes joint train-
ing session is carried out with students and employees to exchange experiences and 
also participating university professors and RNC consultants, thus ensuring a bal-
ance between theoretical concepts and their applicability in different real situations.

Figure 3 provides a 3D image of the learning factory showing the most important 
areas: machining and stamping (continuous rectangle), assembly (dashed rectan-
gle), and storage (dotted rectangles).

Fig. 3 Initial layout of the Lean School to manufacture educational cars (L34N)

Costs and Learning Factories
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Fig. 4 (a) Minivan; (b) pickup

Our main industrial partner in the Lean School is Renault-Nissan Consulting, so 
it is quite logical that the initial product in the learning factory is a car (Fig. 4). This 
car weighs about 25 kilos and is built by assembling 30 pieces of different sizes and 
about 70 connectors (screws and plastic rivets). Although there are two basic mod-
els (minivan and pickup), it can manufacture more than 1500 different versions 
depending on the options chosen by the client: color (blue or green), headlights 
(halogen or xenon), wheels (normal or off-road), sunroof, seats (fabric or leather), 
and dashboard (air conditioning, radio, navigator, etc.). Depending on the initial 
training and experience of the students or workers who come to the Lean School, we 
start from a basic configuration with two, four, or eight different versions to which 
different options are incorporated according to the objective of the training.

5  Costs in the Lean School

The key performance indicators (KPIs) most commonly used to evaluate the effi-
ciency of any production system are those shown grouped in a scorecard (Fig. 5): 
quality, time, surface area, human resources, and costs. The KPIs used are according 
to the objectives to be achieved in the different learning processes depending on the 
experience and initial training of the participants in the Lean School. On this board, 
participants must reflect the evolution of the most important indicators based on the 
results they obtain in the different productions of the L34N product. In this way, 
they can make decisions and see the results of their actions.

How have we integrated the “lean improvements” proposed by the students with 
the costs of their implementation? Providing them with an Excel application, totally 
parameterized for the initial situation, in which they must introduce the improve-
ments they consider should be applied (taking into account customer requirements 
and the objectives set by the plant manager) (Fig. 6). Zone 2 shows the actual times 
consumed by the activities carried out in the defined processes, and zone 3 shows 
the breakdown of costs (broken down by processes and main components), as well 
as the % under-utilization of resources, both for the target situation (zone 1, not 
shown in the figure) and the actual situation.

Therefore, training participants can see the progression in the different key indi-
cators (Fig. 5) from the data they update in the spreadsheet (Fig. 6).

A. Redondo et al.
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Fig. 5 Scorecard with the most important KPIs for a typical learning process

Fig. 6 Spreadsheet used for activity-based costing
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6  Conclusions

Lifelong learning is a necessity in the society in which we live where changes in 
both technology and customer needs are happening faster and faster. In this respect, 
universities and businesses must learn to work more closely together to facilitate 
this learning and recycling of knowledge so that scarce resources are better used. 
The collaboration between the University of Valladolid and Renault is a good exam-
ple of this collaboration, starting with the delivery of conferences and courses, 
through student internships and up to the shared use of laboratories (Lean School).

On the other hand, and taking into account the training carried out in the Lean 
School, we have detected how costs become a fundamental tool for decision- 
making, both from a strategic and operational point of view, where costs based on 
activities make it easier for us to see the plant as a whole, identifying the drivers 
with the greatest impact. The most important limitation we encounter is the quanti-
fication of costs and the imputation of some of the activities carried out in the 
Lean School.

The main problem of ABC is the initial configuration of our system because if 
we want to have a high control of our costs it is necessary to feed it with a large 
amount of details and its subsequent updating. Nowadays, this data feed can be 
done automatically in many cases, so the biggest handicap is the initial system con-
figuration stage. However, the result is worth the effort.

Acknowledgments Special thanks to Renault-Nissan Consulting for its commitment to the 
University of Valladolid that facilitates the training of students in the first learning factory in Spain.
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Agile 8D Problem-Solving Framework 
in a Renewable Energy Sector

Cláudia Sousa Silva  and Ana Luísa Pereira

Abstract Quality management (QM) has evolved due to the current market needs, 
where innovation and flexibility are essential. In this sense, there is a tendency to 
combine and integrate different methodologies with QM, namely, the integration of 
agile approaches given their synergies. This work is supported by the proposition 
that QM can benefit from agile methods, improving the organization management 
facing current challenges. Supported by an action research strategy, it describes a 
case study in a renewable energy organization aiming to understand how agile prac-
tices can be adapted to QM, specifically in problem-solving methods. This research 
also presents theoretical contributions as it provides a framework named “Agile 8D 
problem-solving,” resulting from integrating the Scrum framework with the 8D 
methodology. However, it also has practical implications for organizations and QM 
professionals once it hands over a framework composed of guidelines for imple-
menting more collaborative and efficient problem-solving methods.

Keywords Quality management · Agile · Problem-solving 8D · Renewable energy

1  Introduction

Given the technological and turbulent current context, it is essential to explore the 
development of quality management (QM) from this perspective [1]. The dynamic 
expectations of customers, global competition, and the growing complexity of 
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products are the main reasons for integrating QM into operational activities, as well 
as into organizations’ strategies, objectives, and policies [2]. For such, it is neces-
sary to rethink QM, namely, through the development of flexible and adaptive 
QM models.

Since the beginning of the twentieth century, the QM area has been widely dis-
seminated and implemented in organizations. However, the companies’ processes 
to plan, define, obtain, control, continuously improve, and demonstrate quality have 
undergone a remarkable evolution over the last few years. There has been a ten-
dency to combine methodologies with various QM tools [3]. Also, the interest in 
agile methods has increased due to market dynamics, hence organizations need to 
respond quickly to changing customer needs while producing high-quality products 
at an ever-increasing pace. In the same line, Krehbiel and Miller [4] argue that a QM 
System (QMS) can benefit from the integration of the agile approach given the syn-
ergies of both, namely, a focus on a clear purpose, bet on short inspection and evalu-
ation cycles, focused on processes, not just the final product, and focus on the 
customer.

Thus, this work, supported by a collaborative action research strategy, presents a 
singular case study in the renewable energy sector. The main objective of this 
research is to develop QM methods suited to market dynamics, therefore more 
adaptive and agile. Furthermore, the authors defend that this path should be modular 
and evolutionary by combining agile knowledge (principles, values, or frameworks) 
with specific QM tools. So, the main research question is:

• How to adapt agile practices (principles and values, methodologies, frameworks) 
to QM tools, specifically problem-solving processes?

To this end, the literature review portrays the state of the art regarding problem- 
solving methodologies, as well as the theoretical foundations of agile management. 
Therefore, this section ends with a discussion of the integration of agile into 
QM. Subsequently, the methodological procedures for developing a case study are 
described, and, finally, a synthesis of the main contributions, limitations, and future 
contributions.

2  Literature Review

As a vital part of QM, continual improvement should be the primary goal of any 
organization, forcing it to continually seek the effective resolution of problems [5]. 
However, problem-solving usually requires effective teamwork, ensuring that all 
elements are focused on the same goal. Thus, one of the most valued skills in an 
organization is teamwork.

Agile is an iterative approach that helps teams deliver value to their customers 
where the results are evaluated continuously so that teams have a natural mecha-
nism for responding to change quickly. One of the main benefits of agile method-
ologies is directly related to the teams and the excellent interaction between them, 
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such as improved communication and increased collaboration, expanding the team’s 
motivation to achieve the proposed goals.

Thus, the symbiosis between QM and agile has been explored, and its deepening 
is encouraged. Aligned with this, the literature review presented here introduces the 
importance of effectively solving problems, the fundamental principles of agile 
management, and the interconnection of both areas.

2.1  Problem-Solving Methods: Tools

When noncompliance occurs, including external complaints, the organization must 
react to control, correct effectively, and deal with its consequences. It must also 
assess the actions to eliminate the causes to avoid its repetition. Therefore, it is 
essential to review and analyze the noncompliance; determine the problem causes; 
check if there are similar noncompliances; or if they could occur. According to the 
ISO 9001:2015, the problem-solving process encompasses the definition of actions, 
reviewing the effectiveness of corrective actions, updating the risks and opportuni-
ties, and updating QMS [6].

Although there are several problem-solving techniques, Manaica [7] presents a 
comparative study between some of them (MASP, DMAIC, FTA, RCA, 8D), prov-
ing that all are supported by the PDCA cycle (Deming in 1986). This methodology 
is structured in four cyclical steps, leading to the continuous improvement that 
should be part of the organizational culture:

• Plan – study the current situation and plan improvement actions.
• Do – after planning, transfer the actions to practice achieving the objectives.
• Check  – control the effects of the actions, it was expected, or there were 

deviations.
• Act – standardize in case the results are the expected ones, otherwise, new actions 

are formulated.

Some authors reveal that the main cause of the limited use of these methodolo-
gies is the lack of teams’ availability and training [8]. The 8D tool is considered one 
of the most used problem-solving methodologies in the industry, whose objective is 
to reach the root cause of the problem and eliminate it at its source [9].

2.1.1  8D Framework

The 8D methodology was initially developed by the Ford Motor Company, combin-
ing various elements of other problem-solving techniques to shape the eight disci-
plines described in the Ford “Team-Oriented Problem Solving” manual [11]. It is 
structured into eight disciplines and emphasizes the synergy within a team. 
Considering Pradeep, Kumar, Karthik, Suraj, and Kishore [10], 8D is applied within 
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an organization whenever serious nonconformities or recurring problems are 
detected to identify the root cause of the problem.

The eight steps or disciplines that must be followed sequentially without exceed-
ing or ignoring any of them are: D1 – multidisciplinary team training >> D2 – prob-
lem description >> D3  – containment actions >> D4  – root-cause analysis >> 
D5 – corrective actions >> D6 – implementation and validation of corrective actions 
>> D7 – preventive actions >> D8 – conclusion, evaluation, and congratulation of 
the team.

Organizations currently implement this problem-solving methodology to gain a 
competitive advantage since 8D is responsible for quickly identifying the root cause 
and implementing corrective actions, preventing the reoccurrence of problems, 
ensuring customer satisfaction, and learning through the lessons learned [12]. Thus, 
whenever this tool is applied correctly, benefits are expected, such as

• Improved team problem-solving skills,
• Greater familiarity with a problem-solving framework
• Creation of a database with past failures
• Lessons learned to avoid problems in the future
• Better understanding of how to use basic tools to solve problems
• Improved effectiveness and efficiency in problem-solving
• A practical understanding of root-cause analysis
• Improved skills to implement corrective actions
• Open communication in the discussion of problem-solving, increasing efficiency
• Improved understanding of effective problem-solving

However, Rambaud [13] defends that methodology can be time-consuming and 
challenging to develop and the team involved must receive appropriate training to 
have a good performance. Still, some organizations do not promote the involvement 
of 8D teams, which does not motivate them to find the root cause of the problems. 
Therefore, making 8D an efficient process that favors constant communication 
becomes necessary. Thus, intellectual capital is a key factor in achieving the tool’s 
basic objectives.

Chlpeková et al., [9] refer to a study in Slovakia, showing that most respondents 
say the tool is inefficient. This perception may come from the tool being mainly 
used for customer complaints and not continuous production process improvement. 
Also, according to this study, three main 8D weaknesses were identified: insuffi-
cient and superficial research and intuitive conclusions that are not based on facts; 
the application of the methodology to random errors in a nonsystematic way; and 
finally, the omission of the motivation factor. These weaknesses come from the lack 
of time to pay attention to this tool, and sometimes the pilot is not the best person 
for this task. In addition, lack of motivation, knowledge, good team relationship, 
and support from the management are the other problems for the correct implemen-
tation of the 8D methodology.
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2.2  Agile Management and Scrum

Nowadays, agile methods are adopted widely to face business dynamics challenges 
as agile responses tend to provide deliverables with good quality at a faster rate [14]. 
The Agile Manifesto was created by 17 professionals in 2001 (https://agilemani-
festo.org/principles.html), being a declaration of essential values and principles, 
summarized as follows:

• Persons and interaction between them more than processes and tools
• Develop prototypes at the expense of excessive documentation
• Collaboration with the client more than contract negotiation
• Responding to change rather than following a plan

The concept has expanded to product development projects and team manage-
ment, being implemented in several areas [15].

Within the agile management approaches, Scrum and Kanban stand out. Scrum 
is not a methodology, much less a technique, but rather a framework focused on 
solving complex and adaptive problems while productively and creatively deliver-
ing products with the most significant value added by integrating the customer into 
the process. Agile bets flexibility, both in terms of deadlines and results; it is intui-
tively formed by small groups and requires frequent collaboration and review. Its 
knowledge base is empiricism, everything can be acquired through experience. The 
main benefits are directly related to the teams and the good interaction between 
them, such as improved communication, increased collaboration between those 
involved in the projects, increased team motivation and productivity, and decreased 
project duration [16].

As in Rugby sport, Scrum is characterized by the team’s union in acting together, 
where each member plays a specific role, and everyone helps each other toward a 
common goal. Thus, the Scrum team comprises the Product Owner, Development 
Team, and Scrum Master. Each of them has its specific and indispensable role.

The Product Owner is responsible for describing and reporting all requirements 
and changes, having all the information about the product development. The other 
elements must respect his decisions. The Scrum Master is the person that plays the 
leading role in the group and follows all the steps until the final delivery of the prod-
uct. He must ensure that the entire team respects and follows the values and prac-
tices established in Scrum. Finally, the Development Team is responsible for 
analyzing, building, developing, and testing the product. This team manages their 
work autonomously. For this, the tasks are planned in short sprints with deadlines 
and results to meet.

Every day, during the duration of the Sprint, there is a 15-minute meeting called 
the Daily Scrum, where the Scrum Master asks three essential questions to the 
Development Team: “What did you do yesterday to help achieve the goals?” “What 
are you going to do today to help achieve your goals?” and “What is the obstacle not 
achieving the goals?” These meetings improve communication, eliminate other 
meetings, identify impediments to development, highlight and promote rapid 
decision- making, and improve the Development Team’s level of knowledge. It takes 
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place next to a board where teams also use visual task- tracking tool. Each task is 
assigned an estimated effort that must be reduced over the weeks, whose main 
objective is to reach the goals in the shortest time possible. When the Sprint ends, a 
review is carried out to see if it is necessary to make any changes or adjustments, 
and the process is repeated [16, 17].

2.3  Agile Management and Quality Management

Agile approaches are already beginning to be used in QM, integrating the activities 
into collaborative and self-organized teams. In this way, promote personal contact 
between members (face-to-face), and a culture of adaptability and transparency. The 
planning of activities is supported by the “Timeboxed” concept determined by the 
team, where the results (deliverables) are perfectly defined. This symbiosis between 
QM and agile approaches can be further reinforced by the active participation of 
stakeholders and the more frequent assessment of customer satisfaction, and finally, 
promoting a regular review of the results achieved [18]. The most used domain area 
in agile is adaptive planning, continuous improvement, and value-driven deliv-
ery [19].

Krehbiel and Miller [4] argue that there is considerable alignment between 14 
Deming’s points and agile management, namely, “constancy of purpose,” “cease 
dependence on mass inspection,” and “dive out fear.” Agile practices promote short 
iterations and frequent customer feedback reducing final mass inspection. At the 
same time, responding to change over following a plan and using empirical methods 
can help mitigate fear. The same authors point out that an effective QMS should 
include multiple tools and mindsets, incorporating the agile approach if organiza-
tions are prepared. Thus, developing an emerging QM approach more suited to the 
current dynamic context and focused on a preventive perspective and continuous 
improvement [18].

However, most QMS are developed and certified according to normative refer-
ences, most commonly by ISO 9001. Although, at first analysis, it is supposed that 
ISO and agile approaches are not compatible, there is still the idea that ISO can 
make processes more bureaucratic and “heavy.” Contrary to this perception, some 
authors state that ISO 9001 is not only compatible with agile, but it also promotes 
the necessary structure to help agile processes be implemented and followed [18].

3  Methodology

An intrinsic case study adopted the action research strategy since one of the 
researchers participated in problem-solving [20]. A mixed research approach (quali-
tative and quantitative) supports this research by developing a single case study. As 
a research methodology, case studies allow research development while preserving 
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the events of the organizational context, namely, structure, culture, processes, 
among others [21].

A case study was developed with the main objective of contributing to the inte-
gration of agile in QM, more specifically, integrating the Scrum framework into the 
problem-solving methodology, handling a new framework that can lead the organi-
zation to develop an agile problem-solving model.

Thus, the planning of this case study followed five steps:

 1. Company selection criteria
 This case study was developed in a company that belongs to the renewable 

energy sector, with its QMS certified by ISO 9001:2015. This is an international 
company with about 1000 employers, being wind turbines, its main product 
is developed by the following process: initial design, construction, assembly, and 
maintenance. The convenience criterion was also followed since one of the 
researchers was already integrated into the organization. The internal researcher 
started an internship for five months to improve the implementation of the 8D 
methodology in the company.

 2. Initial diagnosis – the problem
 Since the manufacturing process is still very manual, there is high variability in 

the production process, leading to more errors and defects. Sometimes, the 
objectivity of the control becomes difficult because attributes like OK and NOK 
classify most defects. All defects incur high nonquality costs as the unit cost of 
each product is also very high. The 8D tool was already implemented in this 
organization whenever unpredictable defects occurred. The responsibility for 
opening an 8D report lies with supervisors, section leaders process, mainte-
nance, or quality engineers, depending on the type of deviation. However, it is 
not always effective and neither is well done leading.

 3. Procedures for data collection
 To understand the main causes of the problems with 8D methodology in this 

organization, we collected amount information, such as:

Database of 8D reports opened during 2018
Survey of employees who work with the tool, with responses obtained a week 
and disclosed in the 8D tool training session
Direct observation in six 8D meetings

 The survey was sent to 65 employees; however, only 32 answered, with 16 super-
visors, 7 engineering workers, 5 from the quality department, 1 from the produc-
tion director, 1 from health and safety, 1 from human resources, and two from 
logistics. The majority (about 20) have at least a degree, seven have completed 
secondary education, and the remaining have technical courses.

 4. Data analysis
 Section 4 describes the main problems identified in the 8D methodology in this 

organization.
 5. Discussion
 Section 5 presents a proposal of an agile problem-solving framework.
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4  Results

A quantitative analysis was carried out through descriptive statistics using Excel® 
and a qualitative approach by the content analysis of the 8D reports.

4.1  Database of 8D Reports (Year 2018)

At the first level, the main problem of the 8D implementation by the number of 
errors identified was checked. Thus, the main deviations are summarized in the 
Pareto chart represented (Fig. 1), the incorrectly filled 5 Why’s tools; the no reopen-
ing report when problems reoccur; and the poor plan for corrective actions. These 
three problems account for 80% of the total issues that avoid a more effective use of 
the 8D methodology.

4.2  Direct Observations

On the other hand, more conclusions can be drawn by participating in the six 8D 
meetings. The little importance of the tool was perceived through the participants’ 
behavior, such as not arriving at the meeting on time, inhibiting some opinions and 
suggestions, trying to carry out the 8D meeting in the minimum time possible, and 
constant interruptions due to external factors deviating from the 8D focus.

Fig. 1 Main 8D problems (reports analysis)
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Due to the lack of some elements, poor knowledge, and ineffective leadership, it 
was impossible to find the root cause of the problem. Also, some discomfort appears 
when the cause was related to their work area, increasing the discussions, and devi-
ating from the main 8D objective. Most of the meetings are not held at the place 
defined. In summary, the main problem that emerges is the reduced ability to solve 
problems as a team.

4.3  Employees’ Survey

All participants claimed to know the 8D tool; however, only 15 had training (47%). 
Even so, 90% affirmed knowing the Ishikawa diagram and 5 Why’s tools. 
Nevertheless, 22% of respondents said they do not know how to reach the root cause 
of the problem. Seven do not know when to open an 8D, 44% were unknown about 
the entire procedure. The main steps less dominated are closing and validation. 
About 13 left some stages unfilled, and the justification given was the lack of knowl-
edge of the entire tool, not knowing how to complete it, and the difficulty in closing 
all the actions.

In short, concerning Pareto’s results survey, 80% of the main problems with 8D 
methodology are identifying how many 8D are open and reopened; lack of 8D train-
ing; and lack of knowledge procedure and difficulties in reaching the root cause of 
the problem (Fig. 2).

Considering only the employees who have already opened 8Ds, the main prob-
lems are completing all stages, eliminating the difficulties felt during their comple-
tion, internalizing the congratulation after closing, helping to reach the root cause of 

Fig. 2 Main 8D problems (reports analysis)
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the problem, implementing corrective actions within the defined time, providing 
training, and knowing the entire procedure of the tool.

5  Discussion

The Pareto charts resulting from the survey and the report’s content analysis enhance 
the importance of acting by the 8D teams to facilitate the interaction between ele-
ments and increase their involvement. One of the main problems faced through 
direct observation of 8D meetings was the relationship between departments to 
solve problems. Asset in  the literature review and good team relationship was a 
problem identified for the correct implementation of the 8D methodology [9]. These 
issues could impact most of 8D’s problems, such as not being completed, not being 
well filled, difficulties in follow-up, and consequently not being closed or validated. 
This research proposes combining some agile elements with problem-solving meth-
ods to overcome this difficulty.

As identified in the literature review, a good relationship team can be encouraged 
to solve quality problems through agile methodologies. The team must be organized 
and follow the agile principles, such as prioritizing customer satisfaction, being 
open to changes and accepting them, adopting continuous feedback systems, and 
privileging multidisciplinary teams to solve problems [18]. This philosophy helps 
the team increase autonomy and avoid bureaucracies to solve a problem, suggesting 
brief informal meetings based on feedback. On the other hand, rushing and exhaust-
ing teams do not increase agility and often lead to demotivation, impacting the qual-
ity of work. The self-organized teams let the elements decide how to distribute the 
work to avoid conflicts between them. This approach will enhance autonomy and 
responsibility, promoting motivation, and, consequently, better results at work.

Different methods stand out within this agile methodology, such as Lean, Kaizen, 
and Scrum, among others. The Scrum framework inspires our suggestion to restruc-
ture the problem-solving team. Thus, the proposed Agile 8D problem-solving 
framework consists of the following steps as illustrated in Fig. 3

Fig. 3 Agile 8D problem-solving
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5.1  Step 1: Agile Problem Resolution Team (APRT)

Different roles should be assigned to the elements involved in problem-solving, 
as such:

• “Problem Owner” – 8D pilots have a role like the “Scrum Product owner.” They 
must be the most interested in the 8D resolution and committed to solving the 
problem as soon as possible and effectively.

• “Problem Master” – He/she is a facilitator element in parallel to “Scrum Master,” 
that is, the person who helps to understand the principles, values, and practices 
to perform each action planned.

• “Team Problem Resolution” (TPR) – All elements responsible for the actions to 
solve the problem, so it must be an “Agile” team: self-organized, collaborative, 
and multidisciplinary.

5.2  Step 2: Problem Resolution Backlog

The APRT, supported by the disciplines defined in 8D, must define the added value 
actions (containment, correction) to solve the current problem and prevent its recur-
rences effectively:

• Actions that do not significantly impact should be eliminated, thus avoiding 
waste in actions that are not focused on the main problem. Subsequently, the 
team should prioritize the 8D actions based on their contribution to solving the 
problem.

• The “Problem Resolution Backlog” is built with only the value-added actions, 
sorted by priority.

• The problem-solving team should estimate the effort needed to implement the 
actions, considering this priority.

• The “Problem Resolution Backlog” should be a dynamic document, which must 
be updated considering the results feedback.

5.3  Step 3: Problem Resolution Sprint

Considering the team structure and the complexity of the problems, the organization 
should define a timebox for the duration of its sprints to solve the problems, recom-
mending between 1 and 4 weeks. In each sprint, the team estimates and plans the 
actions to be implemented and completed, being committed to this plan.
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5.4  Step 4: Control and Monitoring

A meeting should be held weekly related to the open 8Ds, with the main objective 
of monitoring the 8D report and evaluating its results. This meeting would start with 
the open 8D listed in “Problem Backlog.” Then, a visual Kanban Board could be 
used, in which the first column is reserved for actions that are not yet performed or 
whose implementation has not been efficient to eliminate the problem, followed by 
the actions “to do” and then the progress actions. This board visually monitors 
activities that have already been carried out, later verified by the 8D pilot.

This practice is important to commit the team to 8D goals and identify impedi-
ments that should be solved as soon as possible to proceed with the action.

5.5  Step 5: Problem Resolution Review and Retrospective

This last step focuses on steps D7 – preventive actions and D8 – conclusion, evalu-
ation, and congratulation of the team’s 8D methodology. The main objective is to 
reflect on the implemented actions’ results and the lessons learned about the 
problem- solving process to enhance teamwork.

6  Conclusions

Teamwork is appointed as a strategy to promote new work visions to achieve a com-
mon goal, prioritizing communication. For that reason, agile teamwork is essential 
in QM, namely, in multidisciplinary teams to solve problems. Thus, this research 
presents a framework that combines some Scrum elements with the 8D problem- 
solving methodology, described as the “Agile 8D problem-solving framework.”

Furthermore, this framework intends to eliminate the main obstacles in the 
problem- solving process, namely, relationships between people, incomplete 8D 
reports, and difficulties in follow-up, and closing, or validating the results. The pro-
posed model provides a methodology focused on the priority problems, on the 
involvement of employees, attributing different roles necessary for the systematiza-
tion of the 8D methodology. In this way, it is expected to enhance the importance of 
problem-solving and 8D methodology in the company’s culture.

The main limitation of this work is related to a single case study, suggesting that 
future studies can replicate the concept in other organizations and then assess the 
improvements with this new framework.

The authors propose that the adaptation of agile to QM should follow a modular 
and evolutionary integration strategy through the combination of agile knowledge 
(principles, values, or frameworks) with specific QM tools, building this path step 
by step. Thus, it is planned to extend this integration to other QM tools and method-
ologies as a future research line.
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The Transfer Process of Lean Approach 
Within Multinational Companies’ 
Network: The Schnell S.p.A. Case Study

Giada Pierli , Federica Murmura , and Laura Bravi 

Abstract In a highly dynamic and competitive market environment, a crucial fac-
tor for companies is the ability to pursue objectives strongly oriented to continuous 
improvement, especially in terms of flexibility, quality, and efficiency of business 
processes. This aspect becomes particularly important in the current scenario, where 
competition for high levels of quality and innovation and cost containment no lon-
ger takes place locally, but globally. In this sense, the adoption of Lean Thinking 
could significantly support businesses, extending the concept of continuous 
improvement beyond the boundaries of their corporate system and encouraging 
integration between different value chains. From this perspective, the chapter aims 
to investigate how Lean initiatives are inserted and disseminated in an international 
context, supporting businesses in their value creation process. To this end, a single 
case study research based on the empirical method of the semi-structured interview 
has been developed. In particular, the study focuses on the analysis of the Schnell 
company, which has been successfully implementing Lean Manufacturing and Six 
Sigma practices for years. The project has thus enabled the Schnell Group to achieve 
important results, further increasing its efficiency and capacity to respond to market 
needs. Limited to the involvement of the subsidiary, the main results achieved are 
the opening of forms of dialogue and collaboration, the increase in the efficiency of 
its processes, a greater sense of belonging to the group and the acquisition of new 
skills, in addition to the full achievement of the operational objectives set by 
headquarter.

Keywords Lean Manufacturing · Six Sigma · Improvement project · Lean 
production

G. Pierli · F. Murmura (*) · L. Bravi 
Department of Economics, Society, Politics, Carlo Bo University of Urbino, Urbino, Italy
e-mail: federica.murmura@uniurb.it

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
J. C. de Oliveira Matias et al. (eds.), Quality Innovation and Sustainability, 
Springer Proceedings in Business and Economics, 
https://doi.org/10.1007/978-3-031-12914-8_3

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-12914-8_3&domain=pdf
https://orcid.org/0000-0001-8656-9772
https://orcid.org/0000-0001-8443-8680
https://orcid.org/0000-0002-1733-7043
mailto:federica.murmura@uniurb.it
https://doi.org/10.1007/978-3-031-12914-8_3


26

1  Introduction

Since the 1990s, the expression of Lean Production has started to extend worldwide 
as a new management paradigm oriented to increase operational performance and 
value created for customers through waste elimination and continuous improvement 
of business processes [1–3]. Over the years, the Lean concept has deeply evolved 
and applied in numerous companies in different sectors, from manufacturing to ser-
vices [4, 5]. Although the implementation of Lean practices begins within the com-
pany with a focus on the efficiency of its production processes, Lean principles and 
techniques could be successfully extended not only to all different activities and 
departments of an organization, but also to external partners [6]. According to 
Netland and Powell [7], firms that exclusively exploit Lean approach internally are 
missing out on external opportunities.

This aspect becomes particularly important in the current scenario, where com-
petition for high levels of quality and innovation and cost containment no longer 
takes place locally, but globally. In this sense, the adoption of Lean Thinking could 
significantly support businesses, extending the concept of continuous improvement 
beyond the boundaries of their corporate system. In addition, lean transfer process 
has become an important strategic issue as it can considerably improve efficiency at 
the network level.

Nevertheless, as stated in the literature by Demeter and Losonci [19] the lean 
transfer process is particularly difficult in the relationships between the companies 
of a same network and the knowledge in this field is limited. Therefore, the chapter 
aims to investigate how lean approach is transferred within the multinational com-
panies’ network by developing a single case study research based on the empirical 
method of a semi-structured interview. In particular, the study focuses on the analy-
sis of the Italian multinational company Schnell S.p.A., operating in the manufac-
turing sector, which has been successfully implementing Lean Manufacturing and 
Six Sigma practices for years. The chapter is structured as follows: Sect. 2 develops 
the theoretical background, Sect. 3 describes the research methodology used, Sect. 
4 illustrates and discusses the case study, and Sect. 5 presents the main conclusions 
and limitations.

2  Literature Review

The expression lean production identifies a production system that aims to reduce 
waste and variability in processes, adding more value to customers and improving 
operational performance [8]. Historically, the term lean production was first coined 
by John Krafcik in 1988 in the article Triumph of the Lean Production System, but 
it is the three authors James P. Womack, Daniel T. Jones, and Daniel Roos [9] in the 
book The Machine That Changed the World who deepened and analyzed in detail 
the topic, making it known worldwide the productive and organizational revolution 
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started at the beginning of the 1950s by Toyota Motor Company, a Japanese com-
pany operating in the automotive sector. This revolution started with the Toyota 
Production System (TPS), that is, the production system created by the engineer 
Taiichi Ohno (1912–1990), who undertook a continuous fight against waste at all 
levels to bring out clearly the problems to be solved, always focusing on the total 
satisfaction of the end customer. From this perspective, it is possible to state that the 
intention of lean implementation is to identify and eliminate activities that do not 
bring value [10–12] to the final product or customers. Specifically, lean production 
or lean manufacturing identifies seven different kinds of waste (in Japanese, muda), 
such as “overproduction, waiting, transport, defects, inappropriate processing, 
unnecessary inventory and unnecessary motion” [11]. Recently, an eighth muda has 
been identified, namely, the waste of staff capabilities [13]. In addition to muda, 
which are the physical waste and therefore the most visible, there are also two other 
types of waste, muri and mura. The first are waste due to irregularities in workloads, 
while the mura are waste of overload or excess [14].

Over time, this approach has become so effective that the Lean concept does not 
only concern business operations and production systems, but it becomes a Lean 
Thinking able to involve the entire company and guide it toward continuous 
improvement. Womack and Jones [15] defined five key principles of Lean Thinking: 
identify value, map the value stream, create flow, establish pull, and seek perfection.

It is therefore evident that lean approach, strongly directed to a constant search 
for perfection, allows companies to reach the highest quality of their products or 
services and increases their operational efficiency, consequently maximizing cus-
tomer satisfaction and business performance. Over the years, the lean concept has 
deeply evolved and applied in numerous companies in different sectors from manu-
facturing to services [4, 5], demonstrating to significantly improve their competi-
tiveness [5]. Many scholars have focused their attention on the application of lean 
practices and operational performance, confirming the existence of a positive cor-
relation [16–18].

Although it is widely recognized that Lean practices are primarily aimed at elim-
inating waste and inefficiencies in internal production processes, Lean principles 
and techniques could be successfully extended not only to all different activities and 
departments of an organization, but also to external partners [6]. According to 
Netland and Powell [7], firms that exclusively exploit Lean approach internally are 
missing out on external opportunities. In this sense, coordinating and managing the 
transfer of lean approach in the company’s network becomes an important strategic 
issue, especially within the scope of multinational companies, which allows to sig-
nificantly improve efficiency and value at the network level [19]. In particular, 
transferring lean-related knowledge represents a challenging and crucial process 
that involves a complex and interrelated system of practices spread across multiple 
dimensions within the corporate organization [20, 21]. Studies that describe mecha-
nisms to transfer knowledge in multinational companies can be classified into two 
different categories. The first concerns the external sources (buyers or suppliers) of 
lean knowledge [22–25] and the second considers the lean knowledge transfer 
within internal networks [20, 26–28]. In this chapter, the focus is on the latter.

The Transfer Process of Lean Approach Within Multinational Companies’ Network…
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In recent decades, there are an increasing number of companies experiencing 
international growth through establishing production subsidiaries in different coun-
tries. Driven by the success achieved by headquarters, several multinational compa-
nies have started to transfer lean knowledge to foreign subsidiaries [29]. Some 
examples are Toyota, Mercedes, Caterpillar, Bosch, Siemens, and Volvo [30].

However, managers must cope with geographically dispersed and heterogeneous 
units that further complicate the lean transfer process [31], as well as other impor-
tant elements must be considered. It is widely acknowledged that many contextual 
factors can influence the implementation of the lean approach within the network, 
such as technological and geographic distance, information technology, and cultural 
values [32–34]. Therefore, it is important to properly consider and manage the dif-
ferent possible critical factors as a conflict between contextual conditions and 
knowledge transferred could generate a resistance to change [35, 36] and prevent 
the sharing of lean practices.

In addition, lean production is characterized by explicit and tacit knowledge and 
both transfers are a crucial element in the lean context [26]. Scholars agree that 
technical and analytical practices are more codifiable and easy to transfer, using 
manual, training material, or shared database. On the other side, concepts and prac-
tices regarding people and relationships are difficult to codify and share. Several 
studies highlight the importance of using social mechanisms, such as interactions 
among lean experts, rotation of personnel and knowledge brokers, to effectively 
share and improve tacit knowledge in lean transfer [26, 37].

Another major factor is represented by organizational context that supports lean 
knowledge transfer in multinational corporations and roles of different hubs in the 
transfer process. According to Demeter and Losonci [19], global and local teams 
play an essential role in successful transfer. In particular, global offices are involved 
in coordinating and organizing lean transfer process, while the local office is pri-
marily responsible for exploiting lean knowledge at the plant level [19]. Furthermore, 
it is necessary to consider the strategic role of internal stakeholders. For instance, 
Netland and Ferdows [38] underlined corporate-level improvement offices’ person-
nel as the key players in the development and transfer of lean knowledge and 
program- related information to and from plants. Similarly, Inkpen [27] highlights 
the chief executive officer’s role in his study about the knowledge transfer between 
General Motors plants and NUMMI, a joint venture of General Motors and Toyota.

Businesses are therefore faced with a huge challenge, which requires the devel-
opment of specific skills and the definition of policies and strategies oriented to an 
integrated, coordinated, and efficient management of the complex lean transfer pro-
cess. From this perspective, this chapter aims to investigate how lean approach is 
transferred within multinational networks, with a particular focus on headquarter 
and its foreign subsidiary.
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3  Research Methodology

The research has been developed with a qualitative approach. In order to investigate 
the mechanisms that characterize the transfer of the lean approach in a multinational 
company, a qualitative single case study research based on the empirical method of 
the semi-structured interview has been developed [39]. The analysis focused on 
Schnell S.p.A. as it is a leading company within the Italian industrial context in 
implementing successful Lean Manufacturing and Six Sigma techniques, becoming 
an important model of best practices for companies in the sector. The interviews 
were conducted periodically, following the main development phases of the project, 
that is, the sharing phase, the implementing and maintaining ones, with in addition 
a final interview to draw the conclusions of the project. These were addressed to the 
Head of Group Purchasing since he was the figure responsible for the development 
of the entire project. The Lean Six Sigma Project started on May 1, 2020, and ended 
on November 30, 2020. Table 1 shows the dates, duration, and topics covered during 
the interviews with the Head of Group Purchasing.

Subsequently, the interviews were triangulated with secondary data [40], such as 
company reports and website, which were used respectively for the analysis and 
presentation of the quantitative data of the Schnell S.p.A. project and for the descrip-
tion of the company profile. Given the complexity of the subject under investigation, 
a single case study allows developing an in-depth understanding of the phenome-
non, together with the context conditions in which it occurs.

Table 1 Schnell S.p.A. interview

Date
Duration 
(h) Topic

May 31, 
2020

1 Description of the sharing phase of the project with the subsidiary 
(objectives set, critical issues to be resolved, lean techniques used in 
the development of the project)

July 22, 2020 2 Description of the implementation phase of the project with the 
subsidiary (state of advancement of set objectives, indicators for 
analysis, monitoring activities implemented, problems detected)

September 
24, 2020

1 Description of the maintaining phase of the project with the 
subsidiary (verification of achievement of set objectives, closure of 
ongoing issues, implementation of continuous improvement)

December 
15, 2020

1.5 Final analysis of the project with evaluation of the benefits obtained 
and the difficulties encountered

The Transfer Process of Lean Approach Within Multinational Companies’ Network…



30

4  Case Study

4.1  Company Profile

Schnell S.p.A. is an Italian company founded in 1962 that has been operating for 
almost 60 years in the manufacturing sector of automatic machines and plants for 
processing iron for reinforced concrete. Currently, the Schnell Group is character-
ized by a staff of over 700 employees worldwide and is made up of five production 
plants. It operates in over 150 countries through its 11 subsidiaries, over 50 agents 
and resellers, and a dense network of service centers. Since 2018, the introduction 
of Lean Manufacturing principles and methodologies has significantly contributed 
to the maintenance and strengthening of its competitive advantage in the market. 
Currently, the company has 440 initiatives for continuous improvement and 216 
initiatives are previewed for 2022.

In 2020, Schnell started the first project of Lean Six Sigma Manufacturing char-
acterized by an international momentum through the involvement of the Chinese 
subsidiary, Schnell Machinery Tianjin. In particular, Schnell Tianjin was involved 
as a supplier to the Italian headquarters in Monteprandone.

In line with the objectives of the broader corporate project Group Purchasing 
Excellence, the project allowed to start an important empowerment process with 
Schnell Machinery Tianjin, with significant results in both directions. In 2021, the 
implemented system has allowed producing 59% more than the estimates, main-
taining the required performance. The line of Monteprandone has gone from a pro-
duction of 24 to 38 machines, always considering the same time frame of 12 months.

4.2  Lean Six Sigma Project at Schnell

To understand how the Lean approach was extended to the Chinese subsidiary, it is 
possible to subdivide the Schnell lean manufacturing project into three phases:

 1. Sharing. In this first stage, Schnell shared with the Chinese subsidiary the 
improvement project defined by the headquarters in order to start a first phase of 
dialogue and identification of critical components in the processes implemented 
by the company. As indicated by the Head of Group Purchasing, every week 
brainstorming activities were carried out and the Chinese teamwork participated 
actively and constantly, proving to be particularly motivated and interested in 
increasing their performance. Due to the pandemic crisis, these meetings took 
place using video conference tools and online sharing of documentation and files 
useful for the implementation of the project.

 2. Implementing. During the implementation phase, the central work team has con-
sistently supported the Chinese subsidiary in achieving the agreed goals in terms 
of Transit Time (50 days) and Estimation Time Delivery (10 days). In particular, 
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the Head of Group Purchasing noted that the main support activity concerned the 
supply chain management with respect to which the Chinese company showed 
difficulties and problems, for example, the sampling of suppliers was completely 
absent. In this phase, monitoring activities were also agreed and carried out once 
every 2 weeks through the brainstorming technique. An online sharing folder 
was specially designed for uploading files and documents.

 3. Maintaining. For continuous improvement, meetings with the Chinese subsid-
iary continue to be held every month, although the project objective has been 
fully achieved. As the Head of Group Purchasing stated, Schnell China today has 
a Lead Time of about 45 days.

In the following sections, the quantitative data extracted from the company 
reports provided by the purchasing manager will be reported to complete the infor-
mation obtained during the interviews.

The Project Chart Document of Table 2 illustrates a synthesis of the improve-
ment project that has been carried out in the period May–November 2020.

“As Is” Analysis
From a preliminary analysis, on a sample of 542 deliveries, there is an average of 
17.618 days with a minimum of 7.035 days in advance and a max value of 68 days. 
From an ulterior analysis, it can be affirmed that 75% of the deliveries fall back with 
values until 21.137 days, while advanced to 75% there are values until 68 days of 
Delta Delivery. Without carrying out any analysis and improvement actions, it can 
be affirmed to have values that go from 16.66 days to 18.569 days of delay (see 
Fig. 1 and Table 3).

“GAP” Analysis
From an analysis carried out after 3 months from the start of the activities based on 
Lean Manufacturing techniques, on a sample of 542 deliveries, there is an average 
of 7.03  days with a minimum of 2.998  days in advance and a max value of 
12.31 days. From an ulterior analysis, it can be asserted that 75% of the deliveries 
fall back with values until 8.05 days, while advanced to 75% there are values until 
12.31 days of Delta Delivery. Without carrying out any analysis and improvement 
actions, it can be affirmed to have values that go from 6.91 to 7.16 days of delay. 
The distribution is a possible approximation to a Gaussian model (see Fig. 2 and 
Table 4).

“To Be” Analysis
From an analysis made after 12 months from the start of activities based on Lean 
Manufacturing techniques, on a sample of 542 deliveries, there is an average of 
5.03 days with a minimum of 2.34 days in advance and a max value of 8.7935 days. 
From an ulterior analysis, it can be affirmed that 75% of the deliveries fall back with 
values until 5.66  days, while advanced to 75% there are values until 8 or 79 or 
35  days of Delta Delivery. Without carrying out any analysis and improvement 
actions, it can be affirmed to have values ranging from 4.97 to 5.19 days of delay. 
The distribution is a possible approximation to a Gaussian model (see Fig. 3 and 
Table 5).

The Transfer Process of Lean Approach Within Multinational Companies’ Network…



32

Table 2 Schnell S.p.A. project chart

Project chart Schnell Group S.p.A.

Title Schnell Monteprandone turns color and renews its production!
Business 
case

First project developed on a line of machines produced to order, subject to strong 
customization and with standard forecasting methods in the Schnell 
Monteprandone (AP) plant. By analyzing the market requests, the project 
requirements were generated and then all the Lean Manufacturing approaches 
were applied in order to reach the estimated target (time to market 20 days Data 
Customer order received). Once the process maps (Value stream map and 
Spaghetti Chart) have been generated, the production times As Is (Tackt Time), 
the special and common causes, the process variability measured (Lean 6Sigma- 
DMAIC) and finally the supplier Lead Time, we have generated initiatives for the 
optimization and stabilization of the machine production process. All methods 
were used in a bottom-up approach involving and collaborating with all team 
participants.

Project 
objectives

Start of model machine Prima 13 SMART
I. Definition of product/process requirements
II. Definition of KanBan elements
III. Stabilization of the balanced production line at a Demand of Nr. 2 Machines- 
month with a supply Lead Time of 3 months
IV. Increasing efficiency and accuracy in delivery
V. Stabilization of time to market

Ring 
(scope)

In scope Out of scope

All suppliers who participated in the Schnell HQ 
portfolio from January 1, 2020, to December 31, 
2020

All suppliers who do not 
accept the centralization

Project 
team

Project team Name of leader

Project leader Group purchasing director
Sponsor Plant director
Team member Local strategic buyer 1
Team member IT information team
Team member Senior electric worker
Team member Senior mechanical worker
Team member Production plant planner
Team member Quality department
Team member Industrial controller
MBB/coach Mirko Bartolucci

Milestone Start End Status 
(%)

Define May 1, 2020 May 31, 2020 100
Measure June 3, 2020 June 30, 2020 100
Analyze July 1, 2020 August 30, 2020 100
Improve September 1, 2020 September 30, 

2020
100

Control October 1, 2020 November 30, 
2020

100

(continued)
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Table 2 (continued)

Project chart Schnell Group S.p.A.

Voice of 
customer 
(V.o.C.)

Customer Needs – “stomach ace”
Market Time to market reduction
Central purchasing Obtaining targeted 

involvement at the central 
purchasing organization

Central procurement Reduction of needs 
management activities

Warehouse Elimination of stock and 
reduction of freight 
movements

Procurement (China) Be sure of the incoming 
material as confirmed by 
the managing supplier 
without intermediate 
processes

Production (China) Reduction of the set-up 
for lack of semifinished 
coming from the suppliers

Testing Certainty of the date of 
presence of the machine 
to have no overlap on the 
test

Critical to 
quality 
(CTQs)

Primary CTQ

Punctual delivery (deliveries ≤5gg confirmed date)
On time delivery = 1 (punctual deliveries)
On time delivery = 0 (late deliveries)

“As Is” 
value

0.0% performance (Process Sigma 0)

“To Be” 
value

80% performance (Process Sigma 2.5)

Concluding Evidence
Summarizing the results of the project at the end of the “To Be” phase, efficiency is 
passed from 0.30% to 84.50%, passing from the “As Is” phase with a range of deliv-
ery times ranging from 7 to 68 days to the “To Be” phase where the range has been 
reduced to 2–8 days (see Fig. 4).

5  Conclusions and Limitations

This study was carried out with the main objective to describe the Lean approach 
transfer process in the internal network of a multinational company, with a particu-
lar focus on the foreign subsidiary. Although coordination and implementation 
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Fig. 1 On-time delivery “As Is”

Table 3 Process Sigma calculator “As Is”

Opportunity defect (O) 1
Sample number (U) 542
Defect (D) 540
DPMO (defect per million opportunity) 996,310
Efficiency 0.37%
Process Sigma −1.18

Fig. 2 On-time delivery “GAP”
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Table 4 Process Sigma calculator “GAP”

Opportunity defect (O) 1
Sample number (U) 542
Defect (D) 398
DPMO (defect per million opportunity) 734,317
Efficiency 26.57%
Process Sigma 0.87

Fig. 3 On-time delivery “To Be”

Table 5 Process Sigma calculator “To Be”

Opportunity defect (O) 1
Sample number (U) 542
Defect (D) 84
DPMO (defect per million opportunity) 154,982
Efficiency 84.50%
Process Sigma 2.52
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Fig. 4 Summarizing results of the entire project

efforts are significant, creation and diffusion of projects oriented to Lean Thinking 
represent a strategic issue for multinational companies. Thanks to the qualitative 
analysis carried out, it is possible to highlight the important results achieved by the 
company under investigation that allowed to extend the Lean Thinking even beyond 
the borders of the headquarters. The project has thus enabled the Schnell Group to 
achieve important results such as the opening of forms of dialogue and collabora-
tion, the increase in the efficiency of its processes, a greater sense of belonging to 
the group and the acquisition of new skills, in addition to the full achievement of the 
operational objectives set by headquarter. It is important to stress that the involve-
ment of the foreign subsidiary results from an internal improvement project. 
Although the involvement has been indirect, it has brought many benefits and has 
allowed the Chinese subsidiary to increase its performance and empowerment, 
approaching lean philosophy. In this sense, the study contributes to enriching the 
literature on lean transfer, also showing situations of implicit transfer.

Despite the success of this first international lean project, Schnell S.p.A. is fully 
aware of the difficulties encountered and the need to consider these aspects in future 
projects. In particular, the obstacles mainly encountered concern the linguistic and 
cultural aspects and a different level of maturity in the processes management 
(above all, supply chain management), in addition to the geographic distance 
increased by the COVID-19 pandemic.

The main limitation of this research derives from the qualitative methodology 
adopted. In spite of allowing the developing of in-depth insights into a phenomenon 
and its context, a single case study makes it difficult to generalize the results 
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achieved. Further research should investigate a large sample of companies that have 
developed similar projects to be more generalizable. Another limitation is related to 
the analysis of a Lean project from a headquarters’ perspective. In the future, it 
could be interesting to combine headquarter with subsidiary perspective to obtain an 
overall analysis framework.
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Lean Healthcare: A Critical Analysis

Yesica Pino , José A. Pascual , and Ángel M. Gento 

Abstract The current pandemic situation caused by COVID-19, also known as 
coronavirus, has put the health sector in the spotlight. It has led to the emergence of 
new plans and strategies that can help society control and stop the spread of 
COVID-19. These strategies include the Strategic Preparedness and Response Plan, 
led by the World Health Organization (WHO), which highlights and outlines the 
public health measures that countries should adopt to prepare for and respond effec-
tively to the spread of the coronavirus.

The pandemic is much more than a health crisis. It requires a response, matching 
the main problems detected in health and emergency centers. Some of them are 
quick and exponential spread of the disease, a spike in the number of COVID-19 
cases, the successive waves, an increase in the number of patients, and insufficient 
response healthcare capacity. These problems become more important when there is 
also an economic downturn, which has made it impossible to expand budgeted pub-
lic spending on healthcare.

For this reason, research for alternative methods that can improve the quality of 
healthcare management, but without generating increases in budgetary costs, is 
timely. Implementing Lean Methodology in healthcare can enhance the quality of 
service, process improvement, and improve patient satisfaction.

This chapter analyzes the application of lean manufacturing in the healthcare 
sector: from specific departments of a hospital (emergency, surgery, etc. to the 
healthcare management of a region. It identifies also the most commonly used lean 
tools and their benefits in order to achieve sustainable competitive advantages.
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1  Introduction

The current pandemic situation caused by COVID-19, also known as coronavirus, 
has put the spotlight on the health sector. It has led to the emergence of new plans 
and strategies linked to the need to incorporate more efforts to help society to con-
trol and stop the spread of COVID-19. These include the Strategic Preparedness and 
Response Plan, led by the World Health Organization (WHO), which highlights and 
outlines the public health measures that countries should take to prepare for and 
respond effectively to the spread of the pandemic [1].

The 2030 Agenda for Sustainable Development was adopted by all UN Member 
States in 2015, which set out a plan to enhance national implementation and 
strengthen institutions to achieve the 17 Sustainable Development Goals, leaving no 
one behind [2]. The Sustainable Development Goal number 3 aspires to ensure 
health and well-being of all ages.

The pandemic is much more than a health crisis [2]. It requires a response, 
matching the main problems detected in health and emergency centers. Some of 
them are the quick and exponential spread of the disease, a spike in the number of 
COVID-19 cases or hospitalizations, the successive waves, an increase in the num-
ber of patients, and insufficient response healthcare capacity (increased waiting 
time, cancellations of scheduled surgeries, stress levels at work, long working hours 
and massive patient presence, etc.) [3]. These problems become more important 
when there is also an economic downturn, which has made it impossible to expand 
budgeted public spending on healthcare.

For this reason, the research for alternatives or study methods that improve the 
quality of healthcare management, but without generating increases in budgetary 
costs, is timely. Implementing lean methodology in healthcare and reviewing pro-
cesses and systems can enhance the quality of the service, decrease inefficiencies to 
ensure that all work performed adds value, reduce costs, minimize waste with ongo-
ing process improvement, increase productivity without stress, and improve patient 
satisfaction [4].

2  Lean Manufacturing for Service Activities

2.1  Basic Concepts

Although Lean Manufacturing was originally applied particularly to industry pro-
duction processes, such as chains of production or supply, increasingly, lean meth-
odology was being implemented in other sectors, including service activities [5–8].

The main goal of the Lean manufacturing philosophy is to support companies to 
add value to client deliverables as efficiently as possible. It is based on the principles 
that seek to optimize processes, reduce waste, and pursue continuous improvement 
to make the process more efficient. Even though it is difficult to identify and detect 
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higher quality waste because of intangible assets, the main principles of lean are the 
same: achieving efficiency of the value chain with the fewest resources [9].

For any business in the service industry, the priority is to provide excellent cus-
tomer service [10]. Business success depends on its ability to deliver its service on 
time, with high quality and according to customer requirements. Currently, it is 
becoming more common due to increased competition and customer demand. The 
service activities, although they are different from industrial production, have also 
unnecessary tasks without value that could be eliminated or reduced [9, 10].

There is a great scope of application of Lean tools in this context. The tools are 
used to analyze all existing processes and define the value proposition for the cus-
tomer, define areas for improvement according to the waste areas identified, and 
define objective levels of optimization or showing measurement indicators [11, 12]. 
In addition, they provide solutions to reduce mistakes, enhance the quality of ser-
vice, or achieve sustainable competitive advantages [13].

Many companies dedicated to the service activities have successfully imple-
mented the model proposed by Lean Manufacturing some years ago [7]. In particu-
lar, those companies that are characterized by the variability of their processes and 
high quality of customers are those that have obtained more successful results [11]. 
Therefore, we can advance that, despite being a model designed for the manufactur-
ing industry, the Lean methodology can succeed in any sector that is characterized 
by the complexity of its processes [13].

2.2  Lean Healthcare

Lean manufacturing is important from the point of view of health management 
since both industrial production and health services are based on similar key success 
factors, that is, customer/patient needs are the most important point. In fact, Lean 
Healthcare is a Lean methodology that puts the patient at the center of the system 
[14, 15].

The main objective of Lean Healthcare is to minimize waste in every process, 
procedure, and task through an ongoing system of improvement. All members of the 
organization, from clinicians to operations and administration staff using lean prin-
ciples, identify areas of waste and eliminate anything that does not add value to 
patients.

The originator of lean principles, Taiichi Ohno [16] of Toyota, described seven 
areas of waste that occur in every industry. Later, Toyota identified the eight wastes. 
Implementation of lean ideas in healthcare and reviewing processes and systems 
through the lens of the eight wastes can potentially reduce waiting, minimize inven-
tory, eradicate defects to improve quality of care and increase reimbursement, 
decrease the movement of patients, supplies, and equipment to improve patient 
flow, prevent injuries and save time by reducing motion, maximize resources by 
minimizing healthcare overproduction, remove waste from overprocessing, and 
understand how healthcare waste leads to untapped human potential. Table 1 shows 
the eight areas of waste and their main characteristics.
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Table 1 Eight wastes of lean healthcare [17]

Lean waste Main examples

Idle time Patient sitting in waiting areas, meetings stalled for latecomers, large 
waiting lists, idle high-tech equipment

Overproduction Preparing medications for a discharged patient, duplication of test, 
extending hospital stays

Transportation Moving people, supplies, and medical equipment unnecessarily
Overprocessing Unnecessary work goes into treating patients, needless test, filling out 

different forms with same information, performing data entry in more than 
one system

Inventory Surplus supplies and medications, extraneous data, stockpiles of preprinted 
forms

Motion Hospital workers perform movement within their workspace that does not 
add value to patients (stopping for frequently used supplies or increased 
motion due to poor building design, etc.

Defects Process or system failures, medical mistakes, misdiagnosis, medication or 
surgical errors, avoidable readmissions, incomplete or erroneous medical 
records

Untapped human 
potential

Waste in healthcare decrease time that employees could use for education, 
relationships with patients or implementation of systems-based 
improvements

3  Methodology

Information access is no longer limited, but in order to carry out this study it is nec-
essary to have reliable, real, and accurate data, so a fundamental requirement is the 
use of appropriate search criteria. Therefore, the study is based on the results 
obtained from a systematic literature review (SLR), which ensures structured and 
rigorous data and overcomes the weaknesses of other traditional narrative review 
methodologies [18].

The results aim to analyze the implementation models of Lean Manufacturing 
techniques in the healthcare system, collected in scientific journal articles found in 
the PubMed database. It contains more than 33 million citations and abstracts of 
biomedical literature.

In order to obtain the most relevant results, inclusion and exclusion criteria have 
been defined. Table 2 provides a summary of the results. The first was to select those 
articles that contained “Lean Healthcare” in title, abstract, and/or keywords (1.452 
documents). The second criterion used were those articles that had a peer review 
process and were published in English (1.352 documents).

A third condition to obtain the highest quality in our results was to include the 
availability of abstracts to ensure relevance (1.281 articles). We also set the criteria 
for the period from 2009 to 2019 (965 articles). In order to select more specific 
papers, we chose the filter with the keywords “lean management” to exclude medi-
cal papers with no mention of lean philosophy (331 articles). Finally, those that did 
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Table 2 Results of systematic literature review (SLR)

First stage Search within article title, abstract, and keywords
Search documents: “Lean Healthcare”

1.422

Second stage Limit to peer review process and English language 1.352
Third stage Limit to abstract 1.281
Fourth stage Limit to year (from 2010 to 2019) 965
Fifth stage Limit to keywords “lean management” 331
Sixth stage Eliminate articles that did not contain the desired parameters 298

not contain the desired parameters (not related to the context of the search) were 
eliminated.

The result of all stages, applying the exclusion criteria, was a total of 298 articles. 
In this way, we were able to analyze and classify the results obtained according to 
the hospital departments to the regions. In addition, the most commonly used tools 
and their benefits in achieving sustainable competitive advantages were identified. 
Finally, we use the articles defined as case studies (CS) in order to analyze how 
Lean Healthcare techniques are implemented. Thus, 136 articles have been ana-
lyzed in this study.

4  Results

The analysis of the results shows, according to the first of the variables, that the 
number of articles published on the object of study, Lean application in the health 
sector, is increasing over years. In 2009, there was only one publication. In 2010, 
there were 21 publications, and in the following year there were only 6. Subsequently, 
the number of publications increased with 39 publications in 2016 and 48 publica-
tions in 2019 (see Fig. 1).

From a geographic perspective, most of the publications come from North 
America, with the United States (127 papers) and Canada (29 papers) standing out. 
If we focus on Europe, the application of Lean methodology in the healthcare is also 
important, with significant contributions in the United Kingdom (27 papers), 
Sweden (18), the Netherlands (17), and Italy (14) (Table 3 shows the countries with 
three or more papers).

Of all the articles selected (298), only the “case study” articles (136 results) were 
analyzed in order to show the application models of the Lean Healthcare methodol-
ogy. Thirty-four general hospital departments reported having implemented lean. 
Emergency departments (17 cases), surgery (13), and pharmacy (6) apply lean in 
their processes, as well as in specialized care areas such as in 10 oncology depart-
ments, 7 orthopedic departments, 10 oncology departments, and 7 orthopedic 
departments (see Fig. 2).

The results illustrate that the Lean methodology has been implemented in differ-
ent healthcare areas and has served as a reference for other departments or for 
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implementation in other hospitals. These results prove that the Lean methodology is 
put into practice in numerous healthcare departments’ processes with the aim of 
offering fast and quality care to customers/patients, where optimization is focused 
on reducing time and costs. Healthcare area considers the patient as a customer, and 
its priority is to provide fast and quality care. Patient care is focused on optimizing 
time with the human resources available.

The healthcare sector has as a priority the optimization of time to provide imme-
diate medical attention to the patient; therefore, the most used Lean tool was value 
stream mapping (VSM), followed by define–measure–analyze–improve–control 
(DMAIC), standardized work, process mapping, and 5Ss (see Fig. 3).

The most usually used tools are those that allow us to analyze processes on a 
large scale (value stream mapping), at the workplace level (process mapping), and 
those related to the analysis and resolution of problems in a systematic way (DMAC, 
team approach to problem-solving and PDCA).

The list of the most commonly used Lean tools and their application in different 
departments provides evidence that the application of this methodology has reduced 
waiting times (41 cases), improved patient satisfaction (37 cases), increased produc-
tivity (31 cases), and reduced costs (29 cases) and response time (25 cases), depend-
ing on the objectives of each area.

5  Conclusions

This study has allowed us to learn about the usefulness of the Lean methodology in 
the service sector and specifically in the healthcare sector.

The analysis of current problems in the healthcare sector and the research on 298 
articles showing the application of this methodology have shown us the great poten-
tial for improvement with the application of Lean methodology. It is proof that the 
trend in research and development of real cases is increasing (1 publication in 2009 
and 48 in 2019).
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The chapter demonstrates that the application of Lean methodology is not lim-
ited to the industrial area, as evidenced by the practical cases applied in different 
countries and departments of the healthcare system. In addition, the possibility of 
adapting the Lean methodology in the health sector, with optimal results, with the 
purpose of improving the efficiency of the service provided, achieving the goal of 
providing the patient with quick and quality care, and reducing medical errors and 
waste in processes of services without value.

The results of the healthcare areas that require immediate medical attention 
(emergency, surgery, and oncology) are the first where lean management has been 
implemented. This is due to the need to see quick results that facilitate the expan-
sion to the other areas of the hospitals. All of this can be achieved with the applica-
tion of the most commonly used tools: value stream mapping (VSM), 
define–measure–analyze–improve–control (DMAIC), standardized work, process 
mapping, and 5Ss.
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Lean tools enable quality improvement and cost reduction by improving and 
redesigning key processes or activities. For that reason, Lean tools implementation 
is highly profitable and helps to enhance patient care, professional satisfaction, and 
sustainability of the healthcare system. It seems appropriate that future areas of 
research should identify the improvements obtained after the application of Lean 
Manufacturing to the healthcare sector.
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Road Freight Transport in Europe: 
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Abstract Transport is a strategic sector of the European Union economy (about 
5% of GDP) as it represents a significant source of jobs (5% of total employment), 
without forgetting its role in the proper implementation of the European single mar-
ket. The volume of freight transport has grown in recent decades and is expected to 
continue to do so, with road freight transport contributing more than 75% of total 
inland freight transport in the European Union (EU) in 2020. Thus, more than three 
quarters (79%) of EU road freight transport in tonne-kilometres were carried by 
heavy goods vehicles with a maximum authorised mass above 30 tonnes. In addi-
tion, heavy-duty vehicles are responsible for about a quarter of the fuel consumption 
and greenhouse gas emissions of the transport sector in the EU. To reduce emis-
sions, the EU has proposed an increase in transport efficiency which, among other 
strategies, includes better use of freight capacity and longer and heavier trucks. 
Currently, the dimensions and weights of trucks in international transport on 
European roads are regulated by Directive (EU) 2015/719. The European 
Commission allows EU members to test different dimensions than those proposed 
in the directive (without unfair competition) in order to study different alternatives 
for more efficient, greener and safer transport. The general situation of the EU and 
neighbouring countries in the field of road freight transport will be analysed, con-
sidering some alternatives such as those proposed in the Scandinavian countries, the 
United Kingdom and Italy, and their impact on costs and carbon footprint.
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1  Introduction

Nowadays organisations are facing economic, political, social, and technological 
changes increasingly faster. These changes have their origin in different aspects 
such as the globalisation of markets, uncertainty, high competitiveness, greater cus-
tomer demand, concern for sustainability, and increased energy costs, among others 
[1]. Adapting to these changes has made both companies and supply chains increas-
ingly competitive [2]. The competence in the logistics chain has revealed the impor-
tance of the logistics strategy as a generator of added value, a tool to satisfy 
customers and a facilitator of the achievement of business objectives. With the 
objective of generating value and obtaining competitive advantages over their rivals, 
companies seek greater efficiency and productivity in the different processes of the 
supply chain.

Therefore, the role and relevance of logistics in the strategic management of a 
company are increasing [3]. The generation of value and the search for competitive 
advantages make companies devote greater efforts to the design and organisation of 
logistics strategy. This has allowed in recent years a great development in logistics 
and transport, becoming one of the relevant areas of business management. Transport 
is an essential activity in the logistics strategy at the enterprise level, a competitive 
force in business, and an important contributor to the socio-economic and environ-
mental development of countries [4–6]. Transport plays an essential role in develop-
ment by providing people with accessibility to resources and markets, thus 
improving their quality of life, but doing so with the least possible environmental 
impact, which is sometimes difficult to implement [7, 8].

On the other hand, transport represents a relevant cost for most companies, 
around 10–20% of the total costs of a product [9, 10] and an important industry in 
all developed economies [11, 12]. Logistics accounts for 14% of the GDP of the 
European economy. Transport is a key sector of the economy: it accounts for more 
than 9% of the EU’s gross value added (the EU’s contribution to the economy). 
Transport services alone account for around €664 million and employ almost 11 
million people. The costs associated with transport have increased significantly in 
recent years. The reasons are increase in the fuel price, greater distances travelled, 
reduction in delivery times, and lack of qualified personnel, among others. To reduce 
transport costs, many companies and institutions have promoted studies to improve 
utilisation and expand the available cargo capacity [13–15] in the different modes of 
transport.

The increase in load capacity (volume and weight) in the different modes of 
transport (road, rail, sea, and air) plays a fundamental role in the profitability of 
transport. The weight–volume ratio is very important in the planning of the occupa-
tion of the load capacity of the transport used since the volume is often exceeded 
before the weight that is transported [16].

In addition to the economic aspect of the more effective use of carrying capacity, 
there is a social facet related to the growing sensitivity towards sustainability and 
the climate impact of transport. Transport is the logistics operation with the greatest 
impact on the environment and the highest energy consumption, generating a large 

Y. Pino et al.



51

part of the world’s greenhouse gas (GHG) emissions [17, 18]. According to the 
International Energy Agency [19], transport accounts for 28.9% of total energy con-
sumption globally, and generating almost 25% of CO2 emissions, for which road 
transport accounted for 72% in 2020. To improve the sustainability of transport, 
especially road freight transport, it is essential to study the efficient use of load 
capacity [16]. Operating with empty or partially loaded trucks implies an inefficient 
use of the company’s resources and, consequently, operating in an unsustainable 
way [20–22].

The United Nations adopted in 2015 the 2030 Agenda for Sustainable 
Development [23], an opportunity for countries and their societies to embark on a 
new path to improve the lives of all. It has 17 Sustainable Development Goals 
(SDGs), including climate change and environmental advocacy. Precisely Goal 13 
expresses how the levels of emissions of carbon dioxide (CO2) and other GHG 
emissions in the atmosphere increased to record levels in 2019. Climate change is 
affecting all countries on all continents and alternating national economies [23].

Despite the fact that GHG emissions have fallen by around 6% in 2020 [24], due 
to movement restrictions and economic recessions resulting from the COVID-19 
pandemic, this improvement is only temporary as global economy will recover from 
the pandemic and emissions will return to normal levels. In particular, the global 
transport sector is responsible for almost a quarter of GHG emissions, mainly CO2, 
of which approximately 72% come from road transport [25]. In this sense, to realise 
a more optimal transport, it is essential to achieve a greater utilisation of the load 
capacity, which leads us to focus on the analysis of the percentage of volume and 
weight occupied as a system for measuring efficiency in the decision-making pro-
cess [15, 16].

Cargo capacity concept has been studied from different perspectives and points 
of view (transport companies, customers, and government) which has led to a great 
diversity of opinions and results, without there being a standard model to calculate 
the most effective load capacity depending on the different situations of use [15, 16, 
26]. One of the most used factors to determine efficiency of the freight transport is 
capacity utilisation (load factor), which relates the actual weight of goods to the 
maximum weight that can be transported [27]. This measure underestimates the 
actual use of the vehicle in sectors where utilisation is limited by volume and not by 
weight [28].

However, despite the importance of the concept of carrying capacity in the vari-
ous logistics activities, most studies have focused on the analysis of the perfor-
mance of the weight transported according to the type and age of the vehicles, 
without obtaining results on the economic and environmental consequences [29–
34]. Based on data provided by Eurostat [35], the tonnes transported per vehicle are 
lower than the maximum allowed (EU average vehicle loads were 14.3 tonnes in 
2020, with national loads of 13.5 and international loads of 15.9 tonnes) [35]: this 
is in many situations because lorries have a limited volume and cannot be filled 
more than the maximum permitted [28, 36].

Lumsden [37] states that long-distance road transport in Europe is very sensitive 
to load capacity measured on pallets as 2/3 of the total trips analysed were loaded to 
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at least 90%, while less than 20% of the same trips were loaded above 90% of the 
weight. The volume capacity used, on average, was 82%, and half of the transport 
is charged to 90%. And the average weight capacity used was 57%. A recent study 
in Spain [38] estimated that only 50% of vehicles with a maximum authorised mass 
of 40 tonnes are loaded with 32 tonnes or more. This is usually because many prod-
ucts occupy much more volume than weight, so that the lorries are not saturated in 
weight but in volume.

The purpose of this study is to analyse the contribution of increased volume, 
particularly lorry length, on the efficiency and environmental impact of road trans-
port, proposing a solution based on existing trailers (or adapting them in a cost- 
effective way) without increasing the maximum weight transported.

The chapter is organised as follows. In Sect. 2, a brief compilation of the dimen-
sions and weights permitted in Europe is shown, and in Sect. 3, the most common 
configurations of articulated vehicles and road trains in Spain are analysed. Then, in 
Sect. 4, the proposed solution is presented and justified. The chapter concludes with 
some conclusions and future developments.

2  Current Lorry Size and Weight Regulations in Spain 
and Other European Countries

2.1  Europe

Although there is an EU directive to harmonise the weights and dimensions of 
heavy goods vehicles (HGVs) for reasons of road safety and avoid damaging infra-
structure [39] (amending [40]), there are some differences between them and even 
more if we include non-EU countries. This directive ensures that Member States 
cannot restrict the circulation of vehicles complying with these limits to carry out 
international transport operations within their territories and also aims to prevent 
national operators from benefiting from undue advantages over their competitors 
from other Member States when carrying out national transport.

However, as there are non-EU countries in Europe, they do not have to comply 
with these limits and [39] itself provides for derogations on maximum lengths to 
make HGVs more environmentally friendly by improving their aerodynamic per-
formance or safer by adding extra space in the driver’s cab. And exemptions on 
weights are also allowed for vehicles powered by alternative fuels (due to the higher 
weight of batteries in the case of electric vehicles). Thus, in a country’s internal traf-
fic, the dimensions and weights of lorries in the different European countries vary 
according to a multitude of circumstances: goods transported (mainly cars, timber 
and agricultural products), intermodal transport (containers), types of roads (num-
ber of lanes, motorways), and of course certain construction characteristics of the 
lorries (number of axles, refrigerated lorries).

There are very few differences in width and height between countries. The maxi-
mum permissible height is 4.0 m in most countries, except for some countries that 
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allow larger heights (4.2–4.5  m) for specialised lorries in transporting vehicles, 
cranes for removal of vehicles, or transporting containers approved for combined 
transport. And the maximum permissible width is 2.55 m except for some countries, 
which allow larger widths for refrigerated vehicles or for container transport. But 
although the length is broadly standard depending on whether we are talking about 
articulated vehicles (16.5 m) or road trains (18.75 m) in most European countries, 
there are significant differences when considering the transport of some goods, 
mainly cars. And there are some differences in the maximum authorised weight of 
articulated vehicles and road trains depending on the number of axles, the goods 
transported, the roads on which they travel, and above all whether the goods are 
transported in containers (Table 1).

Directive 97/27/EC [43] sets out provisions for the masses and dimensions of 
vehicles and also certain requirements relating to manoeuvrability. In the case of 
some semi-trailers, the manoeuvrability requirements will be deemed to be met by 
virtue of their dimensions.

2.2  Typical HGV Configurations in Spain

Articulated Vehicle The overall length of semitrailer tractor + semitrailer is 16.5 m 
in Spain (as in most European countries), so the semi-trailer can have a maximum 
length of 13.6  m (12  m from the kingpin) and a useful width of approximately 
2.5 m. In order not to exceed the maximum overall height of 4 m, the semi-trailer is 
usually around 2.9–3 m (it can be slightly extended depending on tyre configura-
tions). Therefore, we have approximately 33.7 m2 of usable floor space and around 
95–100 m3 of volume for most models. This means that 33 euro pallets are usually 
transported (although it could be as many as 34).

Road Train The total length of a road train is 18.75 m, which allows an overall 
load dimension of 15.65 m for rigid drawbar trailers. Considering the same height 
and width dimensions, we obtain a usable area of approximately 39 m2 and a vol-
ume of around 115 m3. And a capacity of around 38 euro pallets.

Euro-Modular System (EMS) Since December 2015, road trains of up to 25.25 m 
and 60 tonnes have been allowed to operate in Spain, although their use is restricted 
to obtaining an authorisation to circulate. The EMS (‘European Modular System’) 
is a modular combination provided for in European legislation (Directive 2002/7/
EC [44] amending Directive 96/53/EC [40]) which is made up of transport elements 
common in Europe, assembled in such a way as to form homogeneous units and 
optimise transport capacity: a ‘carrier’ lorry (7.82 m) pulling a semi-trailer across a 
platform (13.6 m) and a tractor unit with semi-trailer (13.6 m) plus trailer (7.82 m). 
Therefore, for the EMS, loading volume is approximately 156 m3, loading area is 
about 53  m2, and the maximum number of pallets (without re-assembly) is 52 
pallets.
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Table 1 Permissible maximum dimensions and weights of lorries in Europe

Country

Weights (in tonnes) Length (in metres)

Road train
Articulated vehicle 
5 axles and +

Road 
traina

Articulated 
vehicle

4 
axles

5 axles 
and +

Albania 36 40 44 18.75 16.50
Armenia 36 36 36 20 20
Austria/Estonia /Germany 36 40/44 40/44 18.75 16.50
Azerbaijan 36 42 44 20 20
Belarus 38/40 40/42 42/44 20 24
Belgium 39 44 44 18.75 16.50
Bosnia-Herzegovina 36/38 40/42 42/44 18.75 16.50
Bulgaria /Liechtenstein /North 
Macedonia /Poland /Switzerland

36 40 40 18.75 16.50

Croatia 36 40 40/44 18.75 16.50
Czech Republic 32 48 48 18.75 16.50
Denmarkb 38 44 44 18.75 16.50
Finlandc 36 44 44 34.50 23
France 38 40/44 40/44 18.75 16.50
Georgia/Romania /Serbia 36 40 40/42 18.75 16.50
Greece 38 40/42 40/42/44 18.75 16.50
Hungary 36/38 40 40/42 18.75 16.50
Ireland 36 42/46 44/46 18.75 16.50
Italy 40 44 44 18.75 16.50
Latvia 36 40 40/42/44 18.75 16.50
Lithuania 36 40/42 40/44 18.75 16.50
Luxembourg 44 44 44 18.75 16.50
Malta /Moldova /Montenegro /
Slovenia /Turkey

36 40 40/44 18.75 16.50

Netherlands 40 50 50 18.75 16.50
Norway 39 46–50 46–50 19.50 17.50
Portugal 37 44 44 18.75 16.50
Russia 36 40/44 40/44 20 20
Slovakia 40 40 40 18.75 16.50
Spain 36/38 40 42/44 18.75 16.50
Sweden 38 40d 44 25.25 24
Ukraine 38/44 40/44 40/44 22 22
United Kingdom 36/38 40/44 40/44 18.75 16.50

Adapted from International Transport Forum [41, 42]
aRoad train specialised in the carriage of cars (loaded): 22  m (Ireland, Slovenia), 21.75  m 
(Romania), 21 m (Croatia, Montenegro, Serbia), 20.75 m (Czech Republic, Lithuania, Moldova), 
20.55 m (Spain), 20.35 m (France); specialised road train: 20 m (Georgia); lorry with two trailers: 
22/24 m (Hungary); road train with two trailers: 22.00 m (Turkey); heavy goods vehicle specially 
designed for the transport of timber: 24 m (Norway)
bSix-axle: 50 t; seven-axle or more: 56 t
cFive-axle: 44 t; six-axle: 56 t; seven-axle: 60 t; eight-axle: 64–68 t (restrictions for ADR), 69–76 t 
(not for ADR)
dOn some roads, the permissible maximum weight is 74 t
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2.3  Potential Benefits

Despite being a practical solution to reduce costs and emissions, longer and heavier 
vehicles (HLVs) often get a bad rap for being unsafe or requiring large infrastruc-
ture investments. HLVs [also known as toll doubles, eco-combis, high-capacity 
transportation (HCT), road trains, super trucks, or mega trucks] are trucks that are 
longer and heavier than the legal dimensions of a country.

By consolidating the load of many vehicles into a combination of high-capacity 
vehicles, HLVs can reduce carbon emissions and cost per unit of cargo transported: 
an individual LHV could reduce carbon emissions by 15–40%, a 33% reduction in 
its costs, and a 70% drop in fuel consumption and CO2 emissions. There are also 
some positive effects on driver shortages; consolidating the load of many trucks into 
one allows transportation operators to operate with less manpower and potentially 
use the improved margins to pay better wages to skilled drivers.

3  Longer Articulated Vehicles: Similar Studies in Europe 
(Italy and the United Kingdom)

According to Article 4 of [40], a Member State may permit, through its national 
territory, the circulation of certain combinations of vehicles differing from maxi-
mum values of masses and dimensions set out in Annex I thereto, provided that this 
does not significantly affect international competition in the transport sector. This is 
enabled by a special permit, which is issued by the relevant state authorities.

The circulation of megatrucks is already allowed in European countries; how-
ever, a large part of these have applied this measure within the framework of pilot 
experiences to study and evaluate the impact of their implementation on traffic 
safety, infrastructure, emissions, costs, and transport. Sweden was the first country 
to implement gradually EMS systems, and subsequently the Netherlands. Also, 
Denmark, Finland, Belgium, Germany, Norway, and other European countries 
belong to the group of countries that have been gradually introducing this kind of 
transport. According to [45], the current studies are

• Sweden: Pioneer in the use of vehicles that exceed the limits of the regulations, 
it allows since 2009, in the north of the country, the use of trucks of 90 tonnes 
and 30 m long, for the transport of wood [46]. Up to 64  tonnes are currently 
allowed and 74  tonnes and 34  m long trucks (truck with two trailers) are 
being tested.

• The Netherlands is currently testing the use of 32 long truck trains with good 
results, which will soon allowed for usage.

• Denmark: Currently, the vehicle maximum authorised weight is 48 tonnes.
• Finland: It is similar to Sweden, but it is possible to use a complete trailer of 

13.6 m long by train truck of 25.25 m, although it is not foreseen in the directive 
but cannot be used in international transport. In 2013, following a change in 
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legislation, the use of vehicles with the maximum authorised weight of 76 [47] 
was authorised. And they allow vehicles of 34.5 m since January 2019.

• Germany: Since 2017, trucks with a weight of 40 tonnes and a length of 25.25 m 
have been allowed to circulate, and the possibility of increasing the maximum 
gross weight to 44 t is being analysed [45].

• Norway: Norwegian regulations since January 2020 allow the circulation of 
vehicles 24 m long and up to 60 tonnes [45].

3.1  Progetto Diciotto (Italy)

With the publication in September 2021 of Decree Law number 121/2021 [48], the 
experiment known as Progetto Diciotto [49] (P18), developed by ANFIA 
(Associazione Italiana Filiera Industria Automobilistica) and several transport com-
panies, has been put into operation. In 2009, the project began, which sought to 
increase the efficiency of road freight transport by increasing the length of articu-
lated trucks from 16.50 m to 18 m (including towing devices), thus increasing their 
capacity in terms of volume (the maximum total mass remains at 44 tonnes).

P18 has shown that there are no problems in daily use and allows to reduce the 
number of commercial vehicles. In fact, an articulated truck of 18 metres, a metre 
and a half more than before (trailer of 15.1 m), can transport 37 euro pallets instead 
of the 33 of the 16.5 m (see Fig. 1). The experimental phase [50] after 10 million 
real kilometres, particularly on medium-length routes (200–600 km), proved that 
18-m lorries have proven to be suitable for the transport of light and bulky goods 
loaded on pallets or in bulk, which can take advantage of the additional space avail-
able by staying within the legal limits of the maximum transportable weight (e.g. 
light food, packaging, toilet/household paper, household appliances, etc.).

In addition, allowing cargo saturation, saving on average 12% the number of 
trips, reducing fuel consumption per unit of goods transported, and consequently in 
CO2 emissions has demonstrated to improve transport efficiency. In terms of driving 
comfort and manoeuvrability, for 74% of drivers there are no differences between 
the vehicles of the Progetto 18 and the traditional ones, except in some restricted 
parking lots, and they did not find manoeuvrability problems. In terms of safety, 
83% perceived the same safety and 7% even better compared to 16.50-m trailers. 
When it comes to safety, only 6% of drivers believe that overtaking manoeuvres 
while driving a P18 vehicle is more difficult.

3.2  High-Volume Semi-Trailer Trial (the United Kingdom)

The Department for Transport [51] proposed an increase of 2.05 m in the length of 
semi-trailers and a maximum length of 18.75 m for articulated vehicles (allowing 30 
standard UK pallets to be transported on one trailer instead of 26; see Fig. 2) within 
the existing weight limit of 44 tonnes gross vehicle weight (offering more efficiency 

Y. Pino et al.



57

Fig. 1 Comparison between the P18 truck and the traditional one. (Taken from [50])

Fig. 2 Comparison between the LST truck and the traditional one. (Taken from [51, 52])

and fewer truck trips for goods limited by volume rather than weight). This will not 
involve vehicles longer than those on British roads as the current maximum allow-
able length for a rigid vehicle/trailer combination with drawbar is already 18.75 m.

The project began in 2009, with the main objective of analysing whether the 
introduction of these high-volume semi-trailers would generate general economic 
(more efficient freight transport, equal amount of cargo in less travels, etc.), envi-
ronmental (local air pollution and carbon reduction), and land social benefits (posi-
tive benefit on congestion, reduction of accidents, noise, and infrastructure costs).

Testing with longer semi-trailers (LST) began in 2012, and until the end of 2019, 
the results of the trial indicated that [53, 54]

• It reduced, on average, 1  in 12 trips, saving between 54 and 60 million 
vehicle-kilometres.

• Showed reduction in emissions of 48,000 tonnes of CO2 and 241 tonnes of NOx.
• LSTs have been involved in approximately 53% fewer collisions and personal 

injury victims than the average GB HGV.

Given these results, they have considered that they have enough data, and 
although initially it was planned that the tests would run until 2027, it is being con-
sidered to put an end to it and its use is approved, with certain limitations, this year; 
even a new variant of 48 tonnes is being thought.
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4  Conclusions

The challenges faced by the transport and logistics sector worldwide include 
increase in demand and costs, reduction in emissions, and lack of drivers, making a 
series of measures necessary to improve the efficiency of the sector. One of these 
possible improvements is the efficient utilisation of truck capacity. In this sense, 
different alternatives are being proposed that allow to extend the length of the trucks 
especially if they are saturated in volume and not in weight.

An increase in the size of trucks means an increase in the capacity of the load and 
with it a decrease in the trucks that are necessary to transport the same amount of 
cargo, reducing congestion, accidents, consuming less fuel, and emitting less CO2 
than conventional vehicles per unit of cargo transported.

With respect to future developments, we are developing a pilot study, together 
with transport and industrial companies, in which a new alternative for trucks is 
proposed. Our approach considers the possibility of a truck in which the tractor–
trailer combination is 20.5 m long, while maintaining the same maximum load limi-
tation of 40 tonnes as at present. This solution, with a trailer of 18.75 m long, would 
allow 10 more euro pallets to be transported, which would be very efficient for 
routes that are not saturated in weight but in volume. This would have less impact 
on existing infrastructures and, given its manoeuvrability, would require little 
investment in infrastructure.
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Knowledge Management: An Overview 
of Roadmaps for Additive Manufacturing

V. Fernandes , F. Matos , and R. Godina 

Abstract Additive manufacturing (AM), also recognized as 3D printing, has been 
winning more and more appreciation in recent times given its relevance to the emer-
gence of Industry 4.0. AM technology has proven to have enormous potential, and 
the last decade has seen its rapid development and integration into the industry. 
Therefore, it becomes necessary to develop tools and support approaches to guide 
the implementation and adoption of AM technologies in organizations. The road-
map tool is one of the possible tools that can help in the innovation of an organiza-
tion to support the integration and management of additive manufacturing. Although 
with the emergence of new materials and processes, it is predictable that AM 
becomes a trend in manufacturing processes and has more and more interest from 
both academia and industry, and the need to develop new studies and tools that sup-
port this technology is still required. The aim of this chapter is to study the current 
state of the use of the roadmap applied to additive manufacturing as a tool to map 
the technological knowledge.

Keywords Knowledge management · Roadmapping · Roadmap · Additive 
manufacturing · 3D printing
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1  Introduction

Additive manufacturing (AM), or 3D printing, is seen as a technological trend of 
Industry 4.0 [1–3]. It is a manufacturing technique that is changing industry and 
manufacturing processes [4].

Recently, it became one of the most used technologies to manufacture and proto-
type different structures in different industries [5]. It is expected, with the develop-
ment of new processes and materials, that AM would turn out to be a common and 
spread worldwide manufacturing process. However, there is a necessity to under-
stand better how corporations could adopt AM technology to support innovation, 
improve their performance, and increase competitiveness [6].

The future of technology is uncertain, and companies need to support their plan-
ning to interact with upcoming future technological growth by defining a technol-
ogy strategy [1]. Thus, the necessity arises to research and develop alternative 
methods and tools to regenerate and exploit knowledge in order to preserve or gain 
a competitive advantage [7].

Roadmapping emerged as a well-established method to support companies in 
getting involved in technology management and strategic planning [6]. A technol-
ogy roadmap is essential and indispensable to ensure success in the digital transfor-
mation process required for Industry 4.0 [1].

The use of this kind of tool in the industry allows companies to manage their 
technology, showing great potential to support AM and industrial development; 
however, there are still hurdles that need to be overcome.

This chapter aims to study the current state of the use of the roadmap applied to 
AM as a tool to map the technological knowledge through a literature review of 
several scientific articles, as well as the identification of challenges and gaps that 
this tool might face in the near future.

2  State of the Art

2.1  Additive Manufacturing

AM has enabled a revolution in the way that products are designed and produced [8, 
9]. In 1987, the first commercial AM machine, SLA-1, was introduced by 3D 
Systems, and since then, AM industry has been developing rapidly. As evidence of 
its growth, in 2016, a report reveals an impressive 26.2% annual growth rate of this 
technology over the past 27 years [10].

The advent of AM has attracted much attention from both academia and industry. 
This technology uses digital design and layer-by-layer (l-b-l) assembly to create 
complex 3D structures in an extensive range of scales from micrometer to meter and 
has a huge potential to transform the engineering, manufacture, and use of advanced 
materials [11].
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Research has developed new AM processes and applied them in aerospace, auto-
motive, biomedical, and other fields (e.g., digital art and architectural design) 
[3, 12].

Industries such as electronics, automotive, aerospace, and medical have shown 
an increased rhythm of implementation of AM. Their capacity for parts production 
that is functional and has a higher turnover contributed to an increased deployment 
of this technology. It also enables organizations to decrease the available occupied 
space and manufacturing time. Customers using AM technology can get prototypes 
faster and at a lower price compared to conventional rapid prototyping (RP) [10].

AM is a process that adds layer-upon-layer of material and allows parts to be 
made from 3D model data as opposed to subtractive and formative manufacturing 
methodologies. This technology presents a wide variety of processes that use an 
assortment of materials such as plastics, metals, ceramics, and composites, among 
others [6].

AM makes it possible from a CAD model to manufacture 3D objects through 
layer-by-layer [13]. ISO/ASTM52900-15 establishes seven different AM proce-
dures: powder bed fusion, directed energy deposition, material jetting, material 
extrusion, sheet lamination, binder jetting, and vat photopolymerization [14]. 
Stereolithography, fused deposition modeling, inkjet printing, and selective laser 
sintering are the most common processes [6].

The Design for Additive Manufacturing (DfAM) has appeared in the literature. 
The researchers started to explore this concept with the goal of providing a basis to 
support professionals in the design practice. According to its main purpose and 
application, there are two types of DfAM. “DfAM in the strict sense” includes 
approaches that are directly associated to the design process itself, e.g., “AM design 
rules” to ensure AM-produced parts and “AM design potentials” to take advantage 
of AM capabilities. On the other hand, “DfAM in the broad sense” are the approaches 
indirectly associated; however, these are a part/application of the selection and man-
ufacturability analysis [8].

There are several advantages to AM, such as design flexibility, the ability to pro-
duce complex shapes, simplicity of use, and product customization [4]. Also, its 
digital nature allows manufacturing to be performed directly from CAD files, elimi-
nating inventory and costs associated, which turns out to be an advantage of this 
type of technology [6].

These technologies can be widely used for traditional manufacturing; however, it 
is still important to overcome certain challenges. Perhaps the most noteworthy is the 
lack of knowledge among designers on how to conceive compounds that make the 
most of these new technologies. In fact, codification of knowledge about design 
regulation, principles, standards, and best practices has been recognized as a key 
issue in the acceptance of this technology [8].
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2.2  Knowledge Management

The application focusing on the “know-how” of the organization is the key to tech-
nology that differentiates it from more general kinds of knowledge. Technology is 
typically associated with science and engineering (“hard” technology), but the pro-
cedures that empower its application are also essential (“soft” aspects of technol-
ogy). It is useful to address technology as a type of knowledge since knowledge 
management notions incorporate managing technology more effectively [15].

Knowledge management is the creation, organization, sharing, dissemination, 
application, and use of knowledge. It is a notable success factor for companies and 
a significant precursor to innovation. There are numerous models and approaches, 
and their effectiveness depends on the situations of organizations. Adapting to 
change can enable organizations to embrace technological change in order to remain 
competitive [7].

2.3  Roadmap

First used at Motorola in the 1970s, the technology roadmap has been widely used 
as an approach to technology management [16]. This tool is one of the most power-
ful tools for technology management that allows support in the development and 
implementation of strategic business and product plans as it makes available the 
processes, information, and tools necessary to create comprehensive plans [17].

Roadmapping consists of strategic planning and aims to support innovation by 
helping to develop products, services, or systems identifying the technology and 
other resources needed, in line with business aims and in response to market 
drivers [6].

Over the years, technology roadmapping (TRM) has become a frequently 
employed technique for technology management in companies and industries [5]. A 
survey of 2000 UK manufacturing companies revealed that the TRM method has 
been applied by 10% of companies and around 80% of these corporations are adopt-
ing the technique multiple times, or continuously [15].

To balance the various components presented in a roadmap is essential consider-
ing the time measurement, and its creation can be executed at the organizational, 
industrial, or national level. In order to have an even deeper understanding, the 
purpose of applying different layers in a roadmap allows organizations to explore 
where we are and where we hope to go [5].

Thus, the basic principle of a roadmap is to present the current state (e.g., where 
you are now) and desirable future state (e.g., where you want to go), and paths 
between the present and future (e.g., how to get there). This tool helps managers in 
all organizations to develop a common vision of a complex situation that usually 
gives rise to a high degree of uncertainty about the future [16]. An effective roadmap 
illustrates a company’s short- and long-term vision and business opportunities, and 
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can connect its technology resource to those opportunities [16], providing a clear 
visual format (but not always) to aid communication and cooperation [2, 6].

The graphic representations provided by a roadmap help companies understand 
the relationships between products, markets, and technologies in the course of time 
and help governments and industry to come to investment decisions efficiently and 
stay competitive by providing knowledge about the emerging technologies [17].

It can take many forms, and the roadmap development process is flexible as the 
approach can and should be customized to suit different organizational contexts and 
specific issues addressed [16]. There can be various types of technological road-
maps, depending on the intended purposes and graphic formats. Many classifica-
tions are defined by the scientific community, but the most common categorizes the 
roadmaps into four groups: product technology roadmaps, science technology road-
maps, product roadmaps, and industry roadmaps [17].

2.4  Limitations

The practice of the TRM method has many challenges for companies, although it is 
fairly straightforward in structure and concept. There is a lack of practical support 
available. Despite efforts to share experiences, these sources do not explain how to 
use this approach specifying step-by-step guidelines. The success of this tool is 
dependent on having the right people involved and commitment from high-end 
management. Overload of initiatives, interference from short-term tasks and infor-
mation, data, or knowledge not being accessible are factors that compromise the 
application of this tool [15, 18, 19].

Furthermore, one of the major limitations of roadmapping is that there currently 
does not exist any “one-size-fits-all” approach that fits all companies, which means 
that for each company it is idiosyncratic and must be designed based on the busi-
ness’s fundamental principles, intent, capabilities, goals, motivations, priorities, and 
budgets [1].

A more specific limitation, already related to the application of roadmapping to 
AM technology, is the fact that future advances that have not been known may 
change part of the roadmap that has been done, also as future possibilities. Therefore, 
roadmap maintenance is extremely necessary [18, 20]. Usually, it is advisable to 
upgrade a roadmap every 2 years [21].

3  Methodology

The collection of articles was initiated by taking into account inclusion criteria and 
the chosen keywords. To carry out the search in a more detailed manner and proceed 
with the development of the review article, the relevance of each article was evalu-
ated according to the following inclusion criteria:
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• Articles published in scientific journals and written in English.
• Articles that address the development or possible development of a roadmap.
• Articles that address cases of application of this tool to Industry 4.0, in particu-

lar, to AM.

For the elaboration of this review article, a structured and exploratory search was 
conducted using the scientific journals Science Direct, Emerald, Springer, and 
Taylor & Francis and the academic database “Scopus,” in order to obtain a 
broader search.

In the first phase, only the title and abstract of several articles found were ana-
lyzed in order to understand whether they were related to the theme. Twenty-seven 
articles were identified, and, therefore, some were rejected because they did not 
match the defined inclusion criteria and others were rejected because the access to 
the full article was not allowed.

After this screening, the 19 articles that meet the defined inclusion criteria and 
that presented themselves as the most significant for the literature review were ana-
lyzed in depth so that from then on these could be used in the preparation of the 
review article.

The flowchart in Fig. 1 summarizes the main steps of the methodology that was 
followed for the preparation of the review article.

Fig. 1 Methodology flowchart

V. Fernandes et al.



69

4  Analysis and Discussion of the Results

After the article selection process, an analysis of the type of article was performed. 
It can be seen that scientific articles represent 89% of all publications considered, of 
which one is a literature review article. Also, one book chapter and one conference 
paper were consulted.

In the literature, it was possible to find already some studies about the application 
of the roadmap tool to AM. In order to identify the different studies and researches 
that currently exist, which applied or addressed the roadmap for additive manufac-
turing technology, we considered only 10 articles in this initial analysis that contrib-
uted to the construction of Table  1. In this table, it is possible to find for each 
consulted article its year of publication, the application area, if applicable, the AM 
processes, and also the objective and the main conclusions (Table 1).

The articles analyzed showed a wide variety of application areas. In addition to 
those pointed out in the literature as industries where AM has been strongly adopted, 
it appears in the textile industry as a potential future path for a practical technology 
to create a real, new, complex, and diverse textile product [11]. It also emerges in the 
biomedical industry as the 3D bioprinting technology creates three-dimensional 
models, designing tissues or organs, through the prescribed deposition layer by 
layer of alive cells and biomaterials [5] and also in the plastic industry [22].

From the same table, it is possible to identify the different processes that are 
mentioned in the studies, which shows the great diversity of existing technologies 
of AM. The consulted literature mentions processes that are the most common to be 
used, such as selective laser sintering (SLS), fused deposition modeling (FDM), and 
also the laser beam powder bed fusion (PBF-LB process), also known as selective 
laser melting (SLM). However, less known processes such as 3D bioprinting were 
also mentioned.

Sustainability has been an increasingly current topic that has aroused great inter-
est among researchers and organizations. AM technology and its potential advan-
tages for driving environmental, economic, and social sustainability are causing 
research to begin to focus its attention on this topic. In three articles, studies related 
to sustainability and how AM can contribute to it are mentioned [6, 11, 22].

The articles [11, 22–24] mentioned developed studies and refer to the roadmap 
as a guide that aims to support innovation, identifying processes and other resources 
necessary to develop products, processes, and technologies, supporting future work. 
But no visual roadmap has been applied or developed, with a vision and opportuni-
ties in the short and long term.

The book chapter [10] reports the standards of AM that are essential to gather the 
raising needs of diverse industries, such as the consumer, commerce, and industrial 
areas, over a trustworthy verification of a product or market performance. The 
impact of the 2009 Roadmap for Additive Manufacturing Report (RAM) on advanc-
ing AM technology is assessed in the article [25].

The article [8] mentions the numerous problems and limitations of using AM, for 
each step from design to manufacturing and provides a framework to map current 
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Table 1 Characteristics of the consulted articles

Year
Application 
area AM process Objectives Conclusions Reference

2017 – – Build the sustainable 
value roadmapping 
tool (SVRT), 
combining the 
strategic 
roadmapping 
technique and the 
sustainable value 
analysis tool

There is still a need to 
refine and test what has 
been developed so that it 
can be a robust basis to 
assist companies in 
adopting AM

[6]

2018 – – Provide a basis for 
mapping current 
DfAM knowledge 
and identifying 
challenges and 
future guidelines for 
studies about DfAM

The study revealed that 
there are still several 
limitations affecting 
existing DfAM 
knowledge

[8]

2018 Plastic 
industry

Selective 
laser 
sintering 
(SLS) fused 
deposition 
modeling 
(FDM)

Demonstrate that a 
low-cost feed 
material (filament) 
for FDM can be 
fabricated from a 
mixture of residual 
SLS powder and 
tungsten carbide

It is shown that the 
filament can be made 
from a mixture of residual 
SLS powder and tungsten 
carbide, which will make 
the plastic AM more 
energy-efficient, 
self-sustaining, and 
contribute to the 
sustainability of the 
environment

[22]

2017 – – Introducing AM 
standards, their 
importance, 
historical context, 
and priority areas

– [10]

2020 Textile 
industry

Direct ink 
writing 
(DIW)

Propose a potential 
for textile 3DP, 
naming the 
technique of printing 
with fibers to create 
textile structures

A potential path for 3D 
printing of textiles in the 
form of fiber printing has 
been outlined for further 
exploration

[11]

(continued)
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Table 1 (continued)

Year Application area AM process Objectives Conclusions Reference

2020 – – Provide an 
understanding of 
how AM and 
topology 
optimization can be 
used synergistically 
for design and 
manufacturing

Taking an aerospace 
support as an 
example, the 
procedure is 
performed and then 
the performance is 
verified where 
limitations and 
research directions 
for future studies are 
identified

[23]

2022 Biomedical 
industry

3D 
bioprinting

Develop and present 
a TRM for a startup 
to produce a 
roadmap for their 
product and 
business 
development

The roadmap 
developed allowed 
the identification of 
product and 
technology gaps, as 
well as knowledge 
gaps within the 
company, thus 
helping as a 
knowledge 
management tool

[5]

2021 – Laser beam 
powder bed 
fusion 
(PBF-LB)

Present the roadmap 
for processing the 
H282 superalloy 
using PBF-LB 
technology

It has been proven 
that crack-free H282 
can be processed by 
PBF-LB technology
Selection of the 
appropriate 
parameters for this 
alloy was possible

[24]

2014 Biomedical 
applications, 
energy, and 
sustainability

– Present the key 
findings of the 2009 
roadmap for 
Additive 
Manufacturing 
Report (RAM) and 
some significant 
impacts the report 
has had on the 
advancement of AM 
technology

It is not possible to 
clarify whether in 
most cases the report 
was instrumental in 
triggering any AM 
activity; however, at 
least one case was 
used to create the 
Edison Welding 
Institute Additive 
Manufacturing 
Consortium

[25]

2017 Healthcare, 
aerospace, 
automotive, and 
manufacturing.

7 AM 
technologies

Identify the 
important aspects of 
the AM’s 
evolutionary 
progress allows 
establishing trends 
in local markets, 
products, 
technologies, and 
capabilities

Determine possible 
advantages of the 
technology and 
identify opportunities 
for AM technology in 
the country, about its 
use, research, and 
development

[20]
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DfAM knowledge and identify restrictions and future research directions for studies 
addressing DfAM. Related to sustainability, another article provides a structured 
methodology that consists of systematically considering the sustainability conse-
quences of AM at all stages of the product life cycle [6].

Consequently, there are only a few articles that have developed and applied a 
visual roadmap tool to AM technology. At the national level, in Mexico, a roadmap 
was developed that permitted to create reference points in the upcoming progress of 
technology in terms of market, product, technology, and capacity in order to deter-
mine new opportunities for AM in the country [20].

On the other hand, in another article, a roadmap was developed at the organiza-
tional level for the specific case of a startup. The study showed that for a company 
at an early stage the use of a roadmap can be valuable for its development and, in 
addition to the application of the tool itself, the elaboration process allowed the 
identification of gaps in the organization [5].

Finally, through the year of publication of each article considered for the con-
struction of the table, the graph in Fig. 2 presents the distribution by year of publica-
tion of scientific articles over the time interval considered.

After analyzing the graph, it is possible to conclude that, in addition to the year 
2017 being the year with the highest number of publications, the real growth of 
interest in this topic has taken place since 2017. In recent times, there are a greater 
number of publications that are included in this article. It is possible to say that from 
2017 onward the study of the roadmap for AM has stimulated a higher interest in 
research.

In a broader analysis, the application of roadmap for Industry 4.0 is also addressed 
by the research community and there are already studies available. The article [1] 
develops and introduces a strategic roadmap for the transition to Industry 4.0. This 
article mentions with more emphasis the best practices existing in the scope of stra-
tegic management, information system management, supply chain management, 
manufacturing technology management experience, and marketing. A strategic 
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roadmap providing a basic framework for organizations to achieve Industry 4.0 
implementation using Lean and Six Sigma principles also appears in the literature 
[26]. Finally, the article [2] developed an overview of European strategic roadmaps 
underlining the difference between “technology roadmap” and “strategic research 
agendas.” Technology roadmaps normally are the inputs for the strategic research 
agendas.

Disruption of more traditional manufacturing practices and processes is unavoid-
able. Around the world, the rapid transformation through the implementation of 
Industry 4.0 appeared in industries. Besides AM, the high-performance cutting 
(HPC) technology is no exception and also in the literature it is already possible to 
find studies as in the article [27] that highlight some of the problems related to the 
development of a new roadmap for cutting processes. The roadmap tool shows to 
have a huge potential not only to be applied to AM but to any Industry 4.0 technol-
ogy; however as verified, there is still a need for a great effort from both research 
and organizations for this tool to help organizations in its application.

5  Conclusion

With the continuous advancement and development of new technologies, Industry 
4.0 is increasingly becoming present in organizations and starting to revolutionize 
industry. Additive manufacturing is currently recognized as one of the technologies 
of the 4th Industrial Revolution. This technology is transforming traditional manu-
facturing processes, so it is expected that in the near future, and as the industry 
adapts, its technological infrastructure becomes increasingly integrated into organi-
zations. However, regardless of the growing interest in its use and its many advan-
tages, there are still many difficulties that should be overcome. There is an evident 
need for more research to enable greater support and knowledge sharing to guide 
the adoption and implementation of AM technology by organizations. Proof of this 
is the difficulty in finding articles that applied roadmap to AM. Although it was pos-
sible to find a few studies, these were very specific, which ultimately highlights the 
gap in this topic, especially the lack of studies and developments in the application 
of this tool to AM.

The contribution of this chapter was to provide an improved understanding of the 
concept of a roadmap for additive manufacturing. Also, it broadens the research by 
encompassing several studies found in the literature that connected additive manu-
facturing and roadmaps by realizing an exploratory overview. Despite the potential 
shown by the roadmap tool, there are still many limitations. The lack of available 
practical support and the need to adapt it to the particular requirements of the cor-
poration and its business context are some of the barriers limiting its application. 
The overload of initiatives, distraction due to short-term tasks, and inaccessibility of 
information and knowledge are all factors that can compromise the application of 
this tool. Furthermore, the application of this tool requires the commitment of the 
entire organization and the constant technological evolution and development are 
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two major barriers that mean there is still a long road ahead full of challenges to be 
overcome.
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Life Cycle Inventory of Additive 
Manufacturing Processes: A Review

Samruddha Kokare, Radu Godina, and João Pedro Oliveira

Abstract With a growing emphasis on environmentally friendly manufacturing, 
the evaluation of the environmental performance of additive manufacturing (AM) 
processes has gained attention. Life cycle assessment (LCA) is an important tool to 
compute the environmental impacts of AM processes. LCA studies of AM pro-
cesses require life cycle inventory (LCI) data in the form of natural resources, 
energy consumed, and wastes and emissions associated with these processes. This 
chapter collects and summarizes the LCI data for different AM processes from the 
existing literature. It is observed that AM processes in general have higher energy 
demand than the conventional manufacturing processes. However, the better mate-
rial utilization of the AM processes, particularly in manufacturing complex shapes, 
can make them more sustainable in comparison with the conventional manufactur-
ing (CM) processes. The LCI data presented in this chapter can be useful to the 
manufacturers, researchers, and LCA practitioners in performing LCAs of AM 
processes and choosing the most sustainable process.
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1  Introduction

The manufacturing sector is a major contributor to the economy but is also a promi-
nent source of environmental emissions. In 2019, manufacturing accounted for 
about 14% of the European Union’s gross domestic product (GDP) [1] but was 
responsible for roughly 21% of its total greenhouse gas emissions [2]. Tougher 
environmental regulations and increased consumer awareness about sustainability 
have led the companies to develop sustainable products and processes [3]. To reduce 
the environmental impacts of a product or process, it is essential to measure its 
environmental impacts first. Life cycle assessment (LCA) based on ISO 14044 stan-
dards is a well-known methodology used to calculate the environmental impacts of 
a product or a process over its life cycle [4]. Based on the results of LCA, recom-
mendations to reduce the environmental impacts of a product or process can be 
made. LCA has also been applied to additive manufacturing (AM) processes to 
quantify their emissions [5]. In conducting LCA of a process, its life cycle inventory 
(LCI) data needs to be collected first. LCI involves input flows like raw material, 
energy, other resources consumed, and output flows like wastes and emissions. The 
aim of this chapter is to compile the LCI data for different AM processes. The LCI 
data for different AM processes is collected from the existing literature focusing on 
the environmental assessment of AM processes. The LCI data presented in this 
chapter can be useful to the manufacturers, researchers, and LCI practitioners in 
assessing the environmental impacts of AM processes and sustainable process 
selection. This chapter is structured as follows: Sect. 2 describes the systematic lit-
erature review methodology used in this chapter. Section 3 summarizes the LCI data 
collected for different AM processes. In Sect. 4, the LCI data of AM processes is 
compared to that of conventional manufacturing (CM) processes. The sustainability 
potential of AM processes is also discussed in this section. Finally, the main conclu-
sions of this study are discussed in Sect. 5.

2  Methodology

A systematic literature review was carried out by entering the keyword string “life 
cycle assessment” AND “additive manufacturing” OR “3d printing” in the Scopus 
database. This search was limited to the research items written in English and pub-
lished up to the year 2021. This initial search resulted in 267 matches. Then, title 
analysis of papers was performed and only papers whose title indicated LCA of an 
AM process were shortlisted. This resulted in 122 research items. Further, the 
abstracts of these items were analyzed, which led to 116 research items. Finally, the 
full paper analysis was performed, where 66 research items addressing the LCA of 
an AM process were selected. Out of these 66 research items, only 25 research items 
that presented the LCI data for AM processes such as raw material, electricity, other 
process consumables, and material wastes based on actual experiments and on-site 
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measurements were considered for this study. The research items relying heavily on 
the existing literature and LCI databases were excluded from this review.

3  LCI of AM Processes

This section provides a summary of different types of LCI data available for selec-
tive laser melting (SLM), selective laser sintering (SLS), direct energy deposition 
(DED), electron beam melting (EBM), fused deposition modeling (FDM), material 
jetting (MJ), material jet fusion (MJF), binder jetting (BJ), and stereolithography 
(SL) processes. The LCI data compiled includes the raw material used, energy 
required in its production, specific energy consumption (SEC) of AM processes, 
portion of raw material wasted during the process, and other process consumables 
such as inert gas and compressed air.

3.1  Selective Laser Sintering

The studies on energy and material consumption in SLS are described in Table 1. 
Polyamide (PA) powders are used as raw materials in SLS. The energy required for 
the production of these powders are 85  MJ/kg and 129.1  MJ/kg as reported by 
Telenko et al. [6] and Kwon et al. [7], respectively. The SEC of the process varies 
between 29.2 MJ/kg and 145.1 MJ/kg. High powder wastage rates ranging between 
20% and 97% of the input powder are seen in all the three studies.

3.2  Selective Laser Melting

Table 2 summarizes the LCI data for SLM process. In SLM, metal powders are used 
as the raw material. The energy required to produce these powders, generally using 
gas or water atomization process, ranges from 2.48 MJ/kg to 55.58 MJ/kg. The SEC 
values SLM process vary between 55.7  MJ/kg and 567.2  MJ/kg. The powder 

Table 1 LCI data for SLS process

Machine 
tool

Raw 
material

Raw material 
production energy 
(MJ/kg)

SEC 
(MJ/
kg)

Material 
wastage (% 
wt.)

Compressed air 
consumption Reference

– PA12 85 52.2 20–44 – [6]
P770 PA12 129.1 29.2 97 – [7]
EOSINT 
P760

PA2200 NA 145.1 44.1 20 m3/h [8]
PA3200 NA 129.5 46
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Table 2 LCI data for SLM process

Machine 
tool Raw material

Raw material 
production 
energy (MJ/
kg)

SEC 
(MJ/
kg)

Material 
wastage 
(% wt.)

Inert gas 
consumption Reference

Reinshaw 
AM250

Al-Si 8.1 567.2 20 Ar: 208 l/build [9]

SLM 280 
HL

X2CrNiMo1712 2.48 383.1 6 Ar: 3.08 kg/
build

[10]

Reinshaw 
AM250

SS 316 L 7.2 55.7 4 Ar: 10 l/build [11]

EOSM 
290

Ti6Al4V NA 299.5 4 Ar: 1.45 kg/part [12]

– Inconel 718 55.58 291.3 NA Compressed 
air: 1 Nm3; Ar: 
2 l/min

[13]

Table 3 LCI data for EBM process

Machine 
tool

Raw 
material

Raw material 
production energy 
(MJ/kg)

SEC 
(MJ/
kg)

Material 
wastage (% 
wt.)

Inert gas 
consumption Reference

ARCAM Ti6Al4V 23.76 396.1 – – [15]
ARCAM 
A1

Ti6Al4V 23.76 41–
135.8

– – [16]

– Ti6Al4V 93.24 176.3 35 (machining 
allowance)

– [14]

ARCAM 
A2X

Ti6Al4V 70 84.6–
507.6

– – [17]

ARCAM 
AB

Ti6Al4V 30.1–33.3 59.9 – He: 1 l/h [18]

wastage relatively lower than the SLS process is seen between 4% and 20% of the 
input powder. Additionally, the amount of inert gas consumed during the process is 
also documented in Table 2.

3.3  Electron Beam Melting

In studies focusing on EBM process, Ti6Al4V alloy is commonly used as the raw 
material. The energy consumed in its powder production is reported in the range of 
23.76–93.24  MJ/kg. The SEC for this process varies between 41  MJ/kg and 
507.6 MJ/kg. Generally, the powder wastage is not described explicitly. Lyons et al. 
[14] estimated a machining allowance of 35% of the total powder consumed during 
the process (Table 3).
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3.4  Direct Energy Deposition Processes

The LCI data for DED processes, namely, direct additive laser manufacturing 
(DALM), laser engineered net shaping (LENS), laser cladding forming (LCF), and 
wire arc additive manufacturing (WAAM) are used. The energy required for powder 
production in the case of laser-based processes varies between 0.97  MJ/kg and 
14.4 MJ/kg. The SEC of these processes varies between 87.1 MJ/kg and 316.8 MJ/
kg. WAAM demonstrated a relatively lower SEC of 9.77  MJ/kg and 10  MJ/kg. 
WAAM also reported lower material wastage than the laser-based DED processes 
but required postprocessing operations (Table 4).

3.5  Fused Deposition Modeling

The studies containing LCI data for FDM process are summarized in Table 5. The 
raw materials used in this case were polymeric filaments of acrylonitrile styrene 
acrylate (ASA), acrylonitrile butadiene styrene (ABS), and polylactic acid (PLA). 
The energy consumed in PLA filament production ranges between 50.4 MJ/kg and 
61.2 MJ/kg [24]. Kwon et al. reported 93.04 MJ/kg energy requirement in the pro-
duction of ABS [7].The SEC for FDM process ranges between 43.2  MJ/kg and 
610.8 MJ/kg. The raw material wastage rates of 3 and 34% were reported by Kwon 
et al. [7] and Nagarajan & Haapala [25], respectively.

Table 4 LCI data for DED processes

Process
Machine 
tool

Raw 
material

Raw material 
production 
energy (MJ/
kg)

SEC 
(MJ/
kg)

Material 
wastage 
(% wt.)

Inert gas 
consumption Reference

DALM – Steel 
powder

14.4 87.1 NA Ar: 2.13 m3/
part

[19]

LENS LENS 
450

AISI 
4140 
powder

1.38 243.5 86 – [20]

LCF – Ti alloy 
powder

0.97–2.34 316.8 20–30 Ar:10 l/min [21]

WAAM MX3D SS308l 
wire

– 9.77 1.10 98% Ar + 2% 
CO2: 12 l/min

[22]

WAAM – EN 
S235JR 
steel wire

36.3 10.375 1.3 82% Ar + 18% 
CO2; 271 l/
part

[23]
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Table 5 LCI data for FDM process

Machine tool
Raw 
material

Raw material 
production energy  
(MJ/kg)

SEC 
(MJ/kg)

Material 
wastage  
(% wt.) Reference

– PLA 50.4–61.2 43.2 – [24]
uPrint SE plus ABS 93.04 122.9 3% [7]
Stratasys 
Dimension SST

Plastic – 533.3–
610.8

– [26]

Stratasys Fortus 
400 mc

ASA – 457.2 34% [25]

Table 6 LCI for MJ, MJF, BJ, and SLA processes

Process
Machine 
tool

Raw 
material

Raw material 
production energy 
(MJ/kg)

SEC 
(MJ/kg)

Material 
wastage  
(% wt.) Reference

MJ J750 PJ ABS 92.2 115.8 – [7]
MJF HP MJF 

4210
PA12 
powder

– 98.7 5% (assumed) [27]

BJ – 17-4 PH SS 
powder

1.65 32.5 – [29]

BJ – SS powder 2.28 67.1–
99.66

– [30]

SL Form2 Clear 4 
resin

– 86.54 – [28]

3.6  Other AM Processes

AM processes like material jetting (MJ), multiple jet fusion (MJF), binder jetting 
(BJ), and stereolithography (SL) are not extensively studied in LCA. According to 
Kwon et al., the SEC of MJ process is 115.8 MJ/kg [7]. London et al. reported the 
SEC of 98.7 MJ/kg for MJF process with material wastage of 5% [27]. The SEC for 
BJ process lies in the range of 32.5–99.66 MJ/kg. Mele et al. calculated the SEC of 
86.54 MJ/kg for desktop stereolithography process [28] (Table 6).

4  Comparison Between AM and CM Processes

Based on the above-compiled LCI data for AM processes, it can be concluded that 
powder bed fusion (PBF) AM processes, i.e., SLS, SLM, and EBM, have received 
more attention than other processes with regard to studies on energy and resource 
consumption. Although a high variation is seen in SEC data ranges for AM pro-
cesses, they are significantly higher than SEC values of CM processes listed in 
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Table 7 Energy requirements for some conventional manufacturing processes

Process
Raw 
material

Raw material production 
energy (MJ/kg) SEC (MJ/kg) Reference

Green sand 
casting

Steel – 10.65 [22]

Casting Cast iron – 3.45 [29]
Investment 
casting

Inconel 718 279.67 24.41 [13]

Machining Stainless 
steel

81 3.9 [29]

Machining Cast iron 17 3.7 [29]
Machining Aluminum 127.1 Roughing: 1.4; 

finishing: 9.9
[33]

Machining Titanium 556.2 Roughing: 2.7; 
finishing: 22.1

[33]

Injection 
molding

– – 12.6–19 [34]

Table 7. Furthermore, AM processes need additional energy for the production of 
raw material in the form of powders, wires, or filaments. However, studies have 
shown more environmentally friendly performance of AM processes compared to 
conventional manufacturing processes [13–15, 22, 23, 26, 31, 32]. This is attributed 
to better material utilization by AM processes compared to CM processes, espe-
cially in manufacturing complex designs. For instance, in a case study demonstrated 
by Paris et al. [15], EBM and CNC milling consumed almost identical amount of 
electricity in the manufacturing of a turbine blade. The low material utilization of 
14% by the CNC milling process caused more environmental impact than the EBM 
process. Similarly, Lyons et al. [14] observed material utilization of 15% for machin-
ing process and 65% for EBM process. Ingarao and Priarone [32] showed that EBM 
is more energy efficient than machining due to its higher material utilization. A 
similar conclusion was drawn by Campatelli et al. [23], where integrated WAAM 
and machining exhibited 34% energy saving enabled by raw material saving com-
pared to pure machining approach. Bekker and Verlinden [22] showed that WAAM 
is environmentally friendly mainly due to its efficient material use than the CM 
processes. However, it must be noted that AM processes are not always more sus-
tainable than CM processes as shown by some studies [10, 20, 21]. AM is sustain-
able for highly complex shapes where part weight reduction is enabled and used in 
transportation applications [31]. Therefore, it can be concluded that AM processes 
have higher sustainability potential than the CM processes in cases when the part 
geometry is highly complex, requiring high amounts of material removal by CM 
processes.

Life Cycle Inventory of Additive Manufacturing Processes: A Review



84

5  Conclusions

In this chapter, the LCI data for different AM processes were compiled by reviewing 
the existing literature focusing on the environmental performance of AM processes 
using LCA methodology. The LCI data collected includes mainly energy require-
ment, raw material wastage, and other process consumables for different AM pro-
cesses. Based on the review, it is concluded that the LCI data for PBF-based AM 
processes like SLS, SLM, and EBM have been documented relatively better than 
the other AM processes. This is evident from the fact that 13 out of 25 articles con-
sidered in this study focused on PBF-based AM processes. However, high variabil-
ity is observed in the collected LCI data for AM processes that can be attributed to 
the use of different machine tools, raw materials, process parameters, and lower 
number of studies. This emphasizes the need to collect and record more LCI data for 
AM processes based on experiments and on-site measurements. The energy con-
sumption and material wastage of AM processes were also compared to conven-
tional manufacturing processes. Although AM has higher energy requirements, it 
can be more sustainable than the conventional processes due to better material utili-
zation, particularly in manufacturing complex geometries as indicated in the previ-
ous section. More studies on the sustainability of AM processes, including PBF 
processes, need to be conducted and its LCI data need to be documented to fully 
understand the environmental behavior of AM processes.
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Critical Success Factors of TQM 
for Sustainability in Higher Education 
Institutions: A Theoretical Contribution

Teresa Nogueiro , Margarida Saraiva , and António Ramos Pires 

Abstract Total quality management (TQM) is a management approach that was 
initially used by the industry, but that over time has been adapted to other types of 
institutions, including higher education institutions (HEI). Currently, the topic of 
TQM associated with HEIs and higher education is certainly no longer a novelty. 
However, considering the competitiveness of these institutions for the best students, 
best researchers, and best means, the sustainability of these institutions has become 
almost a requirement. This chapter intends to analyze the critical success factors 
(CSF) in the implementation of total quality management and the critical success 
factors for sustainability in HEI as a way of contributing to a theoretical reflection 
on the sustainability of higher education. This work was based on the 11 CSFs for 
the implementation of TQM, following the studies of Bayraktar et al. (Total Quality 
Management 19:551–574, 2008), corroborated/validated by Nadim and Al-Hinai 
(International Journal of Applied Sciences and Management 1:147–156, 2016), in 
HEI: leadership, vision, measurement and evaluation, process control and improve-
ment, program design and resources, quality system improvement, employee 
involvement, recognition and reward, education and training, student focus, and 
other stakeholders’ focus. After identifying the keywords or phrases of the CSFs in 
TQM implementation, we identified many other aligned CSFs for a better under-
standing of the critical success factors for sustainability implementation in HEIs.
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1  Introduction

The higher education sector has become very competitive and subject to market 
forces; as a result of these issues, higher education has been considered a worldwide 
business. To deal with these developments, higher education institutions (HEIs) 
have discovered that total quality management (TQM) is an unavoidable approach 
to achieving corporate goals [2] and increasing a company’s overall effectiveness, 
efficiency, cohesiveness, adaptability, and competitiveness [3]. The overall structure 
of higher education institutions is designed to achieve research and teaching goals. 
The operational personnel of the institutions reinforce these goals [4–6].

While many organizations around the world have implemented TQM, its imple-
mentation in nonprofit organizations and higher education institutions offers more 
problems and difficulties than in corporate firms. The process of client identification 
is a crucial stage in TQM implementation [7]. “Who are your core customers?” is a 
crucial question for any business. Higher education makes the matter more chal-
lenging because its services are provided to a variety of groups, such as students, 
businesses/employers, societies/governments, and teachers. Higher education insti-
tutions have a large variety of customer groups that have been recognized by many 
authors who have examined the subject.

Students are the key customers, despite the fact that higher education has numer-
ous customers and stakeholders (future employers, governments, and societies). 
Education is described as the process of learning knowledge, as well as the knowl-
edge, skill, and understanding gained via attendance at a school, college, or univer-
sity. The nature of education (as a service) is that it offers the foundation for learning 
and demonstrating that learning has occurred. Whether students see themselves as 
co-creators or not, it is important to remember that education can only happen if 
learning happens [8].

These customers have a variety of requirements that are either complementary or 
discordant [9]. According to these authors, the first key finding of their research is 
that “education” is divided into two distinct processes: teaching/education, which is 
mostly the responsibility of university teachers, and learning/knowledge, which is 
primarily the responsibility of students. For each process, the main internal and 
external customers were identified. For these authors, in the process of “teaching/
education,” the internal customers are the faculty members and the external custom-
ers are the students; in the process of “learning/knowledge,” the internal customers 
are the students and the external customers are the employers/companies; and in the 
process of “research/investigation,” the internal customers are the faculty members 
and the external customers are the society/government. Therefore, the work of these 
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authors illustrates five opposing viewpoints among several client groups: (1) the 
student as a customer in classroom teaching activities; (2) the student’s participation 
in his own learning; (3) future employers’ expectations of the student as a product; 
(4) scientific productivity indicators in research; and (5) the double duty of teachers: 
teaching and research.

In a different approach, Reavill [10] created a framework for identifying higher 
education stakeholders, focusing on developing customer requirements as a key 
component of TQM (total quality management). Students, employers, the student’s 
family and dependents, universities and their employees, suppliers, the secondary 
education sector, other universities, commerce and industry, the nation, the govern-
ment, taxpayers, and finally professional bodies are among the 12 stakeholders who 
contribute to or benefit from higher education.

Akinyele [11] has classified HEIs’ customers as internal customers (academic 
and administrative) and external customers (direct and indirect). More recently, 
Guilbault [8] referred that the student, employer, and other stakeholders might all be 
considered customers. Excluding the student from the role of customer can have an 
impact on student happiness/satisfaction and retention since who is perceived as the 
consumer determines policies and procedures. Students perceive themselves as cus-
tomers, and there are many actions/activities/practices by HEIs that treat students 
as such.

Universities must be accountable to society, employers, students, and each other. 
Therefore, higher education must be of high quality [2, 12].

TQM has the ability to increase educational institutions’ quality while also 
achieving continual improvement and refers to an organization’s culture of continu-
ous improvement aimed at increasing customer satisfaction [1]. For the objective of 
constructing a comprehensive TQM model, a synthesis of TQM philosophy and 
system aspects is possible. Aspects of a unit or organization that must work well if 
the unit or organization as a whole is to prosper are known as key issues or critical 
success factors (CSF). They must be addressed in order to achieve the level of qual-
ity that customers need in order to meet their demands and expectations. They have 
the following characteristics [13]: customer joy, external customer satisfaction, 
internal customer satisfaction, fact-based management, measurement, people-based 
management, continuous improvement, and continuous improvement cycle.

The CSFs for the implementation of TQM are critical in higher education institu-
tions since they will assist the organization in improving its performance assess-
ment [7].

TQM‘s CSF of strategic quality planning is crucial. It covers, among other 
things, the creation of vision/mission statements, quality policies, quality control, 
and other management tools [14].

Other challenges, including leadership, culture, and organizational issues, can 
make TQM implementation more difficult in higher education [15]. To properly 
adopt TQM, it is critical to ensure that everyone is completely engaged and dedi-
cated to the process [7]. These authors identify the following CSF for the implemen-
tation of TQM: management commitment and leadership, total customer satisfaction, 
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employee involvement, continuous improvement, training, communication, and 
teamwork.

Identifying critical success factors is a crucial step in incorporating them into the 
processes. It gives an organization a way to assess hazards and possibilities in its 
surroundings. CSFs also provide a set of criteria for evaluating organizations’ 
strengths and weaknesses [13].

This chapter intends to analyze the critical success factors in the implementation 
of total quality management and the critical success factors for sustainability in HEI 
as a way of contributing to a theoretical reflection on the sustainability of higher 
education.

Aside from this introduction, this chapter is divided into four sections: 
“Framework of the themes”; “Methodology of the study”; “Results obtained”; and 
“Final considerations, limitations to the study, and future research.”

2  Exploring the Critical Success Factors in the Context 
of Higher Education Institutions

TQM can be adopted and implemented in HEIs, according to Nadim and Al-Hinai 
[2], but there is still a knowledge gap about how to do it successfully. The knowl-
edge of TQM‘s CSF may aid in the removal of implementation difficulties.

Over the last 15 years, sustainability has gained traction and is still a hot topic in 
management circles. Scholars and practitioners agree on the significance of elimi-
nating all trade-offs between business and society, as well as their inextricable inter-
play [16]. Indeed, there are many parallels between sustainability and TQM, 
particularly in terms of beliefs and methods. Both sustainability and TQM are 
focused on proactive and preventive techniques with the purpose of achieving long- 
term objectives and maintaining performance levels. On a practical level, both of 
these ideologies have established technical and organizational methods to ensure 
the true governance of their processes, such as (1) continuous improvement; (2) 
zero defects; (3) life cycle evaluation; (4) waste reduction; and (5) employee 
involvement and training [17].

TQM as a management approach might be broadened to include elements of 
sustainability development, according to Isaksson [18], identifying “process man-
agement” as the most appropriate tool for enhancing not only the economic firm’s 
performance, but also its environmental and social performance.

Zink [19] highlighted the main TQM principles (i.e., leadership, continuous 
improvement) that can easily be discounted in this theoretical framework, stating that 
excellence models are valuable tools to transfer the concept of corporate sustainabil-
ity into practice, according to Edgeman’s theory [20], where excellence for sustain-
able development can be built on the triangle “person–organization–society.”
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Apart from the TQM CSFs already described and “naturally” linked to sustain-
ability, environmental sustainability is frequently emphasized in the literature as a 
fundamental antecedent of sustainability [17].

In HEI, Bayraktar et al. [1] identified 11 TQM CSFs. While Nadim and Al-Hinai 
[2] gathered data from 144 academics from 22 HEIs in Turkey, the 11 CSFs of 
Bayraktar et al. [1] were validated for reliability and validity. Leadership, vision, 
measurement and evaluation, process control and improvement, program design 
and resources, quality system improvement, employee involvement, recognition 
and reward, education and training, student focus, and other stakeholders’ focus are 
all reliable CSFs, according to their study’s findings. Employees’ involvement was 
found to be the most important success element, followed by stakeholder focus and 
other stakeholder focus, according to Nandim’s and Al-Hinai [2] findings.

The 11 CSFs in HEI are presented next, according to Bayraktar et al. [1] corrobo-
rated/validated by Nadim and Al-Hinai [2].

2.1  Leadership

The European Quality Award and the Malcolm Baldrige Quality Award both empha-
size the need for leadership commitment to TQM efforts as a well-accepted TQM 
implementation premise. HEIs‘top management should be aware of TQM‘s require-
ments, recognize the value of employee involvement, and focus on long-term stable 
performance measures while actively supporting TQM procedures through their 
activities [1]. If top management is not committed to TQM, it will not be imple-
mented efficiently [21].

Vision, mission, and values are components of leadership dimension [13]. TQM 
believed leadership to be a primary CSF. In order to reach the given aims, leaders 
are responsible for defining and articulating the company’s vision, as well as build-
ing organization-wide commitment in the workforce [2, 22, 23]. The dedication of 
the top management is critical to the success of a quality improvement program. 
Management commitment entails defining a clear and appealing future vision as 
well as offering strategic leadership [24].

It is vital for the top management to commit to developing an organizational 
atmosphere that empowers employees [25].

It is critical for HEIs‘top management/leaders to pay more attention to employee 
participation in decision-making and ensure that key performance indicators (KPIs) 
are clearly communicated to all employees [2].

To foster a sustainable culture, HEIs, like other companies, rely on competent 
leadership [26].

According to Weiss et al. [27] (pp. 51), “There is a significant effect that no lead-
ership is associated with a low-level (‘bolt-on’) of sustainability curricula imple-
mentation.” Their findings imply that a curriculum change is only achievable if 
leadership support is at least reasonable.
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2.2  Vision

A vision is a declaration of one’s wish to evolve into a preferred state in the future. 
All personnel should be allowed to focus on how they can help realize the goal. 
Visions are linked to what is known as transformational or charismatic leadership, 
which refers to leaders who have a significant impact on their organizations [13].

An HEI‘s vision is a public expression of what kind of organization it wants to 
be in the future. The vision statement shared and practiced throughout the organiza-
tion can be seen in the values, beliefs, and business practices of the organization. 
Obviously, different vision statements will result in varied TQM implementation 
policies and performance measurements [1] and that may prove misleading [2]. To 
these authors, leadership’s innovative approach and goals in the growth of HEIs are 
determined by vision.

To develop a prosperous environment for sustainability, university leadership 
must promote a vision of sustainability on campus and continually support it in 
order for it to take root and grow. Building a team with a shared vision, acting on 
that vision, and leveraging the vision to empower the campus are all part of leader-
ship’s responsibilities [26].

2.3  Measurement and Evaluation

These are tools for determining the quality of HEI performance. As a result, areas 
of weakness will be identified, and performance adjustments will be pursued [2].

In any implementation, determining the degree of success is essential for identi-
fying areas for improvement. Even though it is difficult to identify globally accept-
able performance measures for all HEIs, measurement and assessment are almost 
impossible without them [1].

Before monitoring and evaluating staff performance in HEIs, Bayraktar [28] 
emphasized that it is critical to precisely establish the key performance indica-
tors (KPIs).

2.4  Process Control and Improvement

This is a natural result of measuring and evaluating things. Because HEIs are viewed 
as service organizations with many processes, they may require a unique organiza-
tional structure. Measurement, evaluation, control, and improvement of administra-
tive and academic procedures in HEIs should be done on a regular basis [1].

Any complete quality approach must include process management. Processes 
that have an impact on the quality of products and services should be given special 
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attention. Process management is concerned with ensuring that processes run 
smoothly as expected [14].

Process control and later improvement are required at each step to relieve pres-
sure on the quality improvement system and contribute to meeting stakeholder 
demands [2].

2.5  Program Design and Resources

Academic programs are HEIs‘principal products for attracting and satisfying the 
needs/requirements of stakeholders like students, industry/firms, academia, and the 
general public. These initiatives should be examined on a regular basis, taking into 
account the requests of stakeholders and technology advancements, and revised as 
needed. Interdisciplinary study fields, as well as the facilities required to perform 
such research, should be taken into account while developing curriculum and pro-
grams [1].

The designed programs must be reassessed on a frequent basis in response to any 
internal or external pressure to modify them [2].

2.6  Quality System Improvement

To ensure the consistency of quality-related concerns in HEIs, a well-documented 
quality assurance system is required [1].

Any organization’s quality processes must be established and reviewed on a reg-
ular basis. It was clear in HEIs that there are two recommended instruments for 
improving the consistency of quality systems: process flow charts and quality crite-
ria checklists [2, 29].

2.7  Employee Involvement

A good TQM implementation will not be achieved without the unambiguous sup-
port and involvement of the workforce. TQM is an organization-wide endeavor to 
create a high-quality culture. Employees’ negative attitudes about TQM implemen-
tation may be eliminated with active participation. Employee involvement in HEIs 
can be measured by cross-functional team formations, employee collaboration, vol-
untary employee participation in TQM research, and system acceptance of employee 
proposals [1].

Teamwork and cross-functional interactions are emphasized in TQM techniques, 
which give numerous chances for social engagement and reinforcement [30].
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Employee participation is widely cited as a critical TQM CSF. Employees that 
are more involved have a greater knowledge of the value of product quality and are 
more devoted to improving it. Employees should feel a sense of belonging to the 
organization [14].

Employee empowerment is a motivational strategy that encourages administra-
tors, academics, staff, and others to advocate for environmental sustainability [26].

2.8  Recognition and Reward

Any employee, department, or school that demonstrates success in TQM-related 
initiatives should be rewarded as a means of bolstering a specific performance level. 
Performance measurements for HEIs may need to be updated to take quality efforts 
into account in order to encourage employee commitment to TQM adoption [1].

According to Zhang [31] quoted by [2], a regular and open method for evaluating 
employee performance and selecting award criteria is required. As a result, it is 
advised that the recognition and reward system criteria be designed to reflect the 
HEIs’ staff involvement in this process in order to create and strengthen the level of 
organizational commitment among the employees.

2.9  Education and Training

Even in higher education institutions, educating and training personnel on TQM 
adoption and its consequences is critical to the program’s success. Academic and 
nonacademic staff training needs should be recognized individually and included as 
part of a quality awareness workshop. Missing skill sets should be identified, and 
additional training should be organized to bridge the gaps. Such activities should 
have access to the necessary financial resources [1].

Staff should be trained and informed of all relevant sectors, and a mandatory 
financial arrangement should be in place to support this effort [32].

One of the most crucial elements for a successful TQM deployment is training. 
Employees must be knowledgeable and skilled in order to provide high-quality ser-
vices and products [14].

2.10  Student Focus

To Zhang et al. [33], each organization’s main mission is to understand, serve, and 
exceed client demands and expectations. Effective TQM implementation necessi-
tates a strong focus on the customer, resulting in excellent customer satisfaction.
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Recognizing students’ needs requires a close interaction with them within the 
boundaries of academic ethics. Some of the primary issues of a successful TQM 
program that is deemed to be student-focused are the collection and review of stu-
dent complaints, careful examination of course evaluations, support of student club 
activities, and alumni follow-ups [1, 34].

2.11  Other Stakeholders’ Focus

The demands and expectations of a certain business or industry, as well as society 
as a whole, should be systematically observed and used to inform HEI academic and 
continuing education programs. Employees of higher education institutions play a 
critical role in providing practical services to HEI clients. The ability of employees 
to grasp the entire process and goal of the organization is critical to the success of a 
TQM implementation program [1].

To Bayraktar [28], employees, students, society, governing bodies, and other 
stakeholders all play a role in any HEI. As a result, it is recommended that you be 
aware of the demands of these various stakeholder groups and work hard to meet 
their needs [2].

3  Methodology

This research is based on a qualitative analysis of the themes. Thus, regarding the 
critical success factors associated with total quality management in higher educa-
tion institutions, a literature review was carried out.

The actions undertaken to process the data were as follows:

 1. Literature review.
 2. Collection of systematized information on the CSFs related to TQM, identifying 

the keywords or the key expressions per CSF, based on the studies of Bayraktar 
et al. [1], which were corroborated/validated by Nadim and Al-Hinai [2], who 
identified 11 CSF in HEI.

 3. Analysis of the systematized information, from the identification of keywords or 
key expressions of the CSF in the implementation of TQM for a better under-
standing of the critical success factors for sustainability in HEIs.

 4. All information about CSFs, obstacles/barriers, and challenges to the implemen-
tation of sustainability in higher education institutions in various countries was 
analyzed in each study offered by the following authors: Aleixo et  al. [35], 
Disterheft et al. [36], Larrán Jorge et al. [37], Nadim and Al-Hinai [2], Salleh 
et al. [6], Velazquez et al. [38], Verhulst and Lambrechts [39], Blanco-Portela 
et al. [40], and E Akins et al. [26]. Following the collection of these elements, a 
preliminary screening was conducted to eliminate duplicates. The elements were 
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then classified as closely as possible according to their nature (processes, 
resources, structure, or others). Because the bulk of these studies make no direct 
reference to the CSFs connected with sustainability, their assessment was based 
on an examination of the obstacles/barriers and challenges to the implementa-
tion of this component in higher education institutions.

The data were analyzed in a qualitative way, done manually without using any 
other analysis tool, and the results obtained were organized in tables for a better 
understanding.

The purpose of this study is to study the critical success factors in the implemen-
tation of total quality management and the critical success factors for sustainability 
in higher education institutions, in order to contribute to a theoretical reflection on 
higher education sustainability.

4  Results

Section 2 clearly identifies critical success factors in the implementation of total 
quality management in HEIs. These elements can be summarized for a better under-
standing of the critical success factors of the implementation of total quality man-
agement identified in that section. In order to group, it was necessary to define per 
TQM’s CSF implementation keywords or key expressions as presented in Table 1.

The 11 critical success factors for the implementation of total quality manage-
ment were analyzed in Sect. 2, and Table 1 presents the keywords and key expres-
sions per CSF, in order to enable a better identification and characterization of 
each CSF.

The perspective of sustainability in higher education institutions was added due 
to the importance of this dimension to their quality and excellence. Therefore, the 
critical success factors for sustainability were identified by taking into consideration 
the studies of Aleixo et al. [35], Disterheft et al. [36], Larrán Jorge et al. [37], Nadim 
and Al-Hinai [2], Salleh et al. [6], Velazquez et al. [38], Verhulst and Lambrechts 
[39], Blanco-Portela et al. [40], and E Akins et al. [26]. In each study presented by 
the authors, all information concerning CSFs, and obstacles/barriers and challenges 
to the implementation of sustainability in higher education institutions in various 
countries was analyzed. After collecting these elements, a first screening was car-
ried out in order to eliminate repetitions. Subsequently, the elements were grouped 
as far as possible according to their nature (processes, resources, structure, or oth-
ers). Since the majority of these studies make no direct reference to the CSFs associ-
ated with sustainability, their determination was based on the analysis of the 
obstacles/barriers and challenges to the implementation of this dimension in HEIs. 
The main results obtained are presented in Table 2.

As main findings, we have identified more CSF for the implementation of sus-
tainability than for the implementation of TQM. For sure and analyzing Table 2, we 
were able to observe the perfect match or alignment between CSFs for the imple-
mentation of TQM and those for the implementation of sustainability.
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Table 1 Keywords/key expressions per CSF

CSF for TQM in 
HEI Keywords/key expressions

Leadership Commitment; top management; vision; mission; values; empower 
employees; employee participation in decision-making; clear 
communication to all employees

Vision Focus of employee in the future; leadership association to vision; can be 
seen in values, beliefs and business practices of HEIs; innovative approach 
determined by vision

Measurement and 
evaluation

Tools for determining quality of HEI performance; establish key 
performance indicators

Process control 
and improvement

Organizational structure; procedures; measurement; evaluation, control and 
improvement; done on a regular basis; process management; meet 
stakeholders’ demands

Program design 
and resources

Academic programs; interdisciplinary study fields; facilities required to 
perform research; development of curricula and programs

Quality system 
improvement

Quality assurance system; quality processes; instruments for improving the 
consistency of quality systems: process flow charts and quality criteria 
checklists

Employee 
involvement

Support and involvement of workforce; attitudes; quality culture; 
participation; teamwork and cross-functional interactions; social 
engagement and reinforcement; sense of belonging; knowledge of the value 
of the product/service

Recognition and 
reward

Reward as a mean of bolstering performance level

Education and 
training

Education and training; awareness; skill sets; financial resources; 
knowledge

Student focus Customer focus and satisfaction; recognition of students’ needs; 
complaints; course evaluations; club activities; alumni follow-ups

Other 
stakeholders’ 
focus

Demands and expectations; society; employees of HEIs; needs of 
stakeholders

Source: Own elaboration

5  Final Considerations

5.1  Discussion

It might seem at first sight that the themes of total quality management, higher edu-
cation, and sustainability have nothing in common or related. However, synergies 
are required in these areas. With this study and based on the studies of Bayraktar 
et al. [1], corroborated/validated by Nadim and Al-Hinai [2], we identified the align-
ment between the CSFs for the implementation of TQM and those for the imple-
mentation of sustainability in HEIs.

Sustainability is still a fresh political agenda according to Aleixo et al. [41], but 
it is also critical for all institutions to fulfill their responsibilities to create proactive 
interactions among institutions, agents, and people. To attain sustainability in HEIs, 

Critical Success Factors of TQM for Sustainability in Higher Education Institutions…



98

Table 2 CSF for TQM and sustainability

Higher education institutions
Critical success 
factors for TQM Critical success factors for sustainability

Leadership Support of top management, policymakers and administrators and 
empowerment; support from university leaders and policymakers

Education and 
training

Education and training and knowledge

Measurement and 
evaluation

Measurement instruments, monitoring and qualitative and quantitative 
performance indicators

Process control 
and improvement

Communication, more dialogue, making sure that the right people are at the 
table and that they are heard and find out what people are caring about; 
inefficient communication; long-term planning, systematization and 
continuity

Program design 
and resources

Organizational structure and workplace, fund-raising, financial resources 
and factors, investment in R&D and socioeconomic factors, 
interdisciplinarity of courses, programs and research; available resources; 
internal organizational structure

Quality system 
improvement

Enough time and starting on time and autonomy, positive image of the 
university and optimism, excellence and quality

Employee 
involvement

Personal strength and persistence, empowerment and confidence, 
dedication, engagement, awareness, interest and involvement, non-judging 
attitude, change resistance, increase of acceptance; education staff 
involvement; assumption of responsibilities

Recognition and 
reward

Stimulate positive feelings and sense of belonging; recognition

Vision Identification with goals, strategy with a goal and tangible objectives
Student focus Raising champions and attract students; student’s engagement in 

extracurricular activities
Other 
stakeholders’ 
focus

Needs of enterprises and labor market
Outcomes/benefits
Capacity building
Rigorous and consistent regulation and legislation; inconsistent institutional 
legislation and implementation; institutional framework for sustainability
Collaboration and networking
Social legitimacy; social, economic and political context of the country

Source: Own elaboration

the Sustainable Development Goals, according to Leal Filho et al. [42], may provide 
a chance to overcome challenges. Because of their function as centers of learning, 
innovation, and research, universities can now make a significant contribution to the 
sustainability challenge. Universities, on the other hand, can approach sustainability 
issues in a variety of ways, all of which should be clearly recognized in their strat-
egy [43].
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We consider that HEIs should take into consideration, in addition to their own 
ambitions and strategies in terms of quality and sustainability, also the alignment 
with the European university strategy published by the European Commission and 
the national strategy for higher education defined per country.

5.2  Conclusions

This study offers a list of CSFs based on studies and experiences in several countries 
with different realities and that could serve as guidelines for higher education insti-
tutions that are starting the process of integrating sustainability in their system, or 
for those that are looking for models and referential support from others to define 
the best approaches and practices.

We believe that the strong alignment that exists between the critical success fac-
tors for the implementation of TQM and sustainability will allow us to create a 
model that will help higher education institutions to more easily contribute to the 
SDGs that they consider strategic and to have a performance that will aim for excel-
lence in these dimensions. We aim with this chapter to contribute to the discussion 
that has been going on for at least two decades around the literature on sustainability 
and, more recently, the SDGs and the alignment to TQM approach.

5.3  Limitations to the Study and Future Research

The limitation of this study is the fact that it is only a theoretical contribution, which 
needs to be validated. Therefore, it is suggested that future research should validate 
this study by applying surveys or other tools that are considered more appropriate to 
obtain results that may corroborate the theoretical foundations described herein.

It is suggested in future studies to analyze the sustainability critical success fac-
tors that apparently have no relation with the CSFs of TQM implementation in order 
to assess the need to consider them as CSFs in TQM implementation, too. It can be 
done through analysis of the HEIs‘strategic documents, webpages, application of 
surveys, and other documentary information.

In order to confirm/corroborate the existence of common CSFs and their impor-
tance for the implementation of TQM and sustainability, and their contributions to 
the SDGs, identified through documentary analysis, it is suggested to apply surveys 
to the various stakeholders (internal and external) of higher education institutions.

Equally, as future research it is intended to understand how the TQM and sustain-
ability CSFs can relate to the SDGs and how HEIs can contribute to them in order 
to continuously improve toward sustainability.

Critical Success Factors of TQM for Sustainability in Higher Education Institutions…



100

References

1. Bayraktar, E., Tatoglu, E., & Zaim, S. (2008). An instrument for measuring the critical factors 
of TQM in Turkish higher education. Total Quality Management, 19(6), 551–574.

2. Nadim, Z. S., & Al-Hinai, A. H. (2016). Critical success factors of TQM in higher educa-
tion institutions context. International Journal of Applied Sciences and Management, 1(2), 
147–156.

3. Brookes, M., & Becket, N. (2007). Quality management in higher education: A review of 
international issues and practice. International Journal of Quality Standards, 1(1), 85–121.

4. Davim, J. P., & Filho, W. L. (2016). Challenges in higher education for sustainability. Springer 
International Publishing.

5. Galdeano, D., Ahmed, U., Fati, M., Rehan, R., & Ahmed, A. (2019). Financial performance 
and corporate social responsibility in the banking sector of Bahrain: Can engagement moder-
ate? Management Science Letters, 9(10), 1529–1542.

6. Salleh, M. I., Habidin, N. F., Noor, K. M., & Zakaria, S. Z. S. (2019). The development of 
higher education for sustainable development model (HESD): Critical success factors, ben-
efits, and challenges. International Journal of Academic Research in Progressive Education 
and Development, 8(4), 47–54.

7. Salleh, N. M., Zakuan, N., Ariff, M. S. M., Bahari, A. Z., Chin, T. A., Sulaiman, Z., … & 
Saman, M.  Z. M. (2018, November). Critical success factors of total quality management 
implementation in higher education institution: UTM case study. In AIP conference proceed-
ings, Vol. 2044, No. 1, p. 020007. AIP Publishing LLC.

8. Guilbault, M. (2018). Students as customers in higher education: The (controversial) debate 
needs to end. Journal of Retailing and Consumer Services, 40, 295–298.

9. Carvalho Pereira, M. A., & Terra Da Silva, M. (2003, April). A key question for higher educa-
tion: Who are the customers? In Annual conference of the production and operations manage-
ment society.

10. Reavill, L.  R. P. (1998). Quality assessment, total quality management and the stakehold-
ers in the UK higher education system. Managing Service Quality: An International Journal, 
8(1), 55–63.

11. Akinyele, S.  T. (2010). Customers: Identifying the needs in higher education. Educational 
Research, 1(7), 210–218.

12. Frazer, M. (1994). Quality in higher education: An international perspective. In D.  Green 
(Ed.), What is quality in higher education. SRHE and Open University Press.

13. Tambi, A. M. (2000). Total quality management in higher education: Modelling critical suc-
cess factors. Sheffield Hallam University.

14. Jamali, G., Ebrahimi, M., & Abbaszadeh, M. A. (2010). TQM implementation: an investiga-
tion of critical success factors. In 2010 international conference on education and manage-
ment technology, pp. 112–116. IEEE.

15. Ariff, M. S. M., Zaidin, N., & Sulong, N. (2007) Total quality management implementation in 
higher education: Concerns and challenges faced by the faculty. In 12th international confer-
ence on ISO 9000 & TQM. Republic of China.

16. Aquilani, B., Silvestri, C., Ruggieri, A., & Gatti, C. (2017). A systematic literature review 
on total quality management critical success factors and the identification of new avenues of 
research. The TQM Journal, 29(1), 184–213.

17. Aquilani, B., Silvestri, C., & Ruggieri, A. (2016). Sustainability, TQM and value co-creation 
processes: The role of critical success factors. Sustainability, 8(10), 995.

18. Isaksson, R. (2006). Total quality management for sustainable development: Process based 
system models. Business Process Management Journal, 12, 632–645.

19. Zink, K. J. (2007). From total quality management to corporate sustainability based on a stake-
holder management. Journal of Management History, 13, 394–401.

20. Edgeman, R. L. (2000). BEST business excellence: An expanded view. Measuring Business 
Excellence, 4, 15–17.

T. Nogueiro et al.



101

21. Pheng, L. S., & Teo, J. A. (2004). Implementing total quality management in construction 
firms. Journal of Management in Engineering, 20(1), 8–15.

22. Kehoe, D. K. (1996). The fundamentals of quality management. Chapman & Hall.
23. Waldman, D. A. (1994). The contributions of total quality management to a theory of work 

performance. Academy of Management Review, 19(4), 510–536.
24. Tsang, J. H. Y., & Antony, J. (2001). Total quality management in UK service organisations: 

Some key findings from a survey. Managing Service Quality, 11(2), 132–141.
25. Ugboro, I. O., & Obeng, K. (2000). Top management leadership, employee empowerment, job 

satisfaction, and customer satisfaction in TQM organizations: An empirical study. Journal of 
Quality Management, 5, 247–272.

26. Akins, E. E., Giddens, E., Glassmeyer, D., Gruss, A., Kalamas Hedden, M., Slinger-Friedman, 
V., & Weand, M. (2019). Sustainability education and organizational change: A critical case 
study of barriers and change drivers at a higher education institution. Sustainability, 11(2), 501.

27. Weiss, M., Barth, M., Wiek, A., & von Wehrden, H. (2021). Drivers and barriers of implement-
ing sustainability curricula in higher education-Assumptions and evidence. Higher Education 
Studies, 11(2), 42–64.

28. Bayraktar, E. (2006). Designing higher education institutions as service organizations: A 
process oriented approach. International Journal of Business, Management and Economics, 
2(5), 15–27.

29. GoÈzacËan, N.  B., & Ziarati, R. (2002). Developing quality criteria for application in the 
higher education sector in Turkey. Total Quality Management, 3(7), 913–926.

30. Behara, R. S., & Gunderson, D. E. (2001). Analysis of quality management practices in ser-
vices. International Journal of Quality and Reliability Management, 18(6), 584–604.

31. Zhang, Z. (2000). Implementation of total quality management, an empirical study of Chinese 
manufacturing firms (PhD theses). Faculty of Management and Organization of the University 
of Groningen.

32. Dale, B. G. (2003). Managing quality (4th ed.). Blackwell Publishing, Ltd.
33. Zhang, Z., Waszink, A., & Wijngaard, J. (2000). An instrument for measuring TQM implemen-

tation for Chinese manufacturing companies. International Journal of Quality & Reliability 
Management, 17(7), 730–755.

34. Sirvanci, M.  B. (2004). TQM implementation: Critical issues for TQM implementation in 
higher education. The TQM Magazine, 16(6), 382–386.

35. Aleixo, A. M., Leal, S., & Azeiteiro, U. M. (2018). Conceptualization of sustainable higher 
education institutions, roles, barriers, and challenges for sustainability: An exploratory study 
in Portugal. Journal of Cleaner Production, 172, 1664–1673.

36. Disterheft, A., Caeiro, S., Azeiteiro, U. M., & Leal Filho, W. (2015). Sustainable universities–
A study of critical success factors for participatory approaches. Journal of Cleaner Production, 
106, 11–21.

37. Larrán Jorge, M., Herrera Madueño, J., Calzado Cejas, M. Y., & Andrades Peña, F. J. (2015). 
An approach to the implementation of sustainability practices in Spanish universities. Journal 
of Cleaner Production, 106, 34–44.

38. Velazquez, L., Munguia, N., & Sanchez, M. (2005). Deterring sustainability in higher educa-
tion institutions: An appraisal of the factors which influence sustainability in higher education 
institutions. International Journal of Sustainability in Higher Education, 6(4), 383–391.

39. Verhulst, E., & Lambrechts, W. (2015). Fostering the incorporation of sustainable develop-
ment in higher education. Lessons learned from a change management perspective. Journal of 
Cleaner Production, 106, 189–204.

40. Blanco-Portela, N., R-Pertierra, L., Benayas, J., & Lozano, R. (2018). Sustainability lead-
ers’ perceptions on the drivers for and the barriers to the integration of sustainability in Latin 
American higher education institutions. Sustainability, 10(8), 2954.

41. Aleixo, A., Azeiteiro, U., & Leal, S. (2020). Are the sustainable development goals being 
implemented in the Portuguese higher education formative offer? International Journal of 
Sustainability in Higher Education, 21(2), 336–352.

Critical Success Factors of TQM for Sustainability in Higher Education Institutions…



102

42. Leal Filho, W., Azeiteiro, U., Alves, F., Pace, P., Mifsud, M., Brandli, L., Caeiro, S. S., & 
Disterheft, A. (2018). Reinvigorating the sustainable development research agenda: The role of 
the sustainable development goals (SDG). International Journal of Sustainable Development 
& World Ecology, 25(2), 131–142.

43. Sisto, R., Sica, E., & Cappelletti, G. M. (2020). Drafting the strategy for sustainability in uni-
versities: A backcasting approach. Sustainability, 12(10), 4288.

T. Nogueiro et al.



103

Customer Loyalty in Hospitality: Can 
the Quality Perception Be a Key Factor?

Mariana Inácio Marques , Ana Afonso Alcântara , 
Gabriel Guerreiro e Carreira, and João Caldeira Heitor 

Abstract This chapter aims to analyze the features related to the perception of 
service quality and understand whether they are somehow related to the customers’ 
loyalty. In fact, it is quite complex to analyze the quality of a service so broad such 
as hospitality, and sometimes the quality perception varies according to personal 
intrinsic aspects, which makes the evaluation a subjective process. Since quality 
perception is something complex and subjective, it is important to understand 
whether customer loyalty is related to the perception of the quality of the service 
they enjoy. For this study, we applied a questionnaire to the Estoril Coast hotel man-
agers since this is a region of a major importance for Portuguese tourism, and it is 
even considered an international brand. Questionnaires were also applied to tourists 
to better understand the demand behavior. Models of quality in services are also 
presented, some of them applied to hospitality. The analysis of the guests’ answers 
showed just a few claims to fulfill hotels’ questionnaires, so it is important to con-
sider other mechanisms for evaluating the service quality. In fact, this chapter helps 
to verify the existence of a relationship between the perception of quality in the 
hotel industry and guest loyalty and the finding can provide some inputs to hotel 
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managers and marketeers. The major results show that hotels recognize the impor-
tance of keeping customers loyal and that loyalty increases sales (90%), helps to get 
free advertising (80%), and importantly constantly improves service (70%).

Keywords Services · Hospitality · Quality · Loyalty

1  Introduction

This chapter aims to verify the existence of a relationship between the perception of 
quality in the hotel industry and guest loyalty.

The research question for the study was: “Does the quality provided during the 
hotel service influence customer loyalty?”

This is a current issue as companies increasingly must make an increased effort 
to please and retain their customers. This loyalty sometimes involves ensuring that 
the guest has a quality service that meets their needs and expectations. It should also 
be noted that new technologies and new media have made the tourist a more 
informed and, consequently, more demanding consumer. Hotels therefore must live 
up to the expectations of customers who expect differentiated treatment when using 
the service [8].

It is therefore important that the hospitality sector is aware of the aspects to 
which the customer gives importance when providing the service and that it studies 
ways to meet their expectations. However, it must be borne in mind that the cus-
tomer does not base his assessment of the service solely on the physical character-
istics of the hotels and their amenities. It remains an important aspect, but the 
customer gives more and more importance to the intangible aspects of the service, 
namely, the way they are treated and how they feel special. Thus, loyalty should be 
seen as a time horizon for building a long-term relationship, in which the consumer 
buys repeatedly and bases his decision on stimuli provided by the company [6]. 
Also, it should be noted that customers who are loyal to companies buy more prod-
ucts if there is an effective total quality management (TQM) approach [20].

Thus, the objective should be to maintain a long-term relationship while creating 
added value for the customer, which allows creating and preserving their loyalty [9].

The Estoril Coast was chosen within the scope of this work because it is a region 
whose hotel sector has an economic performance above the national average. In 
addition, it is a region that has seen great investment in the creation and improve-
ment of essential infrastructure for tourism. One cannot ignore the entire historical 
heritage of the region as it has been chosen as a royal seaside resort for years on end.

The motivation of this study is to try to understand whether the quality percep-
tion can be a key factor in customer loyalty and provide some inputs to hotel manag-
ers and marketeers on that theme.

In terms of structure, the chapter presents, in a first phase, a theoretical contextu-
alization, followed by the presentation and discussion of the results obtained in the 
applied surveys.
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2  Theoretical Background

2.1  Quality Perception in Hospitality

Luís Saias [16] states that quality management has been a concern since the second 
half of the twentieth century and led to the creation of total quality management 
(TQM), which consists of a control system for products at the exit of the factory or 
a line of production, thus avoiding that defective products are offered for sale and 
that, because they are not in good condition, the customer is dissatisfied with them. 
However, in services this quality is more difficult to guarantee. It is not enough to 
have the intention of offering quality customer service in the missions and objec-
tives of the company. To obtain results, these intentions must get off the ground and 
create a series of actions that ensure that the customer is satisfied. For this, they 
should start by ensuring good employees are in direct contact with the customer. In 
hospitality, it is necessary to ensure that employees adjust to what the customer is 
looking for at that moment. It is therefore necessary to pay special attention to the 
hiring process of employees, especially those who are in direct contact with the 
customer. The author warns that what the company defines as quality does not 
always match with the way the customer perceives it. So, there is a difference 
between having quality and appearing to have quality. In fact, the term quality can 
be consensually defined as what customers or consumers say is quality; in other 
words, it is not what the company thinks it is, but what the customer says it is, with 
an emphasis on customer opinion.

A quality management system is, then, the management practice within compa-
nies that translates into the involvement of all those who work in the organization 
who cooperate to provide products and services that meet the needs and expecta-
tions of customers [13]. In fact, according to Talapatra et  al. [21], management 
practices must involve employees in providing products and services to satisfy cus-
tomers’ needs and expectations. Also, employees must be trained on TQM to pre-
vent problems, and when they are listened, they feel empowered, perform better, 
and it reflects on the service they provide to the customer.

Being aware of the difficulty in defining quality in services, Parasuraman, 
Zeithaml, & Berry [12] carried out an exploratory investigation on this topic using 
interviews and focus groups and developed a model (SERVQUAL) in which they 
were able to identify gaps, that is, gaps between what marketers understand as qual-
ity and what consumers understand as quality. It is important to know these gaps to 
verify what can be done to deliver the service that the customer wants and that they 
perceive as having quality.

Five gaps were identified, as shown in Fig. 1, as follows:

• Gap 1: discrepancy between the customer’s expectation and what the service 
provider understands as the customer’s expectation.

• Gap 2: discrepancy between the provider’s understanding and the specifications 
it draws up to serve the customer.
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Fig. 1 SERVQUAL model gaps. ([12]:44)

• Gap 3: discrepancy between the specifications drawn up and the service provided.
• Gap 4: discrepancy between the service provided and communication with the 

customer.
• Gap 5: discrepancy between the expected service and the service provided to the 

customer.

This model provides important information to understand that the perception of 
quality is not a linear issue and that there are two important components to consider: 
the consumer and the service provider. By knowing the identified gaps, the provider 
will be able to outline more assertive strategies to minimize the damage of the iden-
tified discrepancies.

Babić-Hodović et al. [3] applied this SERVQUAL model to the perception of 
service quality in the hotel industry. For this purpose, they also refer to the 
SERVPERF model developed by Cronin and Taylor in 1992. For these authors, the 
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perceived quality of services precedes customer satisfaction, which influences pur-
chase intention. Therefore, the result (performance represented by satisfaction) is 
what really matters. Babić-Hodović et al. [3] present some models of quality previ-
ously studied by other authors and developed a study with the objective of investi-
gating the perception of the quality of service provided in hotels in Bosnia and 
Herzegovina. The results validate the SERVQUAL model. Respondents have high 
expectations regarding the service provided, mainly through previous experiences, 
word of mouth, and marketing strategies that allow for creating a positive reputa-
tion. It should be noted that this study proved that customer expectations are then 
exceeded as there is a commitment to creating a pleasant customer experience.

In terms of business survival in the services area, it is important to note that, 
increasingly, the businesses that last the longest are those that work on the relation-
ship with the customer, and this factor ends up becoming an important differentiat-
ing factor [10].

Regarding the hotel industry, it is a fact that the management and measurement 
of quality in hotels is quite complex as they provide more than one product to their 
guests, such as accommodation and food service, among others. It is therefore a 
constant challenge. One highlighted factor that facilitates the provision of a quality 
service concerns the hotel staff. In fact, there is a direct correlation between the 
performance of employees and the degree of customer satisfaction, and their provi-
sion is a factor that they evaluate when talking about perceived quality in relation to 
the service provided [23].

The complexity of quality management in the hotel sector leads to greater pres-
sure on human resources managers to find ways to enhance this relationship between 
employees and customers to make the experience quite pleasant. It is therefore nec-
essary to motivate employees so that they feel important and understand, in fact, 
their importance for the perception of the quality of the hotel they represent. One of 
the main sources of motivation for employees is the good atmosphere within the 
hotel, between employees and managers. One problem identified is the issue of 
employee turnover, and hotels must ensure that good employees do not want to 
leave. To this end, it is necessary to introduce motivational methods that enhance 
recognition, a sense of belonging and respect among all [2].

Is important for hotel management to improve internal service quality (ISQ) 
because this is a strategic tool to enhance operational efficiency in hospitality, so, a 
collaborative culture involving employees must be built [22].

2.2  Customers Loyalty

The concept of quality is, therefore, very complex as it varies a lot according to what 
each person believes and likes, whether a consumer or a service provider. Absolute 
quality does not exist; hence, it is very important to correctly segment the market to 
ensure that the characteristics of the product or service are as close as possible to 
what the segment understands as having quality. In this way, the service provider 
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can guarantee that the service meets what the consumer wants, needs, and likes, and 
even so, satisfaction of all those who enjoy the service or consume the product is not 
guaranteed [14].

We must speak about the perceived quality concept that influences the perceived 
price, so managers must be aware of customers’ quality perception and see it as a 
strategic targeting and positioning tool [18].

We cannot forget all the complexities of customer satisfaction these days, in 
which the use of the Internet predominates as a way of doing business. In fact, 
online businesses are more complex when it comes to understanding the satisfaction 
of their customers, given that it is more complicated to know the customer and there 
is no physical relationship with them, which can lead to a series of failures as some-
times the salesperson can physically adapt to the customer’s behavior and make a 
purchase. In the online environment, there is no possibility of immediately adapting 
to the customer, which often translates into a withdrawal from the purchase. Another 
problem that companies should be aware of is the fact that, in the online environ-
ment, it is more difficult to be aware of existing competitors [8].

In this context, it is also important to present the concept of loyalty. In fact, 
although it may seem synonymous with faithful, they are different notions, although 
directly related. Thus, loyalty implies intention and predisposition for the customer 
to buy, implying a repetition of the purchase behavior on the part of the consumer. 
It is, therefore, a conscious decision to continually buy the same brand [11].

According to Agudo et al. [1], tourists prefer to stay in a quality-certified hotel, 
and they are willing to pay more for it. So, this is important to tourists’ loyalty to 
hospitality.

In fact, in hospitality, regarding customer loyalty, priority should be given to 
reservations made by regular customers while at the same time facilitating their 
realization. In addition, a certain number and type of room must be reserved inter-
nally for this type of customer, meeting their preferences. Associated with customer 
loyalty will be their satisfaction. In this sense, managers should pay attention to the 
type of customers they want for their unit, avoiding, whenever possible, accepting 
all customers, bearing in mind that habits and tastes may not be compatible. Thus, 
managers should consider customer satisfaction and not just occupancy rates [4].

Saias [16] defines what can be considered financially as a loyal customer and the 
consequences that arise in terms of sales and profit. In fact, the following aspects 
can be mentioned:

 (i) Loyal customer allows repeat sales, that is, the loyal customer buys again, 
which means that each time he buys, the fixed cost of obtaining the customer 
will be progressively covered by the margin of the units sold.

 (ii) Cross-selling is nothing more than selling more products or services through 
the same distribution channel, adding value to the customer. Thus, a loyal cus-
tomer likes the company and is more open to trying other products or services 
from the company, rather than trying products or services from competing 
companies.

M. I. Marques et al.



109

 (iii) Loyal customers tend to be cheaper to serve because, with repeated purchases, 
they end up having progressively more dexterity in using the product or service.

 (iv) Loyal customers are easier to manage because the company knows them better 
and vice versa.

 (v) A loyal customer is less sensitive to price, which makes it more profitable in 
the medium to long term. In fact, normally the first time the company does 
business with the customer, the price is discussed, but then, if the service meets 
their expectations, they do not discuss prices again.

It is worth emphasizing that the influence of consumer satisfaction has certain 
outputs (effects) for the company and that consumer satisfaction leads to consumer 
loyalty and, the two together, can represent the company’s economic success. 
However, loyalty depends on the degree of satisfaction with the product/service [10].

In the online environment, online reviews are also important in the hotel evalua-
tion and in a long term it is a way to enhance loyalty. In fact, online we saw loyal 
customers speaking well about the hotel and recommend it [7]. Also, by creating an 
online relationship and a connection with the customer, it is easier to accomplish 
their loyalty [19]. According to Sharma et al. [17], the information technology used 
in hospitality such as hardware, software, and business analytics has the potential to 
satisfy customer needs and reinforce loyalty. So, it is important to think about these 
and use those tools.

3  Methodology

The study objectives were the 37 hotels on the Estoril Coast, regardless of star rat-
ing, distributed as shown in Fig. 2.

In terms of sample, a total of 20 responding hotels were obtained. This sample 
represents 68.9% of the universe, which means that it can be considered representa-
tive, since it presents more than 51% of responses [15].

It should be noted that the questionnaire was applied before the Covid-19 pan-
demic, in February 2017, and it was necessary to go in person to each hotel to guar-
antee answers since sending it by email was not very effective. The completion date 
of the application of the surveys was in December 2017.

2 stars: 
3 hotels

3 stars:
7 hotels

4 stars:
11 hotels

5 stars:
13 hotels

Total: 37  
hotels

Fig. 2 Study object. 
(Personal elaboration)
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Stage 1
• Literature review to better understand the theme.

Stage 2
• Surveys to hotels, first via email and later in person, ensuring a higher response rate.

Stage 3
• Online surveys to tourists. 

Stage 4
• Data analysis, with SPSS treatment, using a quantitative approach.

Analisys
• Results analysys and discussion reach conclusions.  

Fig. 3 Research methodology. (Personal elaboration)

The purpose of collecting these surveys was to understand the perception that 
hoteliers have of the importance of customer loyalty and verify how they work on 
this issue in their activity.

The methodology used was quantitative, in the form of statistics that allowed to 
draw conclusions from the responses to a survey applied to hotel directors (or some-
one on their behalf). For the statistical treatment, the SPSS program was used.

As a way of complementing the study, a brief survey was carried out among 
people who have the habit of traveling by asking about the collaboration of partici-
pants in travel groups on social networks. The survey carried out aimed to under-
stand the main aspects that make the customer perceive the service as a quality 
service and test, in a way, what makes the customer feel loyal to a hotel. It should 
be noted that 296 valid questionnaires were obtained in November 2019. In Fig. 3, 
the authors present a flow diagram with the research methodology.

4  Results

As can be seen in Table 1, it was found that the highest percentage of respondents 
(40%) are five-star hotels, followed by three stars (35%), four stars (20%), and two 
stars (5%).

As for the number of rooms, it appears that 35% of respondents have between 40 
and 80 rooms. However, there is also a significant percentage (25%) with more than 
120 rooms.

Regarding the number of employees in the sample, it was found that the answers 
are quite balanced, given that 25% have less than 20 employees, also 25% have 
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Table 1 Sample distribution: number of stars (personal elaboration)

Frequency Percent Valid percent Cumulative percent

Valid 2 stars 1 5.0 5.0 5.0
3 stars 7 35.0 35.0 40.0
4 stars 4 20.0 20.0 60.0
5 stars 8 40.0 40.0 100.0
Total 20 100.0 100.0

Fig. 4 Keeping customers loyal: scale. (Personal elaboration)

between 20 and 40, 25% more than 60, and only 20% have between 40 and 60 
employees. It should be noted that one hotel did not respond.

According to Fig.  4, when asked about the importance of keeping customers 
loyal, on a scale of 1–10 (in which 1 is “not at all important” and 10 is “very impor-
tant”), it was found that the minimum scale score was 8, with 65% of respondents 
saying to consider very important, thereby assigning the maximum on the scale.

Regarding the rate of customers who usually return to the hotel, it was found that 
in 55% of respondents this rate can be set between 30% and 60%, followed by a rate 
of less than 30%, corresponding to 35% of respondents, as we can see in Table 2.

Using a scale of 1–5 (in which 1 is “not at all important” and 5 is “very impor-
tant”), the following results were verified regarding how to maintain a relationship 
with customers and, in addition, retain them: 85% consider it “very important” to 
keep the website updated; 55% rate the use of social networks as “very important”; 
as for newsletters, 20% consider their use as “very important”; 45% classify the 
updating of databases as “very important”; 50% of respondents did not answer the 
question about the use of loyalty cards, but 25% classified it as “very important”; 
35% consider personalized offers “very important”; 65% of respondents rate the 
response to complaints as “very important”; 70% consider the analysis of satisfac-
tion surveys “very important”; and 65% consider it “very important” to train 
employees in direct contact with customers. These results can be seen in Fig. 5.
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Table 2 Rate of customers who usually return to the hotel (personal elaboration)

Frequency Percent Valid percent Cumulative percent

Valid Less than 30% 7 35.0 35.0 35.0
Between 30% and 60% 11 55.0 55.0 90.0
More than 60% 1 5.0 5.0 95.0
Don’t know 1 5.0 5.0 100.0
Total 20 100.0 100.0

Fig. 5 How to maintain a relationship with customers and retain them  – “very important.” 
(Personal elaboration)

When asked about whether they consider that there is a direct relationship 
between customer satisfaction and employee performance, it was found that all 
respondents (100%) consider that this relationship exists.

When asked about the existence of any customer satisfaction study, 95% said yes 
and only 5% said no. Regarding the way they study customer satisfaction, 80% use 
satisfaction surveys, 80% state they have a conversation with customers at checkout, 
and only one hotel reports having conversations with the customer during their stay.

About the advantages of having loyal customers, as we can see in Fig.  6 the 
results were as follows: 90% believe that having loyal customers increases sales; 
75% say that loyal customers do not allow them to reduce costs; 80% state that it 
allows them to get free advertising; 65% do not recognize that having loyal custom-
ers allows them to retain employees; 70% recognize the importance of loyal cus-
tomers to constantly improve the service; and one hotel claims that having loyal 
customers also allows them to predict long-term revenue.

Listening to the demand side, a survey was carried out with tourists, assessing 
some aspects related to their choices and preferences when choosing a hotel. We 
have 296 valid questionnaires, 82.1% female and 17.9% male. The majority (72.3%) 
work for someone.

As we can see in Fig. 7, 57.1% travel between 3 to 5 times a year.
76.4% say that the establishment’s classification is a major factor in decision- 

making (Fig. 8), with 76% of respondents favoring stays in three or four-star hotels 
(Fig. 9).
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Fig. 6 Major advantages of having loyal customers. (Personal elaboration)

Fig. 7 How many times do they travel a year? (Personal elaboration)

Fig. 8 Is the establishment’s classification a major factor in decision-making? (Personal 
elaboration)

Fig. 9 Preferences for accommodation. (Personal elaboration)
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Fig. 10 Sources of information that influence hotel choice. (Personal elaboration)

Fig. 11 Most valued aspects when choosing hotels. (Personal elaboration)

It should be noted that 23% of respondents have already stayed in hotels on the 
Estoril Coast.

It also should be noted that only 39.9% of respondents admit to answering satis-
faction surveys provided by hotels in their rooms.

As for the sources of information valued when looking for a hotel, as we can see 
in Fig. 10, it was found that the majority (71.3%) of the respondents give impor-
tance to comparative websites, to the hotel’s own website (54.1%), not neglecting 
the opinion of family and friends, which together make up 62.8%.

Only 32.1% say they have stayed in a hotel with a loyalty card or points system.
When asked about the aspects they give more importance to, when choosing a 

hotel, it was found that the top 5 of the preferences were, by attributed value, rate, 
location, comfort, hospitality, and facilities, according to Fig. 11.

Finally, the question regarding whether they consider that the quality of the ser-
vice provided influences their loyalty as customers, on a scale from 1 to 5 (in which 
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1 is “I do not agree at all” and 5 is “I totally agree”), 92% of respondents assigned 
“5” and the remaining 8% assigned “4” on the same scale.

5  Conclusion

This chapter reflects the main aspects related to the perception of quality in services 
such as hotels, as well as customer loyalty.

Thus, it is important to mention that there is a direct relationship between the 
quality of the product/service and customer satisfaction. In this sense, there are 
studies that state that quality is responsible for about 60% of changes in consumer 
attitude and loyalty, and the loyal consumer translates into higher income and con-
sequent growth margin for the company [5].

It is true that customer loyalty is closely linked to the quality they experience 
when using the service. Therefore, hotel managers should (i) dedicate more atten-
tion to getting to know their customers and (ii) provide a service of solid quality as 
this perception can influence the loyalty of their customers and boost a long-term 
relationship between the hotel and the guest.

Through the analysis of responses to guest surveys, it was found that few claim 
to respond to surveys, so it is particularly important to consider other mechanisms 
for measuring the quality of the service provided.

It should be noted, however, that hotels should not neglect the importance of the 
opinion of family and friends because, although importance is given to comparative 
websites and the hotel itself (mentioned by tourists as a channel considered and by 
hotel directors as a need to update constant), the truth is that the traditional channel 
continues to be a privileged source, hence the importance of an excellent service for 
recommendation.

Regarding loyalty cards or points system, it would be pertinent for hotels to com-
municate the existence of this tool, when it exists. However, in hotels that do not 
have this, it should be considered to create a points system to improve loyalty.

According to the results, the website is important for these issues. In fact, 54.1% 
of visitors assume that the website is an information source on the hotel choice and 
85% of the hotels in the sample consider it very important to have an updated web-
site to maintain a relationship with customers and even to retain them.

In what regards the last question related to the fact that the quality provided in the 
use of the service is considered to influence customer loyalty, the truth is that almost 
all respondents attributed the maximum rate on the defined scale, so hotels should 
keep in mind that, more important than attracting new customers, it is above all 
important to value each guest, providing them with the best possible service, since 
they can be loyal and also recommend the service to potential customers.

This study contributes to the existing literature because it allowed to respond to 
a research gap. In fact, there are some studies about loyalty and quality themes, but 
there is not one that clearly states a relationship between what visitors value in a 
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hotel and what makes them return and what hotels’ perspectives about quality 
should do to make tourists loyal.

As practical implications, this chapter provides some inputs to hotel managers 
and marketeers mostly about what visitors value in a hotel and what makes them 
return. So, they can improve on these aspects to try to improve customer loyalty and 
make better the hotel performance.

Regarding future line of research, it is suggested to deepen the study of aspects 
related to their quality and influence on the loyalty of customers who are staying in 
hotels of the sample at the time of the study.

As limitations, we can point out the representativeness of the data collected from 
the visitors’ side.
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The Role of Enabling Technologies 
from Industry 4.0 in the Formulation 
of Public Policies for Smart Cities

Pedro Henrique Souza da Silva, Marcelo Albuquerque de Oliveira , 
Gabriela de Mattos Verenoze , and Raimundo Kennedy Vieira 

Abstract Smart cities emerge as a viable solution for the design and management 
of urban centers increasingly concerned with issues related to improving sustain-
ability and resilience. The chapter seeks to enrich discussions on the subject of 
smart cities by carrying out a systematic review of the literature on the importance 
of enabling technologies of the Fourth Industrial Revolution for the formulation of 
public policies for smart cities. On the occasion, issues related to the advancement 
of enabling technologies for Industry 4.0 in Brazil and how these technologies are 
understood, from the point of view of their importance, by public agents responsible 
for formulating public policies for smart cities in the country, were addressed. As a 
result of the investigation, it became clear that, in the case of emerging countries, 
such as Brazil, the definition of objectives and approaches for the solution of urban 
problems that can be addressed through public policies based on technologies for 
smart cities must, above all, take into account the various human and environmental 
factors inherent to society, whose demands are intended to be met. In addition, the 
conscious action of public agents, mainly in the political sphere, can eventually 
contribute to the failure to conduct projects categorized in the literature as smart- 
washed cities.

Keywords Smart cities · Public policies · Enabling technologies

1  Introduction

To increase the competitiveness of the German manufacturing industry, representa-
tives of commerce, politics, and academia created the Industry 4.0 initiative in 2011. 
Supported by the German federal government, Industry 4.0 became part of the 
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High-Tech Strategy for Germany 2020  in the year 2012. In summary, the main 
objective of the program was to make Germany the main provider of scientific and 
technological solutions in the areas of climate, energy, health, nutrition, mobility, 
security, and communication. In 2013, the Industry 4.0 Working Group published 
its final report, where it discussed the first application in the field of Industry 4.0, 
which consisted of adopting a totally new approach to production and manufactur-
ing processes, through the implementation of smart factories [1, 2].

Although it has its origins in the German productive systems, Industry 4.0 soon 
caught the attention of other developed nations around the world due to its strong 
potential for accelerating economic growth. As the Fourth Industrial Revolution, 
Industry 4.0 is based on three main aspects, namely, (1) digitization and greater 
integration of horizontal and vertical value chains; (2) digitization of the offer of 
products and services; and (3) introduction of innovative digital business models 
[3]. In the Fourth Industrial Revolution, the ability to spread digitalization and 
information technology are common features among technological innovations that 
integrate the physical, digital, and biological worlds [4].

According to the report released by the Global Agenda Council of the World 
Economic Forum in October 2015, the Fourth Industrial Revolution is a phenome-
non of unprecedented scales in human history. International organizations, such as 
the World Economic Forum, believe that the Fourth Industrial Revolution is the 
result of the joint action of a network of smart cities, countries, and regional clusters 
that guide their efforts to guarantee the wide access and use of communication and 
information technologies [4].

Based on what has been exposed so far, this chapter aims to enrich discussions 
on the topic of smart cities through the analysis of cases of implementation of public 
policies based on the application of technologies that facilitate the Fourth Industrial 
Revolution as fundamental elements for the advancement of projects of smart cities. 
In addition, the chapter also seeks to contribute to the advancement of projects 
underway in Brazil by evaluating the importance of enabling technologies of the 
Fourth Industrial Revolution from the expectations and perceptions of the Brazilian 
public sector. To fulfill these objectives, the chapter will carry out a systematic lit-
erature review to provide answers to the following research questions:

 1. What are the enabling technologies of Industry 4.0?
 2. How are these technologies perceived by the Brazilian public sector?
 3. What is the contribution of these technologies to the elaboration of public poli-

cies aimed at the development of smart cities?

The chapter is organized as follows: Sect. 2 presents the theoretical framework; 
Sect. 3 presents the methodology used in the systematic literature review; Sect. 4 
presents the results of the research, as well as the discussions derived from the 
analyses carried out; and Sect. 5 concludes the work, including proposals for future 
work on the topic of smart cities.
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2  Background

2.1  Enabling Technologies of Industry 4.0

According to [4, 5], Industry 4.0 is based on intelligent production achieved by 
reducing sensor prices, the ubiquity of the Internet, and advances in the field of 
artificial intelligence and machine learning [1, 6]. agree that Industry 4.0 is a goal to 
be achieved by consolidating different digital-based technologies. The set of distinct 
technologies that make up Industry 4.0 can vary according to the perception of each 
analyst. However, based on [6], the most relevant technologies are sensors and actu-
ators, the Internet of Things, Big Data, and computing [1] states that the technolo-
gies that constitute Industry 4.0 comprise cyber-physical systems, cloud systems, 
machine-to-machine communication, smart factories, augmented reality and simu-
lation, data mining, the Internet of Things, resource planning systems, enterprise 
and business intelligence, and virtual manufacturing.

For [7], the technological factors that lead to Industry 4.0 are Big Data, cloud 
computing, Internet of Services, Internet of Things, cyber-physical systems, and 
three-dimensional printing technologies [8] concluded that the essential elements of 
Industry 4.0 are cyber-physical systems, additive manufacturing, virtual and aug-
mented reality, cloud computing, Big Data analytics, and data science [9] assumes 
that the nine technological advances that stimulate Industry 4.0 are autonomous 
robots, augmented reality, Big Data, data analysis, additive manufacturing, indus-
trial Internet of Things, horizontal and vertical systems integration, cloud comput-
ing, simulation, and cybersecurity.

Da Costa et al. [10] conclude that the Internet of Things and cyber-physical sys-
tems are the true technological pillars behind Industry 4.0. For them, simulation, 
virtualization, and cloud computing are directly linked to the development of cyber- 
physical systems, while the Internet of Things would be the basic architecture for 
digitization, Big Data, real-time systems, and other information and communication 
technologies [11] proposed that the constituent technologies of Industry 4.0 are 
divided into technology base layers and application interface layers. According to 
them, the technological base layer would have the Internet of Things, Big Data, 
cloud computing, and data analysis. The application interface layer includes smart 
production, smart products, smart work, and smart supply chain.

Guimarães and Sant’Anna [5] states that Industry 4.0 is a productive logic that 
contributes to increased productivity through the incorporation of information and 
communication technologies in production processes [1] understands Industry 4.0 
as a philosophical transformation of society. When evaluated from a broader per-
spective, Industry 4.0 takes on the contours of the Fourth Industrial Revolution, that 
is, a movement that aims at the philosophical transformation of both the industrial 
environment and the social environment [1–5].

In this sense, [1] emphasizes that discussions related to Industry 4.0 should not 
be limited to the industrial scope since there is also ongoing research outside the 
factory domain. As suggested by [12], Industry 4.0 is a topic of global relevance that 
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also needs to be monitored by Brazil as the subject gains more and more promi-
nence due to productivity gains and the opening of new fronts of economic and 
social development through the integration of technologies and knowledge previ-
ously restricted to factories.

2.2  Industry 4.0 from the Brazilian Public Sector Perspective

Comparing the industry revitalization policies of Germany, China, and the United 
States through Industry 4.0, [13] highlighted the importance of the State in indus-
trial renewal since it is the government that provides the economic agents necessary 
for the creation of favorable environments for the implementation of Industry 4.0. 
The authors state that this environment is provided by open and democratic societ-
ies that have advanced national innovation systems, mechanisms for technological 
diffusion, satisfactory transport and communication infrastructure, free and com-
petitive markets, and regulatory frameworks.

Industry 4.0 is perceived by [6] as a set of digitally based technologies aimed at 
the development of industrial production led by the United States, Germany, and 
China that vie for world leadership, with regard to the modernization of industry 
and production enhancement through support programs such as the Advanced 
Manufacturing Partnership (AMP), Industrie 4.0, and Made in China [5, 6]. For 
[12], Brazil must follow the development of Industry 4.0 so as not to be left behind 
in the race for innovation.

However, [5] highlights the lack of a sense of urgency and the late and timid 
nature of government actions undertaken by Brazil, with regard to the creation of a 
favorable environment for the dissemination of Industry 4.0. In this sense, they also 
state that there are no concrete initiatives aimed at building a regulatory framework 
that encourages the development of Industry 4.0. In addition, the authors emphasize 
the Brazilian deficiency with regard to planning, resource allocation, and execution 
of strategic programs and public policies for regional development with a focus on 
Industry 4.0.

Even so, [5] states that the number of national initiatives aimed at developing 
Industry 4.0 is not very distant from those carried out by other countries. According 
to them, these actions have their origin in initiatives conducted by universities, 
research institutes, S System, and industry federations, which aim at the develop-
ment of laboratories, research projects, and the construction of intellectual capital. 
Nevertheless, [6] adds the efforts undertaken by public institutions in general, busi-
ness entities, and development agencies that have implemented actions and public 
policy proposals for Industry 4.0.

Lima and Russo [12] highlights the work of the former Ministry of Science, 
Technology, Innovation and Communication (current Ministry of Science, 
Technology, and Innovation), the Brazilian Agency for Industrial Development, the 
National Confederation of Industry, and the National Service for Industrial Learning 
in the development of public policies and strategic actions for Industry 4.0.
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According to [5], incentive actions coordinated by the Brazilian government and 
made possible through modern regulatory frameworks, public policies, and pur-
chases would have the potential to create the necessary environment for innovation. 
In the view of [12, 13], the social and economic effects of an innovative environ-
ment are undeniable. According to them, economic growth in the most developed 
countries is favored by the prioritization of innovation, a fact that can be proven by 
the existence of several public policies that stimulate innovation in the productive 
sectors, education institutions, science and technology, and in society as a whole.

Oztemel and Gursev [1] cites as advantages of the transformation derived from 
the implementation of Industry 4.0 the development of increasingly customized 
products, faster production, improvement in innovation capacity, productivity gains, 
greater flexibility, cost reduction, decision-making real-time and knowledge-based 
impartiality, ease of diagnosis of multifunctional systems, greater capacity for self- 
awareness and maintenance of systems, contributions to the national economy, 
increase in electronic commerce, ease of access to personal information, easier 
access to public services, and the development of smart and remotely controlled 
cities, buildings, and factories.

3  Methodology

The systematic review described by [14] is an efficient and high-quality method 
available for the evaluation of extensive literature, being comprehensive and unbi-
ased. The method initially consists of defining the keywords and terms that will 
guide the construction of the search strings. Next, the research strategy must be 
carefully detailed so that it can be replicated when necessary.

In these terms, the search should only return works that meet all the inclusion 
criteria and that do not present any of the exclusion criteria. The method presup-
poses ensuring that relevant and high-quality sources are obtained, which must be 
retrieved later when reading the full articles and choosing those that will be part of 
the systematic review. However, the number of works included and excluded in each 
step and the reasons that led to the exclusions must be recorded in the research 
protocol.

As explained by [14, 15], the systematic review of the literature is a scientific, 
replicable, and transparent process that aims to minimize biases by carrying out 
exhaustive searches in published and unpublished literature and offering traceability 
to reviewers.

To carry out this research, three sets of keywords were initially defined, as 
described in Fig. 1, to guide the searches for scientific articles in the Scopus and 
Web of Science databases.

The search strings were assembled by combining the keywords described in the 
first set, which corresponds to a list of terms that refer to the importance of enabling 
technologies in Industry 4.0, together with the keywords of the second and third 
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Fig. 1 Keywords sets

Fig. 2 Selection and election of articles in the Scopus database

sets, which correspond to the terms that refer to the application of these technolo-
gies in the context of the formulation of public policies for smart cities.

The use of Scopus and Web of Science as sources of bibliographic references of 
good quality, relevance, and consistency for formatting the systematic literature 
review was based on the work developed by [16], so that the selection of these data-
bases to carry out the research in question considered characteristics such as focus, 
scope, coverage period, and database update, in addition to factors related to the 
usability of each system and the offering of citation analysis.

At first, we carried out searches in the Scopus database in order to select scien-
tific articles published in journals, in the last 5  years, written in English, duly 
reviewed by peers and that showed themselves to be adherent to the research topic. 
As shown in Fig. 2, the search carried out in Scopus returned 247 records in the first 
stage of the review. Then, in the step, 10 articles were selected, after reading the 
titles. Finally, eight articles were approved for systematic review, after reading the 
abstracts.

In a second moment, the research focused on the search for bibliographic refer-
ences in the Web of Science database using the same combinations of keywords 
used in the research carried out in Scopus. Thus, Fig. 3 illustrates that the search in 
the Web of Science database returned 475 records. Subsequently, 10 articles were 
selected based on the reading of their titles, which resulted in the selection of 2 
articles, considering that the remaining 8 articles were previously found in the 
search carried out in the Scopus database.
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Fig. 3 Selection and election of articles in the Web of Science database

The complete reading of the 10 articles selected from the reading of their titles 
and abstracts confirmed the relevance of all records for the conduct of this research 
so that all were considered for the systematic review of the literature.

4  Analysis and Discussion

Through document analysis [17], investigated age-friendly smart city initiatives at 
local, regional, and national levels, delving deeper into the study of the characteris-
tics of smart city initiatives in Romania and concluding that the current smart city 
concept in the country is restricted to prioritizing improvements in infrastructure 
and sustainability, to the detriment of long-term public policies for the exploitation 
of technologies such as the Internet of Things and sensors in the collection of public 
and private data with potential use in the development of more efficient and intelli-
gent services.

As a product of their research [18], proposed an adaptable system for the man-
agement of public policy measures for the development of smart cities, mainly con-
sidering the human point of view with regard to the challenges of the political sphere 
and the principles of smart governance such as the active participation of citizens 
and stakeholder involvement.

When analyzing technological trends and discussing the challenges related to 
cybersecurity, cyber privacy, and investments in infrastructure, then, public and pri-
vate policy targets concerning smart city projects [19], highlights that smart city 
engineers and developers should also pay attention to the benefits and risks associ-
ated with the adoption of intelligent systems. For the authors, the smart city is not 
just a favorable environment for technological development and economic growth. 
Before that, the smart city must have humanistic, environmentally friendly, and liv-
able characteristics.

Research conducted by [20] investigated the relationship between public policies 
for the development of smart cities and the total productivity of urban green factors. 
In the case in question, data corresponding to the years 2007–2016 were evaluated, 
obtained from statistical panels of 200 Chinese cities. The results suggest that the 
expansion and integration of communication technologies and the Internet of Things 
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contribute to intelligence gains in the transport, energy, resource allocation, and 
waste disposal sectors. For the authors, the smart city presents itself as a new stan-
dard for urban development by establishing operational command centers and 
employing Internet of Things technologies in information collection and data analy-
sis, so that green concepts and advanced technology are always in harmony and 
duly integrated into urban planning guidelines.

The investigation conducted by [21] focused on discussing how Big Data strate-
gies help society and government to deliver public services and produce increas-
ingly responsive, accountable, transparent, and citizen-centered public policies. The 
effectiveness of evidence-driven public policymaking is demonstrated through the 
analysis of cases of application of Big Data technologies by government agencies in 
the United States, China, the United Kingdom, and India working on fraud detec-
tion, crime-fighting, market analysis finance, government oversight, public health, 
public education, environmental protection, ecosystem management, energy explo-
ration, agriculture, and weather forecasting. In addition, the research also identified 
Big Data applications focused on government and public policy and others focused 
on citizens and smart cities located in North America (Canada), Asia (Singapore, 
China, Korea, India, and Japan), and Europe (the United Kingdom).

The case study conducted by [22] assessed the state of smart city policies based 
on innovative technologies conducted by developing countries and concluded, 
through the analysis of the new Administrative Capital Policy underway in Egypt 
since 2015, that smart cities are characterized, above all, by the dichotomy between 
objectives and development approaches, when evaluated from the perspective of 
spatial strategies.

Assuming the perspective of public policies [23], examined how smart city ini-
tiatives overlap with priority issues consolidated, for example, in the social commit-
ments assumed by the United Nations, when proposing the 2030 Agenda and the 
New Urban Agenda. In addition, the research considered primary data from Ghana, 
India, Indonesia, and the United Arab Emirates to formulate a typology of categori-
zation of smart city projects in the political context in order to contribute to the 
formulation of multilayered public policies based on solidarity models of social and 
economic responsibility between citizens, companies, and government.

By employing data mining techniques in the evaluation of terms with the highest 
incidence in the literature concerning smart cities and sustainable cities, Gonçalves 
et al. [24] concluded that the Fourth Industrial Revolution will have a significant 
impact on determinants of the success of cities in achieving their ideals of sustain-
ability. Among these factors, the generation of employment, industry, innovation, 
preservation of the environment, community involvement, and accessibility stands 
out. In addition, Big Data, artificial intelligence, augmented reality, and simulation 
emerge as technologies capable of helping public policymakers, even if they bring 
with them positive and negative externalities.

With the objective of identifying the main technologies that are necessary for the 
construction of smart cities [25], analyzed an electronic platform that optimizes the 
allocation of resources and the provision of services to citizens, through the use of 
communication technologies and information, such as Big Data, cloud computing, 
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artificial intelligence, the Internet of Things, virtual reality, augmented reality, and 
5G mobile communication. The study showed that solving urbanization problems is 
directly related to the ability to process intra-municipal information in real time.

In addition, the deployment of the smart city platform significantly contributes to 
improving the security of society. It was also concluded that the design and con-
struction of smart cities must consider regional characteristics in the design of the 
specialized system. Furthermore, it was found that smart cities constitute two-way 
cooperation systems, in which the government and citizens participate in the opera-
tionalization of the city, making it clear that the active use of communication and 
information technologies can solve urban problems by predicting the demands of 
the city and society, effectively reducing the costs of public policies.

Mills et al. [26] explored the dynamics of the evidence-based decision-making 
process in the context of public policies for smart cities in order to verify whether 
the theoretical concepts described in the literature and the practice experienced in 
cities actually contribute to the expansion of relative knowledge of evidence-based 
decision-making in the public sector. Conclusively, the study found benefits to the 
decision-making process when supported by Big Data-based approaches.

However, problems and challenges related to inadequate collaborative decision- 
making, disregard of evidence in favor of the application of Big Data, controversial 
decision-making by artificial intelligence agents, and confusion and poor under-
standing of the concept of decision-making based on evidence when applied to the 
context of smart cities.

5  Conclusions

The Fourth Industrial Revolution, in principle, presents itself as a response of global 
companies to the problems and challenges related to the aging of the population in 
developed countries, reduction of the workforce, increase in operating costs, 
decrease in the life cycle of products and services, and rapid changes in market 
demands [13].

However, this phenomenon is not restricted to the industrial environment since 
changes in social demands and technological developments are factors that trigger 
significant changes in other dimensions of social dynamics as they bring with them 
new problems and challenges for increasingly overburdened urban centers and busy 
with the achievement of their ideals of sustainability that, not infrequently, are 
opposed to the choice of the correct approaches to the solution of their problems 
[23, 24].

In a scenario of sudden changes and great pressures, the key to meeting social 
demands seems to depend directly on the ability of municipalities to process pub-
lic and private information in real time [25]. In this scenario, smart cities present 
themselves as a paradigm shift when compared to traditional city models by 
employing sensors, the Internet of Things, Big Data, cloud computing, and artifi-
cial intelligence as technological solutions in the design and offering of a more 
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efficient smart public services, being flexible, accountable, transparent, and citi-
zen-oriented [17–21].

Despite this, the experience recorded in the literature shows that it is foolhardy 
to guide the formulation or reformulation of public policies for smart cities solely 
on the implementation of technological solutions, without taking into account the 
particular characteristics of each of the stakeholders, with special emphasis on 
human factors and environmental issues involved [19, 21, 25]. In this sense, the 
proposition of long-term public policies for smart cities should emphasize a two- 
way approach to the governance of urban centers, with the participation of govern-
ment representatives and citizens in the establishment of resource allocation 
priorities [5, 20, 25].

In emerging countries, such as Brazil, the reflection on the identification of 
objectives and selection of the correct approach to face the challenges must be pri-
oritized, without prejudice to the increase of investments in the field of enabling 
technologies of Industry 4.0, whose dimensions, in scale and scope, must be duly 
clear, with regard to their importance, for the stakeholders responsible for the for-
mulation of public policies for smart cities, above all, for those who participate in 
the discussions in the political sphere that, by definition, should protect public 
resources from improper application in smart-washed cities projects that only offer 
superficial solutions to urban problems [26].
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on Sustainable Performance: An Empirical 
Study on the Bangladeshi Garment 
Industry

Palash Saha, Subrata Talapatra, José Carlos Sá, and Gilberto Santos

Abstract The purpose of this research is to analyze the structural relationship 
between total quality management (TQM), Industry 4.0 (I4.0), and sustainability 
performance in the ready-made garments (RMG) sector of Bangladesh. An online 
survey was used to collect data from 240 employees working in ready-made gar-
ments located in Bangladesh. The data was analyzed employing structural equation 
modeling (SEM) to determine whether TQM practices and I4.0 technologies 
increase organizational sustainability performance. The findings indicate that both 
TQM and I4.0 positively contribute to increasing sustainability performance. 
Additionally, I4.0 technologies also positively contribute to a successful TQM 
implementation. This research presents a research framework for other manufactur-
ing sectors where TQM approaches and I4.0 technologies can be implemented. This 
work makes a significant addition by addressing inadequacies in the existing litera-
ture. Very few empirical studies were conducted to examine the probable relation-
ship between TQM, I4.0, and sustainability performance in the RMG sector, 
particularly in developing nations such as Bangladesh, where TQM and I4.0 adapta-
tion are still in their early phases.
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1  Introduction

In today’s age, our world is experiencing sustainability difficulties in all three 
dimensions: economic, environmental, and social [1]. Unfortunately, over 1 billion 
people are living in extreme poverty, and economic disparity is increasing. The 
escalation of the problem is mostly due to unsustainable consumption and produc-
tion, which is causing major socioeconomic crises and posing a threat to life on 
earth [2]. Greater customer demand leads to higher items’ manufacture, which leads 
to increased production and output. This system is likely to create severe ecological 
damage, primarily through the use of nonrenewable inputs, as well as faster, non-
sustainable consumption; and as a result of higher manufacturing emissions and 
improper disposal of life products [3]. The only way to solve these issues is to fol-
low the road of sustainable improvement [4]. The goal of achieving sustainable 
performance in businesses is to decrease the negative impact that production, ser-
vices, and logistics have on the ecosystem [5]. Bangladesh has indeed risen to the 
top of global apparel manufacturing. To gain business competitive advantages over 
competitors and decrease the negative impact of production and logistics on the 
ecosystem by obtaining sustainability, Bangladeshi garment authorities should take 
into consideration the impact of total quality management (TQM) and Industry 4.0 
(I4.0) implementation. Depending on the market scenario, the research on the 
impact of TQM and I4.0 technologies on the sustainability performance in the 
Bangladeshi ready-made garments (RMG) industry has become critical as it would 
make it easier for the garment authorities to take decisions regarding TQM and I4.0 
implementation. This is the key motivation for this research.

Previously, researchers had provided the theoretical framework of the impact of 
TQM and I4.0 technologies on sustainability performance separately [6, 7]. But no 
single study has integrated these two approaches empirically yet with respect to 
sustainability performance. Therefore, no single study has investigated the relation-
ship of TQM, I4.0, and sustainability performance in developing countries like 
Bangladesh. As a result, in order to fill these research gaps, this study aims to answer 
the following research questions:

RQ1: What are the distinct impacts of TQM and I4.0 on sustainable performance?
RQ2: What is the impact of I4.0 technologies on TQM implementation?

This study developed a theoretical model to answer these research questions. Then 
to answer these research questions, this study formulates research hypotheses that are 
then tested with survey data collected from the garment industries located in Bangladesh 
using the partial least–square structural equation modeling (PLS- SEM) technique.

The remainder of the chapter is organized as follows. Section 2 presents a brief 
discussion of the theoretical background. Section 3 presents the theoretical model 
and hypothesis development to answer the research questions. Sections 4 and 5 
present research methodology and data analysis using structural equation modeling 
(SEM). Then Sect. 6 presents the findings of this empirical research. Finally, theo-
retical and practical implications of this study, limitations, and future scopes are 
also presented.
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2  Literature Review

2.1  TQM and Sustainability Performance

There are very few studies that empirically investigated the relationship between 
TQM and sustainability performance; here, the number of studies investigating the 
relationship between TQM and organizational performance or operational perfor-
mance is widespread [8]. However, while many pieces of research have found a 
substantial impact of TQM on organizational performance [9], other studies have 
not found any such impact [10, 11]. In addition, Soltani et al. [12] suggested any 
noticeable results have not been gained through TQM in most organizations. 
Furthermore, some studies have investigated the relationship between TQM and 
sustainable performance. Most of these studies found that TQM has a substantial 
and positive impact on the sustainable performance of an organization [13]. 
According to Androwis et al. [14], TQM procedures are the most effective approach 
to enhance organizational performance across competitive advantage dimensions, 
including development, delivery and lead time, cost, and pricing. As a result of these 
improved competitive advantages, optimal sustainability performance may be 
achieved. On the other hand, Tasleem et al. [6] suggested that TQM does not only 
positively impact sustainable performance but also helps to improve each dimen-
sion of sustainable performance (economic, social, and environmental). Despite 
some varying results on the impact of TQM’s key enabling factors on organizational 
performance and a paucity of research on TQM and sustainability performance, 
available literature suggests that TQM application adoption can positively affect 
sustainability performance [13]. Now, on the basis of the above arguments of TQM 
and sustainable performance, the next hypothesis is proposed:

H1: TQM positively impacts sustainable performance.

2.2  Industry 4.0 and Sustainability Performance

A few studies focused on the relationship between Industry 4.0 technologies and 
sustainability performance, namely, with respect to social, economic, and envi-
ronmental perspectives [15]. Most of these studies provide insight into the effect 
of Industry 4.0 technologies on the sustainable development of any organization 
[16, 17]. Some of these studies have conceptualized specific industrial sustain-
ability challenges, such as the circular economy [18]. In addition, some of these 
studies emphasize the relevance of sociotechnical factors for technology 
 deployment in order to improve organizational sustainability [19]. Overall, most 
of the researchers are trying to explore the potential positive impact of Industry 
4.0 technologies on the sustainable performance of an organization [20]; envi-
ronmental sustainability can be improved by integrating the Industry 4.0 tech-
nologies and Sustainable Development Goals by providing ecological assistance 
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that ensures excellent environmental performance with a greater positive effect 
than previously achieved. Haseeb et al. [21] suggested that Industry 4.0 plays a 
key role in the growth of sustainability. In addition, Kamble et al. [22] estab-
lished that Industry 4.0 has a direct influence on organizations’ sustainability, 
affecting all the economic, environmental, and social pillars. However, several 
studies bring significant concerns about the possible negative effects of Industry 
4.0 on each of the sustainability pillars [17]. Some experts, for example, have 
raised concerns about the effect of Industry 4.0 adoption on social factors such 
as employment availability and work, health, and safety of employees [23, 24]. 
In summary, despite having some anomalies, Industry 4.0 technologies are likely 
to have a substantial impact on the sustainability performance of an organization 
[22, 25]. Now, based on the above about Industry 4.0 and sustainability perfor-
mance, the following hypothesis is stated:

H2: Industry 4.0 positively impacts sustainability performance.

2.3  Industry 4.0 in TQM Implementation

Industry 4.0 has the ability to impact the best practices for applying total quality 
management concepts [26]. Following the ISO 9001:2015 model, the TQM prac-
tices are customer focus, leadership, engagement of people, process approach, 
improvement, evidence-based decision-making, and relationship management. 
Asif [27] suggested that in order to have a successful TQM principles implemen-
tation a business organization should focus on developing the integration of 
working personnel with I4.0 and using real-time control techniques. Illés et al. 
[28] emphasized how thanks to I4.0 technologies it is now feasible to obtain data 
for quality that was unattainable earlier. According to the authors, the difficulty 
is determining where, how, and what to gather, as well as how to evaluate the 
resulting massive data. Durana et al. [29] looked at how traditional TQM prin-
ciples must adapt to I4.0 developments and challenges. The adoption of I4.0 and 
quality management, according to the authors, is strongly linked to the creation 
of a quality culture instead of a purely technological aspect. Along with high-
lighting the opportunities provided by I4.0, Zhou et al. [30] highlighted the con-
texts where the purpose of the TQM principles cannot be completely served by 
I4.0 adaptation for various challenges and complications of Industry 4.0. In sum-
mary, despite a paucity of studies on the impact of Industry 4.0 on TQM imple-
mentation and having some difficulties, Industry 4.0 plays a significant role in a 
successful TQM implementation [31, 32]. Now, based on the above discussions 
of Industry 4.0 and successful TQM implementation, the following hypothesis 
can be stated:

H3: Industry 4.0 has a positive impact on TQM implementation.

The three hypotheses in respect of TQM, sustainability performance, and 
Industry 4.0 are shown in Fig. 1.
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Fig. 1 The proposed research framework

3  Research Design

This empirical study was conducted using a questionnaire survey as a tool. The 
questionnaire was divided into four main parts. The first part contained general 
demographic pieces of information regarding respondents and their related indus-
tries. Four items (age, gender, designation, and the number of employees in the 
industry) were included in the demographic information section. The second part 
included information on Industry 4.0 technologies in use in the industry. The third 
and last parts were designed on required information about the TQM practices in 
use in the firm and the current status of the industry’s sustainable performance, 
respectively. For all of the questions, respondents were requested to express their 
perceivable perspective on a five-point Likert scale, ranging from “1” (strongly dis-
agree) to “5” (strongly agree).

Measurement of items of different variables was adapted from previous pieces of 
literature. TQM measurement items were adapted from Abbas [13] and Talapatra 
et al., [33]. Industry 4.0 measurement items were adapted from Machado et al. [15] 
and Bibby e Dehe [34]. Six items were used as sustainability performance indica-
tors regarding social, economic, and environmental performance. These were 
adapted from Tasleem et al. [6] and Abbas [13]. A list of a total of 19 measured 
items was set for this study.

Bangladeshi ready-made garments (RMG) industries are the total population for 
this empirical study. Bangladesh has around 5000 export-oriented garments indus-
tries at the moment [35]. Taro Yamane [36] formula was used to calculate the sam-
ple size for this study. According to the calculations, a sample size of 355 is required 
to obtain a 95% confidence level. In recent literature, however, a sample size of 150 
was shown to be sufficient in different fields of operations management [37]. The 
data was collected using random sampling techniques from various organizations 
across the country. Due to the Covid-19 pandemic, only electronic-based survey 
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modes were applied to collect the required data. The data was acquired through 
email and phone calls. Don A. Dillman [38] method was used during the data col-
lection process. Data was collected by sending out questionnaires to 600 employees 
who work in different departments of RMG industries, including production plan-
ning and control, human resource management, and marketing department. After 
2 months, 220 complete and legible responses were selected for further study, with 
a 36.67% reply rate; hence, the response rate is acceptable and akin to other studies 
regarding the operations management field [39]. Therefore, the gathered responses 
can readily be used to test the hypothesis of this research [3]. The demographic 
information of the respondents, along with the response rate of each category, is 
shown in Table 1.

Every respondent’s reply was sorted by receipt date and separated into early and 
late response sample groups. The t-test was performed to examine the statistical 
difference between early and late replies to see any nonresponse bias in the data [3]. 
The difference between the two response groups was measured using the wave anal-
ysis approach. On two sets of samples, a t-test was used to compare them. The test 
findings revealed no significant variations in the identification of TQM measures, 
Industry 4.0 measures, and sustainable performance measures between early and 
late replies. So, the data that were used for the model testing was comprised by 
merging the early and late responses.

4  Data Analysis

Numerous statistical techniques are available to confirm the relationship between 
Industry 4.0, TQM, and sustainability performance in the RMG sector in Bangladesh. 
In the previous research, structural equation modeling (SEM) and factor analysis 
techniques were broadly used [33]. Most of the scholars selected the first technique 
because of it being more sophisticated than the other [40]. Because of the capacity 
of combining factor analysis and multiple regression analysis, the SEM technique is 
regarded as a sophisticated technique [41]. Furthermore, there are two types of SEM 
techniques available: variance-based SEM and covariance-based SEM.

Table 1 Breakdown of respondents and their organization profile

Variables Categories/class Response (%)

Gender Male
Female

67.92
32.08

Age group 28–35 years
36–45 years

38.33
61.67

Cadre Top management
Middle management
Bottom management

13.64
59.09
27.27

Size of the organization Small (<50 employees)
Medium (50–500 employees)

38.59
61.41
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Haseeb et al. [21] have effectively used this PLS-SEM technique to examine how 
Industry 4.0 technologies contribute to information technology implementation. 
Dubey et al. [42] have also used this technique to investigate the contribution of big 
data. The partial least squares (PLS) method is used in variance-based SEM. This 
study uses the PLS-SEM technique for analyzing collected data because of the fol-
lowing reasons:

 (a) It is a successful technique to investigate and validate the link between the com-
ponents in a complicated model.

 (b) It can produce superior results independent of a sample or population size 
[41, 42].

Both scholars have preferred WrapPLS software for their research. This study 
also uses WrapPLS 7.0 software for analyzing data. Before analyzing, the data was 
standardized. There were no missing values and no data with a variance of zero. 
Likewise, the data also excluded rank-related issues. Moreover, for evaluating the 
feasibility of the collected data for SEM analysis, this research checked multicol-
linearity in the data set [13]. This study used the variance inflation factors (VIFs) to 
analyze the multicollinearity element. The result, illustrated in Table 4, shows that 
all the VIF values fully meet [41] the maximum requirement of 10. This study uti-
lized three indices, as per [33], to determine whether the current measurement 
model had fitted with collected data: average block VIF (AVIF), average path coef-
ficient (APC), and average R-squared (ARS). These variables were also used to 
assess the model’s ability to explain the most significant variance. Table 2 shows 
that every one of these parameters’ values is substantially within the allowable 
range. From the result, it can be said that the measurement model shows a great fit 
for collected data. It also reflects the capacity of the model better to retrieve variance.

Causality assessment was used as another way to verify the model’s correctness. 
Three parameters were used in this research to check the model’s correctness, which 
is consistent with [33]: Simpson’s paradox ratio (SPR), R-squared contribution ratio 
(RSCR), and statistical suppression ratio (SSR). Table 3 shows that all the values of 
these parameters are within the allowable range.

Table 2 Model fix index and quality index

Indexes Estimated value Tolerable range

Average path coefficient (APC) p < 0.001 p < 0.001
Average R2 (ARS) p < 0.001 p < 0.001
Average block VIF (AVIF) 1.583 Tolerable if ⩽5, best ⩽3.3

Table 3 Indexes of causality assessment

Indexes Estimated value Tolerable range

Simpson’s paradox ratio (SPR) 1.000 Tolerable if ⩾ 0.7, best = 1
R2 contribution ratio (RSCR) 1.000 Tolerable if ⩾ 0.9, best = 1
Statistical suppression ratio (SSR) 0.897 Tolerable if ⩾ 0.7
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Table 5 Outcomes of hypotheses assessment

Hypothesis for assessment Estimate
Outcomes of 
assessment

H1: TQM positively impacts sustainable performance β = 0.54 at 
p < 0.01

Supported

H2: Industry 4.0 positively impacts sustainability 
performance

β = 0.30 at 
p < 0.01

Supported

H3: Industry 4.0 has a positive impact on TQM 
implementation

β = 0.37 at 
p < 0.01

Supported

Table 4 Latent construct coefficients

TQM I4.0 SP

R2 coefficients 0.240 0.353
Adjusted R2 coefficients 0.210 0.331
Scale composite reliability (SCR) 0.889 0.765 0.831
Cronbach’s α coefficients 0.873 0.760 0.944
Average variances extracted (AVE) 0.603 0.542 0.642
Variance inflation factors (VIFs) 3.363 6.472 4.581

Moreover, to verify the reliability and consistency of the measurement scale, 
Cronbach’s alpha (α) values were used. The Cronbach’s alpha values for each latent 
variable are shown in Table 4, and it can be seen that all alpha (α) values consider-
ably exceed the critical limit of 0.6, suggested by Molina et al. [43]. This result 
shows that the items have high internal consistency for the specified dimension. 
Combined and cross-loading values of each variable are also determined.

Then, to ensure the validity of the measurement model, convergent and discrimi-
nant validity tests were performed [13]. The convergent validity test was performed 
to check whether the observed perimeters were heavily loaded in their latent parent 
constructs. In order to obtain convergent validity, the coefficient values of the aver-
age variance extracted (AVE) and scale composite reliability (SCR) for each of the 
constructs must be greater than or equal to 0.5 and 0.7, according to Talapatra et al. 
[33]. All the values of AVE and SCR for each construct are shown in Table 4, and it 
shows that all the values are in an allowable range.

Again, to verify whether the latent constructs are distinctive and unrelated to 
each other, the discriminant validity test was performed. The discriminant validity 
test matrix is illustrated in Table 5. This table shows that no values in any column of 
the matrix beneath the diagonal element are higher than the diagonal value. It clearly 
demonstrates the discriminant validity of the model [44]. For testing the proposed 
hypotheses, the variance-based SEM approach was applied because of its ability to 
describe the maximum variance of latent variables [41]. WrapPLS 7.0 was used for 
analyzing the data.

P. Saha et al.



139

Table 6 Discriminant validity test

TQM I4.0 SP

TQM 0.776

I4.0 0.528 0.736

SP 0.653 0.582 0.801

5  Discussion

This research was conducted to examine the impact of TQM and Industry 4.0 on 
sustainable performance along with the impact of I4.0 in TQM implementation in 
the RMG sector in Bangladesh. According to the result, the very first hypothesis 
was found to be statistically significant at the level of significance 0.01 (p < 0.01), 
having a β coefficient of 0.54. This hypothesis implies that the implementation of 
TQM principles makes a significant contribution to enhance the sustainability per-
formance of an organization. TQM principles help an organization to increase cus-
tomer satisfaction, reduce errors, and improve operational performance that directly 
contributes to increasing organizational sustainability. This finding confirms earlier 
research [13] (Table 6).

In terms of the second hypothesis, it is found that the hypothesis is statistically 
significant, having a β coefficient of 0.30 at the level of significance 0.01 (p < 0.01), 
suggesting that the adaptation of Industry 4.0 technologies has a positive impact on 
organizational sustainability performance. This result also implies that the use of 
I4.0 technologies encourages the organization to advance its operational processes 
and reduce energy consumption, waste, and pollution. Besides, the application of 
I4.0 technologies promotes reducing safety incidents and increasing employee 
morale, which all are directly related to the sustainability performance. This result 
also is confirmed by earlier studies [15, 45–48].

According to the result, the third hypothesis is also found to be statistically sig-
nificant with a β coefficient of 0.37 (p < 0.01). This hypothesis recommends that the 
adoption of I4.0 technologies plays a substantial role in TQM implementation. 
Under an interconnected I4.0-TQM regimen, customer requirements and market-
place analysis would be directly transmitted to the manufacturing systems, and the 
quality of the product would be monitored and ensured utilizing advanced sensors 
and failure investigations analysis. Besides, Industry 4.0 could serve as a foundation 
for an organization’s continuous development at both the product and process lev-
els, which all are directly related to a successful TQM implementation [49–51]. 
This finding is also consistent with the previous research [26, 29, 52, 53].

6  Conclusion

The findings indicate that TQM practices and adoption of I4.0 technologies have a 
great impact on organizational sustainability performance in the RMG sector in 
Bangladesh.
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Practically, a better knowledge of the possible association of TQM and I4.0 tech-
nologies on sustainability performance can assist practitioners, administrators, and 
policymakers, particularly in developing countries, like Bangladesh, in establishing 
appropriate expectations during the implementation process. Simply said, TQM 
practices and I4.0 technologies can assist the business organization in obtaining a 
competitive advantage that distinguishes them from their competitors and improves 
their market presence. Furthermore, the recognition of the synergistic linkage with 
combining effects assists executives in anticipating organizational sustainability 
improvement difficulties, avoiding wasted decisions and ineffective expenditures. 
This research also reveals that the positive impacts of TQM and I4.0 are not restricted 
to developed countries-based organizations; if organizations in developing coun-
tries use their methods in an effective manner, similar outcomes may be obtained.

Without a doubt, there are certain limitations to this study. For instance, the sam-
ple considered for this research was confined to 240 participants from the RMG 
sector in Bangladesh. Despite the fact that the sample size was enough for the analy-
sis, a higher sample size would be beneficial to confirm the generalizability of this 
study. In addition, all the respondents regarding the data sample were from 
Bangladeshi RMG sectors that confine the generalization of this research. The addi-
tion of respondents from different sectors or countries to the data collection would 
enrich the sample both quantitatively and qualitatively. Finally, the number of 
dimensions of the latent variable used in this study could be added to the current 
measurement model for future studies.
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Academic Community Perceptions of Open 
Innovation: An Exploratory Study
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Abstract This study seeks to assess the academic community’s knowledge and 
perception of open innovation. While the so-called “closed innovation” is rooted in 
the discourse of future managers, open innovation, being a relatively recent para-
digm, may be an unknown form of innovation and therefore its potential is under-
used. What is the perception of open innovation among students and faculty at a 
private Portuguese university? The technical procedure was based on a survey, and 
64 responses were obtained (the population corresponds to 3666 people). It was 
shown that the theme of open innovation, despite being recognized in the academic 
world, is still little known in the community. Although Portugal is a country of mea-
ger funds for innovation, which should lead to a greater focus on open innovation, 
this may not be happening due to the lack of trust in strangers that exists culturally 
in Portugal, and that may be currently hindering open innovation partnerships. 
Finally, in order to identify possible relationships between gender and perceptions 
regarding open innovation, we applied the chi-square test of independence (X2) in 
relation to gender. This exploratory study verified the existence of gender equality 
regarding the variables analyzed on open innovation.
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1  Introduction

We live in an increasingly global and dynamic world, where ever-shorter innovation 
cycles and lower R&D costs are required [1]. Given the characteristics of technolo-
gies, the existence of complexity, and the need to respond to market needs [2], as 
well as due to scarce resources [3], the open innovation strategy is emerging, recog-
nizing that not all good ideas derive from within the organization and that not all can 
be commercialized internally [4]. In this context, open innovation has progressively 
asserted itself as an approach to master innovation, allowing to save and solve the 
time and money problems of the innovation process, contributing to the maintaining 
of competitive advantage [5]. Companies that do not focus on an open innovation 
strategy will ultimately fail as rising development costs, as well as shorter product 
life cycles, make it increasingly difficult to justify investments in innovation [1, 6].

In 1977, von Hippel [7] presented for the first time a form of innovation stating 
that ideas could come from outside the organization, but concretely from the so- 
called lead users.

Albeit the concept was later popularized with the work of Chesbrough, 
Vanhaverbeke [8], which defines open innovation (OI) as “open innovation is the 
use of purposive inflows and outflows of knowledge to accelerate internal innova-
tion, and expand the markets for external use of innovation, respectively (…) is a 
paradigm that assumes that firms can and should use external ideas as well as inter-
nal ideas (…) combine internal and external ideas into architectures and systems. 
Assumes that internal ideas can also be taken to market through external channels, 
outside the current businesses of the firm, to generate additional value. Open inno-
vation suggests that valuable ideas can come from inside or outside the company 
and can go to market from inside or outside the company as well.”

Open innovation proposes a democratic innovation process, given its influence 
on the acquisition of transferring capacities, resources, and technologies between 
the various organizations, allowing organizations of different sizes to compete 
against each other [9]. The knowledge of the inventive process becomes endless, not 
distinguishing a small organization from a bigger one, a young one from a mature 
one, a technologically advanced one from a more primitive one. This democratiza-
tion of knowledge, i.e., the possibility of access for all, is the most remarkable fea-
ture of this contemporary innovation strategy. The motivation to understand how 
this innovation paradigm is rooted in the culture of academia encouraged the inves-
tigation of this study. The main objective of this study is to investigate the knowl-
edge of an academic community about the type of contemporary innovation, open 
innovation, and more specifically to understand the degree of perception and impor-
tance that students linked to the areas of management (future managers and agents 
of change) attribute to open innovation.

A literature review is presented in the following section. Section 3 identifies the 
methodology of the work carried out; Sect. 4 presents the main results and main 
conclusions; Sect. 5 discusses the results, and, finally, Sect. 6 presents the main 
conclusions of the work and suggests future research tracks.
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2  Literature Review

When performing the search in Scopus for publications, whose title contained the 
word “Open Innovation,” 3161 documents were obtained. Restricting the search to 
the type of document “article,” published in the English language and thematic 
“Management,” “Business,” and “Accounting,” 1121 articles were obtained. 
Continuing the search, with the aim of obtaining a more specific sample to the 
theme under analysis, the search was refined based on the same filters, but now with 
the specificity for articles that encompassed “Open Innovation” and “perception” in 
the title. Based on these criteria, seven articles were gathered (Fig. 1).

In this sample, the oldest article is from 2010 and the most recent from 2022. 
Table  1 summarizes the research results, presenting the main contributions and 
focus of the articles analyzed.

By analyzing Table 1, we can see that the analysis of perceptions regarding the 
business world continues to dominate current scientific studies [12, 13, 15, 16], and 
there is a pathway to understand and explore the academic community‘s knowledge 
of open innovation. Previous studies can be divided on the basis of perceptions 
about open innovation: focus on employees’ perceptions [12, 13], corporate percep-
tion [15], managers’ perceptions [16], academic perception of knowledge 

STEP 1 
Scopus Search 

STEP 2 
Result:  

3161 articles 

Title: “Open Innovation” 

Title: “Open Innovation” 
Filtered by 

Subject area: Management, 
Business 

Document type: Article 
Language: English STEP 3 

Result:  
1121 articles 

7 articles 

Title: “Open Innovation” + 
“Perception” or “opinion” or 

“recognition” 

Fig. 1 Research protocol
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Table 1 Analysis of Scopus articles based on the search for the title “Open Innovation” and 
“perception”

Title Author
Focus of 
perception Key findings

Strategic management 
of the Malaga brand 
through open 
innovation: tourists and 
residents’ perception

[10] Tourists and 
residents’ 
perception

The results allow us to identify that the 
Malaga brand is being built and managed 
based on the cultural projection of the city, in 
which the ratings of tourists and residents 
serve as a basis for improving the 
management of Malaga as a tourist 
destination. Public entities that wish to 
transform their value creation and service 
delivery in a sustainable way should maintain 
a productive relationship with other public 
authorities and other external parties; 
exchange knowledge, skills, and experiences 
easily and securely with others to improve 
internal processes and deliver services to 
citizens and engage with citizens and other 
stakeholders to co-create new services

Higher education 
response in the time of 
coronavirus: 
perceptions of teachers 
and students, and open 
innovation

[11] Teachers’ and 
students’ 
perceptions

The main objective of this work was to 
analyze how universities have managed the 
flow of knowledge during the pandemic 
situation. The results obtained showed that 
the absence of presence did not generate an 
increase in contact between teachers and 
students. Teachers and students showed a 
preference for the face-to-face method but 
recognize the potential of digital media

The intensity of 
organizational change 
and the perception of 
organizational 
innovativeness; with 
discussion on open 
innovation

[12] Employee 
perceptions

This study assessed the relationship between 
investment in human resources (HR) and 
employees’ perceptions of innovation. It 
sought to determine how the intensity of 
organizational change affects the relationship 
between HR investment and employees’ 
perceptions of organizational innovation

Perceptions of open 
innovation at CERN: an 
explorative study

[13] Employee 
perceptions

This study was designed to assess the 
perception of innovation, of employees of 
intergovernmental research institutes
The study assessed how intergovernmental 
research institutes, specifically CERN, 
establish innovation as a driving force, 
mainly through internal and external 
openness. It was shown that most recognize 
the positive impact of open innovation

(continued)
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Table 1 (continued)

Title Author
Focus of 
perception Key findings

What does open 
innovation mean? 
Business versus 
academic perceptions

[14] Perception of 
the academic 
and business 
world

This paper compared the perceptions of 
innovation that exist academically and 
through business. The study showed that 
there are differences in the interpretation of 
open innovation between companies of 
different sizes. The results provide evidence 
of the issue of contextual ambiguity and 
dualism surrounding the OI concept

Mapping the perception 
and reality of open 
innovation

[15] Companies’ 
perceptions

This study assessed companies’ perceptions 
of their degree of openness. As a result of the 
study, it was validated that companies’ 
perceptions of their own openness differ from 
their actual situation and furthermore, each 
company has a different view on open 
innovation

Open innovation in 
secondary software 
firms: an exploration of 
managers’ perceptions 
of open source software

[16] Perceptions of 
managers

This paper examines how managers’ 
perceptions of the benefits and drawbacks of 
open source software (OSS) affected the 
decision to adopt an open source policy in 
their companies
The study reveals how perceptions about the 
business and technical benefits and 
disadvantages of OSS influenced the 
technological, organizational, environmental, 
and individual factors considered in the 
adoption process

management [11] and mixed academic and business perception studies [14], and 
focus on the perceptions of tourists and residents [10].

While also focusing on the perceptions of teachers and students, the article by 
Tejedor, Cervi [11] focuses on the perception of knowledge management in the 
context of the Covid-19 pandemic and not on knowledge about open innovation 
specifically. Only the article from Teplov, Albats [14] reflects an analysis on the 
perception of academics while continuing to focus mostly on the business world. 
This study has shown that there is a difference in the interpretation of open innova-
tion, corroborating one of the results of the study of Dabrowska, Fiegenbaum [15].

3  Methodology

The main objective of this work is to assess the academic community’s perception 
of open innovation and how it is rooted/familiarized in future professionals in soci-
ety. This study is based on the adoption of a quantitative technical methodology 
through the elaboration of a questionnaire carried out on the GoogleForms platform. 
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The questionnaire is divided into closed response questions, open response (short), 
as well as encompassing questions structured in a Likert scale classification. Data 
processing was carried out using the Microsoft Excel tool.

This research is exploratory, with a convenience sampling focused on the popu-
lation of a private Portuguese University, given the ease of access to the population 
and for covering a diversity of respondents that justifies the relevance of this study. 
The population of this university is represented by 3666 people. Students’ limited 
knowledge (or not) about one of the most promising forms of innovation is impor-
tant to know the potential that open innovation may have in the near future, as well 
as to understand what can be improved to share its potential.

The questionnaire was conducted on the GoogleForms platform and dissemi-
nated by the course coordinators of this private university via the e-learning plat-
form Moodle. This form was shared by the academic community on June 2, 2021, 
and was open for responses until June 13, 2021. Sociodemographic information was 
gathered on the knowledge of open innovation, what is the biggest benefit, biggest 
drawback, and key partner they perceive in a process of open innovation, ending 
with the evaluation of the importance of innovation and more specifically open 
innovation. In total, 64 responses were obtained.

4  Results

The survey was addressed to the population of a private Portuguese university, and 
64 answers were obtained. The questionnaire was answered by 62 students and 2 
lecturers, with the majority of respondents belonging to the 18–25 age group 
(70.3%) and attending a degree course in management (53.1%). As regards repre-
sentation by district, there was a predominance of responses from residents in the 
districts of Porto (78.1%) and Aveiro (17.2%).

With regard to knowledge about open innovation, 60.9% of the respondents are 
familiar with the topic, but 46.9% of those polled do not know any of the open inno-
vation practices (inbound, outbound, or coupled), which shows that this type of 
innovation is still an unknown topic in the academic world.

Questions regarding the perception of the open innovation theme were also 
addressed, namely, asking about the perceived benefits and drawbacks, as well as 
the partners that they recognize as being most important in the adoption of this 
innovation paradigm. As far as benefits are concerned, 25% of respondents perceive 
as the main advantage the fostering of creativity and 15.6% the reduction of the time 
to find an innovation.

On the other hand, the majority of the respondents perceive as main drawbacks 
the leakage of information (31.3%) and the possibility of stealing the idea (23.4%). 
When asked about the key partner to promote open innovation (Fig. 2), respondents 
point to R&D centers (42.2%), followed by competitors (32.8%) and customers/
consumers (18.8%).
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27

122
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21

R&D Centers Clients/consumers Competitors Suppliers Start-up Universities

Fig. 2 Which partner do you consider most important in an open innovation process?

Fig. 3 Word cloud on open innovation

Regarding the word that respondents most identify with open innovation, the 
highlight goes to openness and sharing, followed by collaboration, and ideas and 
creativity. Figure 3 summarizes the words listed by respondents.

In order to identify possible relationships between gender and perceptions 
regarding open innovation, the chi-square test of independence was applied (X2), in 
relation to gender.

With this purpose, four chi-square tests were performed, more specifically the 
association between the gender of the respondents and (1) Have you ever heard 
about open innovation (or open innovation)? (X2 = 0.18166073); (2) Which partner 
do you consider most important in an open innovation process? (X2 = 3.837002828); 
(3) What degree of importance do you attach to closed innovation (innovation car-
ried out only within the organization)? (X2 = 0.000069827); (4) How important do 
you consider open innovation to be? (X2 = 0.048092177). All tests demonstrated 
independence in the relationship between gender and perception regarding the ques-
tions asked (variables studied). The contingency tables and the respective statistical 
tests for the remaining tests revealed that in terms of gender no pattern emerges in 
relation to the questions asked to the respondents. Tables 2, 3, 4, and 5 show clear 
examples where the percentages of men and women show similar patterns, indicat-
ing independence between the variables under study.

Academic Community Perceptions of Open Innovation: An Exploratory Study



152

Table 2 Have you ever heard of open innovation?

No % Yes % Total

Female 15 42.86 20 57.14 35
Male 10 34.48 19 65.52 29
Total 25 39 64

With regard to the questions in Tables 4 and 5, it should be noted that the data 
were grouped from a quantitative classification (scale of 1–7) to a qualitative clas-
sification, where low importance was attributed to classifications below 4 (including 
4) and high importance was attributed to classifications above 5 (including 5).

It should be noted that for the chi-square calculation, in cases where the tables 
were formed in a two-by-two matrix (cases of Tables 2, 4, and 5), Yates’s correction 
was applied due to the contingency tables being small, with only one degree of 
freedom. Table 6 shows the chi-square calculations in the case of relating gender 
with knowledge on the topic of open innovation.

Cronbach’s alpha was calculated to validate the internal consistency and reliabil-
ity of the questionnaire. The literature is not unanimous in defining a Cronbach’s 
alpha that validates the reliability of the data, varying as to the minimum limit 
beyond which the questionnaire may be considered to have consistency. Davis [17] 
and Nunnally [18] report that a value above 0.5 may be considered acceptable under 
certain conditions (Table 7).
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where k represents the number of questions, σ2 the variance, and σT2 the variance 
of totals.

In this study, a Cronbach’s α of 0.58 was obtained, which validates the consis-
tency and reliability of the questionnaire.

The margin of error obtained taking into account the size of the population and 
the sample is ±10%.

5  Discussion

This section is dedicated to the reflection on the results obtained, and it is the result 
of the analysis of this study, as well as of the existing literature on the subject under 
study. We seek to indicate suggestions so that the community may rethink new con-
tents that may be the object of study by the academic community.
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Table 4 On a scale of 1–7, how important is closed innovation (innovation carried out only within 
the organization)?

1–4 – low % 5–7 – high % Total

Female 12 34.29 23 65.71 35
Male 9 31.03 20 68.97 29
Total 21 43 64

Table 5 On a scale of 1–7, how important is open innovation?

1–4 – low % 5–7 – high % Total

Female 3 8.57 32 91.43 35
Male 2 6.90 27 93.10 29
Total 5 59 64

Table 6 Chi-square calculation – Have you ever heard of open innovation?

O E O-E IO-EI-0.5 (IO-EI-0.5)2 ((IO-EI-0.5)2)/E

15 13.671875 1.328125 0.828125 0.685791016 0.050160714
20 21.328125 −1.328125 0.828125 0.685791016 0.032154304
10 11.328125 −1.328125 0.828125 0.685791016 0.060538793
19 17.671875 1.328125 0.828125 0.685791016 0.038806919

0.18166073

Table 7 Recommended reliability levels for Cronbach’s α

Author Condition Recommended Cronbach’s α
Davis [17] Forecast for groups of 25–50 individuals Above 0.5

Forecast for groups of more than 50 individuals Below 0.5
Nunnally [18] Preliminary research 0.5–0.6

From Peterson [19]

5.1  Open Innovation Knowledge

Starting by highlighting one of the strong points and that reinforces the robustness 
of this study, 65% of the respondents have a degree in management or economics, 
being students familiar with management and innovation.

This section is dedicated to the reflection on the results obtained and is the result 
of the analysis of this study, as well as of the existing literature on the subject under 
analysis, seeking to indicate suggestions so that the community may rethink new 
contents that may be the object of study by the academic community. However, one 
of the interesting and surprising results of this study is that 50% of these students do 
not know the practices of open innovation, which will allow us to conclude that 
open innovation is not a subject addressed in the academic environment, nor possi-
bly in society in general, so there is a potential for this subject to be introduced in 
future courses of economics or management. Future decision-makers/managers 
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need to know about this type of innovation because the success of companies, and 
in turn of nations, will depend on the degree of competitiveness that managers stim-
ulate in the business environment. Studies show that the adoption of an open inno-
vation practice has a positive correlation with the performance of an organization 
Future decision-makers/managers need to know about this type of innovation 
because the success of companies, and in turn of nations, will depend on the degree 
of competitiveness that managers stimulate in the business environment [20–22].

5.2  Protection of Innovation

One of the results of this study indicates that more than 50% of the respondents’ 
fear/perceive that open innovation may lead to the theft of ideas and information 
leakage from the organization. These results are associated with studies that relate 
the adoption of open innovation practices (coupled, inbound, or outbound) with the 
degree of innovation protection. According to Freel and Robson [23], the extent of 
cooperation for innovation and networking, i.e., the choice of OI strategy, is strongly 
related to the type of ownership strategy chosen, with firms that emphasize informal 
and strategic methods of protection recording higher rates of coupled and inbound 
open innovation. As a result of the fear of imitation when exploiting technology 
externally, a defensive strategy is associated with superior OI outbound perfor-
mance, although a collaborative strategy is preferable in terms of overall innovation 
performance [24].

5.3  Creativity Phenomenon

The fostering of creativity presents itself as a great potential of the adoption of 
OI. About 25% of the respondents mentioned that this is the great advantage of OI 
and that it allows for the promotion of the creative process. This perception rein-
forces the results of studies that relate the typology of innovation with the OI. For 
Hecker and Ganter [25], companies that want process innovations should choose to 
obtain knowledge through the market by hiring specialized consultants or new 
workers. If the objective is to innovate by launching new products, they should use 
a strategy based on collaboration [26].

5.4  Key Partners

One of the important points in the creation of innovation networks is that in order to 
maintain high levels of performance and a sustainable competitive advantage, com-
panies must maintain a balance in the search for innovation between the exploration 
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of external knowledge and the exploitation of internal knowledge [27]. The study 
showed that approximately 43% of the respondents favor R&D centers as key part-
ners, followed by competitors and consumers, and allied to this, respondents relate 
OI to sharing and collaboration. This co-creation of knowledge is validated by pre-
vious works, emerging as the great idiosyncrasy and potential of open innovation. 
In their paper, Su, Lin [28] state that co-created technological knowledge is more 
exploratory and pioneering and has shorter technology cycle times than exclusively 
non-co-created knowledge.

5.5  The Importance of Innovation

The results of this study show that over 60% of the respondents attribute high 
importance to closed innovation and over 90% to OI, which contributes to validate 
the relevance of studying the perception that academics and future policymakers 
have about OI. Already in the last century, Solow [29] emphasized the importance 
of the physical accumulation of capital and of technological progress as forces for 
economic growth. This driving force is commonly called innovation and is the force 
that explains the progress of nations and the competitiveness of companies.

In today’s constantly changing world, the winner is whoever is best prepared and 
whoever can absorb the most information. We are in the “Age of Knowledge,” and 
only those who possess the dynamic capabilities that enable them to permanently 
leverage competitive advantage will survive [30, 31].

These results allow us to validate that the academic community is familiar with 
the importance of innovating, attributing high importance to this competitive factor 
in organizations.

5.6  Economic and Cultural Factors

Portugal, being a low-wage country [32], a lover of low-cost products/services (see 
the success, in Portugal, of companies such as IKEA and McDonald’s), and with 
scarce funds available for innovation – in a country little oriented toward perfor-
mance and high standards [33] –should embrace more open innovation as it is more 
economical than traditional closed innovation [34]. However, this study found that 
open innovation is not getting the prominence it deserves and that would be expected 
in Portugal. This may be happening due to the lack of trust in strangers that exists, 
culturally, in Portugal, and that may be hindering open innovation partnerships 
today. Culture appears to be a fundamental element in the development of nations 
and economies [35]; its influence shows and explains why development happens – 
or not [35]. “Cultural heritage provides the artifactual structure – beliefs, institu-
tions, tools, instruments, technology  – which not only plays an essential role in 
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shaping the immediate choices of players in a society but also provides us with clues 
to the dynamic success or failure of societies through time” [35].

6  Conclusions

The world is increasingly volatile, and companies are increasingly global and more 
interdependent. Borders no longer transform companies into hard cores; they are 
now more a source of knowledge for organizations. Today’s society is a global net-
work where knowledge flows, is absorbed, and transformed at an immeasurable 
speed, namely, to and from the company.

6.1  Contributions to Theory

The literature on the perception of the academic community on the subject of open 
innovation is scarce, focusing mainly on the business world. This chapter seeks to 
initiate a debate on the understanding of the academic community‘s knowledge 
about this contemporary paradigm of innovation, contributing to the exploration of 
knowledge on this topic.

6.2  Managerial Contributions

This study sought to analyze the literature on the perception of open innovation, 
subsequently analyzing the knowledge of the subject in academia. We verified that 
despite the high importance attributed to OI and the high benefits perceived, the 
theme is still an unknown subject in the university environment and may prove to be 
harmful in the country’s entrepreneurial future with the neglect of the application of 
this practice in the business world. Thus, the introduction of curricular units or 
seminars in management or economics courses is suggested, which could expose 
the potentialities of this new paradigm.

Finally, through the chi-square test, no statistically significant results were found 
in the relationship between gender and knowledge of open innovation, indicating 
gender equality in the perception of this new paradigm. This study could serve as a 
basis for further in-depth studies with larger and more representative samples of a 
given population (this study analyzed approximately 2% of the total population of 
this university).
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6.3  Limitations

One of the limitations of the study stems from the size of the sample obtained since 
only 2% of the population of this private university was analyzed.

Another limitation of this study stems from the analysis being restricted to stu-
dents’ perception, being scarce in terms of teachers’ perception.

The results are only representative of one Portuguese private university and do 
not represent the entire academic population in Portugal.

6.4  Suggestions for Future Research

As lines for future research, it is suggested to extend the sample to other universi-
ties, enlarging not only the number of respondents but also the universe of analysis, 
allowing the results of this study to be compared with those obtained in other 
universities.

In future studies, the results obtained in private and public universities could be 
studied, ascertaining the degree of perception between different universities, and if 
different, the reasons for this divergence of perception.

A further clue for future research stems from the very limitation of the sample, 
where student results predominate. Hence, in future studies, the perception of the 
teaching community on this issue should be sought.
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Green Human Resource Management: 
The Performance of Women Researchers 
Based on Bibliometric Indicators
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and Luis Cesar Ferreira Motta Barbosa 

Abstract Green human resources management (GHRM) is an innovative approach 
for promoting sustainable thinking and practices within the environment of organi-
zations. GHRM means rethinking basic concepts, strategies, policies, objectives, 
functions, processes, and activities of human resource management providing ben-
efits for individuals, businesses, and society. It is an emerging field of study with a 
scientific community in formation. In recent years, much has been discussed about 
the role of women in science. The objective of the chapter is to contribute to this 
debate by presenting bibliometric indicators on the role of women in the scientific 
production of GHRM. The study was based on a survey of publications and other 
indicators from the Web of Science database. A comparison was made of productiv-
ity indicators, impact of scientific production and research time between men and 
women. Researchers with at least three articles on GHRM were evaluated. Among 
other results, this study showed that men are the majority, but that women also play 
an important role in terms of the quantity and quality of publications.

Keywords GHRM · Women in science · Researchers

1  Introduction

Green human resource management (GHRM) is an innovative and emerging 
approach that has emerged recently [1]. Studies on the subject have grown exponen-
tially, reflecting the increased interest and diffusion of knowledge in academia [2].
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GHRM means rethinking basic concepts, strategies, policies, objectives, func-
tions, processes, and activities of human resource management to incorporate the 
needs of ecological sustainability [3]. The adoption of GHRM practices must be 
present in all activities of the human resources area, which cover five traditional 
processes: recruitment and selection; training and development; empowerment or 
involvement; performance evaluation; and payment and rewards [4–8].

As pointed out in the literature, GHRM can contribute to the adoption of best 
practices and increase employees’ commitment in relation to environmental sus-
tainability [9–13], providing benefits for individuals, businesses, and society [14].

As GHRM is a field of research still in formation, there are several gaps to be 
explored [15, 16]. Several studies have been carried out on the subject, but little has 
been addressed about the profile of researchers. In particular, no studies were found 
on gender differences in relation to this topic in the survey carried out by the authors. 
This is an important aspect since researchers are the protagonists of knowledge 
production. The increase in production and diffusion of knowledge in a new field of 
research is related to the formation of a scientific community that investigates the 
theme [17].

In recent years, much has been discussed about the women’s underrepresentation 
in science [18]. This underrepresentation is more evident in disciplines such as 
STEM – science, technology, engineering, and mathematics [19]. As the participa-
tion of women in science varies according to the area of knowledge, the following 
question arises: What is the role of women in the development of the GHRM field?

The chapter aims to contribute to this debate by presenting indicators on the role 
of women in the scientific production of GHRM. Specifically, the performance of 
men and women researchers was compared considering the following aspects: sci-
entific productivity; impact and quality of production based on citations; and time 
of experience in research considering the date of the first publication. To comple-
ment the analysis, this study compared not only the production of GHRM but also 
the entire scientific production of researchers indexed in the Web of Science (WoS) 
database.

2  Method

The study presents a bibliometric approach. The identification of researchers was 
based on a survey of publications on GHRM indexed in the WoS, which is a recog-
nized and widely used database in this type of study [20]. The query “Green Human 
Resource* Management” was used in the field named “Topic,” which covers the 
search by title, abstract, and keywords. This survey resulted in a total of 266 docu-
ments. The following filters were applied: (i) only publications classified as articles 
and reviews (document type); and (ii) documents published until 2021. The applica-
tion of these filters resulted in a total of 227 documents.
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Considering this universe of publications, the researchers who published the 
most articles on GHRM were identified. The criterion of at least three publications 
on GHRM was established to identify researchers with more consolidated research 
on this theme. Thirty-six (36) researchers were selected based on this criterion.

Subsequently, a search was carried out on several websites to identify the sex of 
these researchers: woman or man. The sex of four researchers was not identified on 
the websites consulted (WoS, Scopus, Google Scholars, Research-Gate, LinkedIn, 
ORCID, universities, and others). Therefore, the sample was reduced to 32 research-
ers (11 women and 21 men).

Complementary data on these researchers were collected, such as H-Index, cita-
tions, total production (number of documents published in WoS regardless of topic), 
and others. These data were collected to define the profile and allow a better com-
parison between the two groups of researchers.

3  Results

The universe of 227 articles on GHRM presented a total of 6530 citations, which 
corresponds to an average of 28.76 citations per article. Such publications covered 
51 countries, 90 journals, and 595 authors.

In turn, the selected sample of 32 researchers published 89 articles, with 4234 
citations (average of 47.57 citations per article), covering 29 countries, 46 journals, 
and 199 authors (including other coauthors).

Therefore, this sample of researchers was responsible for approximately 40% of 
the articles on GHRM, presenting a much higher average of citations. Such data 
reflect the impact and influence of these researchers.

Considering the total of 89 articles, 22 were coauthored by researchers from both 
groups (men and women), which demonstrates scientific collaboration between 
them. In turn, 55 articles were published exclusively by researchers from the men’s 
group and 12 from the women’s group, as shown in Fig. 1.

Fig. 1 Distribution of researchers and articles on GHRM considered in this study
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3.1  Scientific Productivity

The number of articles is an indicator of academic productivity, which is important 
for obtaining funding, and for the prestige of researchers and institutions [21]. 
Table 1 presents the number of articles on GHRM written by the researchers of the 
two groups analyzed in this study.

The average number of articles per researcher is 4.36 among women researchers 
and 4.57 among men researchers. If the two most productive researchers (a man 
with 21 articles and a woman with 10 articles) are excluded from the sample, the 
averages are changed to 3.8 and 3.75, respectively.

Researchers who have articles on GHRM also publish on other topics. Aiming at 
a more complete analysis of the productivity of these two groups of researchers, a 
comparison was made considering all the publications of each researcher in WoS.

Among the men researchers, two stand out with 367 and 179 publications. Three 
researchers have more than 50 publications; 4 have between 20 and 50; and 12 below 
20. In the case of women, two have more than 100 publications in WoS (107 and 105 
documents). Only one is over 50; five have between 20 and 50; and three below 20. 
Figure 2 shows the comparison of the average of articles per researcher considering 
the production of articles on GHRM and the total of documents published in WoS.

As shown in Fig. 2, the average publication of men researchers was 4.57 and 
46.29, respectively. In turn, the average of women was 4.36 and 44.82. As can be 
observed, the two groups of researchers have an average of more than 4 articles on 
GHRM and more than 44 documents in WoS.

3.2  Quality and Impact of the Scientific Production

The quality and impact of scientific production can be measured through the num-
ber of citations. This is an indicator that has been increasingly valued and that is 
related to the H-Index, which is an indicator of academic prestige [22].

The average citations per researcher and the average citations per publication 
were calculated to compare the quality of production of men and women research-
ers. The results are shown in Fig. 3.

Table 1 Number of articles on GHRM published by the researchers

Number of articles (GHRM) Women Men

10 or more 1 1
5 articles 3 4
4 articles 2 7
3 articles 5 9
Total researchers 11 21
Average (articles/researcher) 4.36 4.57
Average (without researcher with 10 or more 
articles)

3.8 3.75
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Fig. 2 Publications per researcher

Fig. 3 Citations per researcher and per publication

Fig. 4 H-Index

According to results, men and women had an average of citations per researcher 
greater than 200 considering the articles on GHRM, and greater than 1.000 (men) 
and 2.000 (women) in the total of documents published in WoS.

In relation to the indicator of citations per publication, the researchers had more 
than 40 (men) and 50 (women) citations per article on GHRM and more than 20 
(men) and 30 (women) citations per document in WoS.

These results show that the scientific production of women also has been recog-
nized and has influenced other researchers.

In turn, the average H-Index of the women was 13.91 and the men was 12.10. 
This is another indicator that also shows the prestige and quality of the publications 
of women researchers working in the GHRM area. Figure 4 shows the H-Index of 
the researchers analyzed in this study.

Green Human Resource Management: The Performance of Women Researchers Based…
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3.3  Time of Research Activities

Productivity and citation indicators are influenced by research activity time. An 
older researcher may be more productive and have more citations than an early- 
career researcher. Therefore, it is important to know how long researchers have been 
developing their studies.

Figure 5 shows the evolution of publications on GHRM over time. As can be 
observed, the first publication on GHRM dates from 2011. It was an article coau-
thored by researchers from both groups (men and women). After this article, women 
researchers only published again in 2016. In turn, men researchers published in 
2013. In both groups, there was a significant increase in the number of publications 
from 2018 onward.

Figure 6 presents the year of the first article on GHRM as well as the year of the 
first publication in WoS of each researcher. Most men and women researchers pub-
lished their first articles on GHRM as of 2016 and in WoS as of 2007.

With the exception of three men researchers, all others published on other topics 
in WoS before publishing on GHRM.

The researcher with the longest experience in research is a woman who pub-
lished in WoS in 1978. This woman was also the first to publish an article on GHRM, 
which happened in 2011. In the case of men researchers, the first publication in WoS 
was in 1988, and the first article on GHRM was published by two other researchers 
in 2011 in coauthorship with the aforementioned woman researcher.

Six men researchers and only one woman had their first publication in WoS from 
2017 onward. These data show that approximately 22% of the 32 researchers (espe-
cially men) started publishing in the last 5 years, which indicates that they may be 
young researchers. The average time of the first publication considering the two 
groups of researchers analyzed in this study is shown in Fig. 7.

The average years since the first publication are 2.81 years (men) and 3.18 years 
(women) in relation to GHRM, and 8.57 (men) and 14.91 (women) considering all 
documents in WoS. Even if the woman researcher with the longest period of publica-
tion in WoS (43  years) was excluded from the sample, the average of women 
researchers would remain high. These results point out that female researchers also 
have good experience in research activities considering the time of first publication.

Fig. 5 Evolution of the publications on GHRM
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Fig. 6 Year of the first publication

Fig. 7 Average years of the first publication

4  Final Considerations

This study sought to present the role of women in scientific production of GHRM 
through a bibliometric approach. Three aspects were analyzed: academic productiv-
ity, quality and impact of publications, and research experience. The performance of 
women researchers was compared with that of men researchers, considering the 
articles on GHRM, as well as the complete production of the researchers 
indexed in WoS.

Although there are a greater number of men researchers, the study showed that 
women also play an important role in terms of the quantity and quality of 
publications.

It should be noted that these results were based only on the average of publica-
tions, citations, H-Index, and time since the first publication. Other statistical met-
rics and other aspects such as coauthorship pattern and research focus can be 
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considered in future studies to complement and deepen the analysis of the role of 
women in the production of knowledge about GHRM.

This study presents two main contributions. The first is a better understanding of 
the profile of researchers who are developing studies on GHRM, which is an emerg-
ing field with a scientific community in formation. It is these researchers who share 
concepts, values,   and methodologies, consolidating a new field of research. The 
second is related to the role of women in science, which is a topic that has been 
widely discussed around the world. The authors believe that this is the first study 
with this approach related to GHRM.
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Abstract Primary healthcare (PHC) is a fundamental pillar in a health system, and 
its role has only been enhanced in the COVID-19 pandemic. The emergence of 
COVID-19 required health systems and, in particular, PHCs to develop a constant 
capacity to adapt and resist adversity. Therefore, it was considered important to 
identify innovative measures and thus the experience of a family health unit (USF) 
in Portugal – USF Arte Nova (USFAN) was reported. After carrying out a system-
atic review of the literature and interviews with the Presidents of the Clinical and 
Health Councils of five Health Centre Groupings, the measures identified were 
gathered and compared to the ones carried out by USFAN. Subsequently, the study 
identified the measures considered to be truly original executed by the health unit. 
Between the measures presented, the use of an access prioritization score was high-
lighted, as were daily briefing regarding the management of resources and equip-
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ment, qualification of the use of personal protective equipment, the project that 
aimed to optimize the use of paper; the use of a drive-through method to update the 
National Vaccination Program; and the daily training and sharing of information 
about COVID-19. In light of the current pandemic, innovative practices and tools 
have been created and carried out by the healthcare professionals in response to the 
growing needs of the population. This shows the resilience of these professionals 
and constitutes an opportunity to share and implement these tools in other health-
care facilities highlighting the continuing chance of improving.

Keywords Primary care · COVID-19 · Pandemic · General practice · Innovation

1  Introduction

Primary care offers the first point of access to a health system and as such has sig-
nificant responsibility for the overall delivery of effective care and efficient spend-
ing [1]. Primary healthcare (PHC) is a central element of the Portuguese National 
Health Service (NHS) and assumes, in an integrated perspective and articulation 
with other services for continuity of care, important roles in health promotion and 
disease prevention, healthcare provision, and quality monitoring and proximity to 
the population [2, 3]. The Portuguese PHC core are family health units (USF) with 
teams with a wide functional autonomy, composed of family doctors, nurses, and 
clinical secretaries [4]. USFs – family health units are part of a health center, which, 
in turn, is included in a Grouping of Health Centers (ACeS). ACeS are health ser-
vices with administrative autonomy, composed of several functional units that inte-
grate one or more health centers. The ACeS bodies are the executive director, the 
executive board, the community council, and the clinical and health council. The 
members of the clinical and health council must have technical knowledge in pri-
mary healthcare, practice in care quality assurance and auditing processes, as well 
as mastery of risk management techniques [5].

The COVID-19 pandemic led to the overloading of health services around the 
world. On March 19, 2020, a call was issued for professionals to be proactive in 
reorganizing services in General Practice (GP) in the context of the exception of the 
fight against COVID-19 [6]. In the Portuguese NHS, the family doctor acts as a 
gatekeeper, having kept this role also during the pandemic, adding to their usual 
tasks, the need to perform new tasks and daily updates [7]. The innovation of ser-
vices, within the scope of health, is relevant, while accommodating this innovation 
with the increasingly pressing technological competitiveness [8–10]. Innovation in 
health is carried out with the ultimate purpose of producing an improvement in the 
quality of the service provided and, consequently, an improvement in the quality of 
life. Therefore, innovation in health can be seen in a triad of dimensions, namely, 
technology (new devices), procedure (new techniques), and forms of organization 
(palliative medicine) [11]. As Flessa & Huebner (2021) [11] describe: “The existing 
world is the result of past innovation processes – and the future world will be the 
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consequence of today’s innovation processes. Whether the future will bring a better 
quality of life, more efficient healthcare delivery and equity among stakeholders 
depends on the innovation we do today, the adoption of processes and the diffusion 
of innovation.”

The USF Arte Nova (USFAN) team belongs to the ACeS Baixo Vouga (ARS 
Centro) based in Oliveirinha, Aveiro, Portugal, serving a population of approxi-
mately 13,000 users. The multiprofessional team consists of 11 physicians (7 spe-
cialists and 4 residents), 7 nurses, and 5 clinical secretaries. At the end of 2020, its 
overall performance index (IDG) was 84/100, having been the best Functional Unit 
in the Center region and one of the best at its level at a national level. Thus, the 
results stimulated the in-depth study of the preventive and organizational strategies 
carried out according to the guidelines of the Directorate General for Health (DGS).

The objectives of the study are as follows:

 1. Identify innovative tools in the response to COVID-19 carried out by the USF 
Arte Nova that may have contributed to its performance in 2020 in primary care

 2. Compare/explain the innovative measures present in the literature with the mea-
sures reported by the USF Arte nova and, through an interview, by the Presidents 
of the Clinical and Health Councils

The structure of the chapter is as follows: the following section presents the 
methodology followed; a literature review was performed as well as qualitative and 
descriptive empirical work; the researchers hence then present the results of the 
study, the discussion/conclusion, as well as the references used throughout the 
research effort.

2  Methodology

A systematic search was conducted on the Scopus® and PubMed® platforms, using 
the keywords in title and abstract “innovation” AND “covid-19” AND “primary 
care,” accessed on January 17, 2022. The exclusion criteria assumed were the 
absence of free access, articles related to public health or governmental measures, 
and repeated articles. The articles were reviewed by three authors, working with a 
common standardized checklist.

In addition to the database search, semi-structured interviews were proposed to 
the Presidents of the Clinical and Health Councils (PCCS) of six ACeS of different 
Regional Health Authorities of continental Portugal. Selection was by convenience 
and Exclusion of the Chair of the Clinical Board of USFAN’s area. The following 
questions were addressed:

 1. Do you know of innovative projects/measures to fight the pandemic COVID-19 
carried out within family health units?

 2. Can you list and give a brief description?
 3. Do you consider the USFAN’s measures innovative?

Innovative Responses to the COVID-19 Pandemic in Primary Healthcare: The Case…
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Table 1 Criteria for classifying innovative measures

1.  Descriptions exist in the documentary collection or are reported in interviews with USFAN 
professionals

2. Not described in the literature review
3. Not being described as innovative activities by the PCCS
4. They are considered innovative by all the CSCP respondents

The access to the document collection of USFAN was unanimously approved by 
the team at a multidisciplinary meeting, ensuring unequivocal confidentiality of 
users and professionals. Interviews were also requested from the USFAN profes-
sionals. For the classification of innovative measures of USFAN, the research team 
used four criteria (Table 1).

3  Results

A total of 234 articles were obtained. After reading the title and abstract, 197 arti-
cles were excluded due to the inadequacy of the content with the objective of the 
study. Six articles were duplicated, thus 31 articles were included for full reading 
and identification of innovative measures of response to COVID in primary 
healthcare.

The digital document collection of USFAN, referring to the years 2019–2021, 
was analyzed. Free interviews were conducted with the medical element of the tech-
nical council and a nurse from the executive support group of USFAN. Interviews 
were requested with six PCSS from different ACES and four different ARS, who 
performed their functions in the period under analysis. There was an 83.3% response 
rate (N = 5), and the interviews were conducted between January 27 and 29, 2022. 
The interviews were semi-structured and standardized.

3.1  Innovative Responses in Primary Healthcare in Portugal 
and Worldwide: Literature Review

Telemedicine was the most widely described measure in the literature used to facili-
tate and maintain access to healthcare by avoiding direct contact between users and 
health professionals. Strategies such as virtual consultations (via telephone or 
video) and electronic medical prescription were thus implemented or strengthened 
[13–15]. The implementation of regular meetings with staff in primary healthcare 
units has been described to combat the frequent updating of standards and 
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guidelines by health entities [12, 16]. The importance of regular adjustments of task 
distribution within care teams, fostering interdisciplinary collaboration and team-
work in order to optimize the response to the growing needs of the population, was 
also mentioned [17]. In order to ensure the maintenance of therapeutic adherence, 
one of the measures mentioned in the literature was the home delivery of medication 
to patients, simultaneously ensuring that they did not have to travel, thus minimiz-
ing the consequent risk of infection [18]. The installation of triage models was also 
one of the most described strategies. The professionals responsible for it varied 
according to the items and could be either administrative, medical, or nursing staff. 
It facilitated, on the one hand, the distinction between nonsuspects and suspects for 
COVID-19 infection and, in turn, within the latter, those at risk of worsening the 
condition and subsequent orientation [12, 19]. In this line of thought, the constitu-
tion of specific and properly adjusted areas for the observation of patients suspected 
or infected with COVID-19 safely allowed these patients not to feel segregated and 
to have appropriate guidance [19–21]. Thus, in order to ensure the safety of patients 
and health professionals, circulation circuits with specific signage were imple-
mented in several institutions. In addition, new cleaning and disinfection protocols 
were also instituted to minimize the risks of disease transmission [12]. One of the 
most commonly reported techniques for disease management and early detection of 
alarm signals for worsening was the creation of follow-up algorithms based on dis-
ease evolution in the light of state-of-the-art knowledge [19, 22–24]. In addition to 
these algorithms, the constitution of tracing platforms has allowed the management 
and monitoring of patients from a population point of view by health professionals, 
coping with the growing and challenging number of cases [25]. The construction of 
testing chains, in a drive-through model [12], as well as the support of medical stu-
dents and other health professionals, were strategies pointed out in the literature as 
auxiliary in fighting the pandemic [12, 16]. The use of oximetry in the home was a 
useful form of monitoring and risk assessment, according to a UK study [26].

In order to ensure the maintenance of care for the most vulnerable population 
groups, strategies have been reported for the homeless (in refuge homes) in South 
Africa [27] and for residents in long-term care institutions in Catalonia [28]. During 
the course of the COVID-19 pandemic, the increasing amount of information and its 
rapid dissemination generated the need to develop online health portals where infor-
mation resources and training sessions aimed at the population were made available 
in order to provide evidence-based information and clarify any doubts [29]. The 
level of burnout in healthcare professionals is a concern that preceded the pandemic 
and has been aggravated by it, and there are articles in the literature with sugges-
tions for strategies to combat it [30]. However, according to Cairns et al., there are 
still no high-quality, sufficiently well-founded tools and interventions targeting this 
gap, thus posing a challenge for the future [31].

See Table 2 for a summary of innovative measures.
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Table 2 Summary table of innovative measures: bibliographical survey

Area Category/subarea Measure References

Access Telemedicine virtual 
consultations

Video and/or telephone 
consultation

[12–14, 16, 18, 
19, 24, 29, 
32–38]

Virtual administrative 
assistance

Electronic prescription [15]

Assistance Respiratory patient 
management

Reception screening [12]
Nursing triage [12, 19]
Screening by medical specialists [12]
Self-screening [24]
Dedicated areas for observation 
of suspects/positives

[19, 21]

Tracking/screening algorithms [19, 22–24]
Tracing and disease management 
platform/patient telephone line 
COVID

[20, 25, 29]

Home oximetry monitoring [26]
Management of the 
chronically ill

Home delivery of medication [18, 29, 39]

Assistance to 
vulnerable and at-risk 
groups

Temporary shelter institutions [27]
Long-term care institutions [12, 28]

Vaccination Vaccination teams [40, 41]
Prevention and 
health promotion

Health literacy Online health portals [42]
Online information resources [29]
Online training sessions for the 
community

[29]

Human resources 
and attendance

Human resources 
management

Regular meetings with the team [12]
Interdisciplinary collaboration in 
care

[16, 17]

Support of medical students/other 
professionals in the response to 
the pandemic

[12, 16]

Job satisfaction 
and security

Infection prevention 
and control

Specific COVID signage [12]
Institution of new cleaning 
protocols

[12]

Carrying out tests on the 
drive-through system

[12]

Five-year prevention Preservation of the mental health 
of health professionals

[30, 31]
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3.2  Outcome Innovative Measures in Response 
to the Pandemic Carried Out by USF Arte Nova (USFAN): 
Documentary Analysis, Experience Report, 
and Free Interviews

The identification of innovative measures, described in the documentary repository 
and/or consistently referred to by the team, was classified into eight areas:

 1. Access
 2. Procurement and stock management
 3. Assistential
 4. Training, teaching, and research
 5. Community orientation
 6. Prevention and health promotion
 7. Human resources and attendance
 8. Job satisfaction and security

Regarding access (point 1), the team identified as innovative measures the real-
ization of virtual consultations, via telephone, by the medical and/or nursing team 
with the possibility of conversion into a face-to-face consultation depending on the 
clinical assessment. In addition, the BRAVU platform (Quick Virtual Customer 
Service Counter) was redesigned, allowing, through a structured questionnaire 
addressed to the main reasons for visiting the FHU, faster access to healthcare. A 
strategic plan – “Mission G” – was identified, which consisted of an increase in the 
assistance commitment, corresponding to an increase of 1700 users, which aimed to 
guarantee a family health team to users without PHC coverage in their area of resi-
dence, and therefore with limited access to care related to the prevention and man-
agement of COVID-19. Still regarding access, at a time when care activities were 
limited, the team developed a tool – “Score USFAN” – with the objective of identi-
fying users who, having a higher score, required higher priority care.

In the area of supply and stock management (point 2), stocks were shared daily 
with the team, as well as measures were taken to qualify the use of personal protec-
tive equipment (PPE). Within the scope of the management of the users’ document 
archive and in order to prioritize the nonphysical communication of information, 
the “USF Without Paper” mission was established, using the stimulus of receiving 
information via telephone, email, and digitalization, thus calling for the maximiza-
tion of computerization, and also the issuing and sending of prescriptions and cre-
dentials by telephone/email.

Regarding care activity (point 3), in the context of preventive medicine (3.1), the 
user’s visit to the FHU was optimized, taking advantage of opportunistic surveil-
lance activities in all contacts of the user with the unit, optimizing resources and 
reducing the need for future trips. Based on the management of respiratory patients, 
an adapted office was created, adjacent to the functional unit, dedicated to 
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face-to- face care of patients with suspected or diagnosed infection by SARS-CoV-2. 
Additionally, the team collaborated with the areas dedicated to COVID of the Aveiro 
Healthcare Centre, participating in the preparation of procedures, circuits, and artic-
ulation manual, as well as sharing USFAN’s human resources for assistance activi-
ties. Still regarding the management of respiratory patients, USFAN developed a 
weekly schedule of teams dedicated to the surveillance of users, based on the 
TRACE-COVID® platform, in order to guarantee their easy access to healthcare. 
The scale was adapted periodically, allocating the number of professionals accord-
ing to the volume of users under management and the remaining care activity. The 
DOMUS-P program aimed at carrying out preventive home visits to patients at 
increased risk of complications from COVID-19 by avoiding the displacement and 
potential increase of risk contacts with their visit to the unit. In addition, the drive- 
through vaccination model allowed the update of the National Vaccination Program 
(PNV) and other opportunistic vaccines in an outpatient circuit.

The team considered it important to maintain the culture of training, teaching, 
and research (point 4) among the team, involving medical professionals with spe-
cific training in FGM in the various activities. Given the constant update of new data 
regarding the pandemic, a periodic training model was adopted with updated guide-
lines that encouraged team discussion, with a view to improving procedures and 
management of care activity. The activity “COVID in numbers” took place daily in 
a multiprofessional meeting in order to update the team on the regional and national 
epidemiological situation. The team considered it important to keep a record of the 
information shared in meetings and training to review the strategies adopted and for 
further research purposes. Thus, a summary of the activities carried out during the 
meeting was made and shared via email by the team, as well as, when applicable, a 
photographic and videographic record was made.

Another point that the team considered innovative was community orientation 
(point 5), through the articulation of community intervention agents. In the team’s 
care activity, in addition to the articulation with health professionals from the PHC 
and secondary healthcare, the community council was created, which aimed to 
facilitate dynamic and two-way communication with the various local entities (par-
ish councils, pharmacies, users’ representatives) in order to optimize the team’s 
decision-making, also taking into account the needs, concerns, and resources avail-
able in the population.

Communication training of professionals and increasing the population’s level of 
health literacy have been investments made by the team. The pandemic-related info-
demic led the team to develop communication strategies adapted to the pandemic 
phase and the population it was serving at a given time. The team realized that the 
longitudinal and close follow-up, characteristic of PHC, represented a reliable 
source of information for users considering prevention and health promotion (Point 
6). The communication of transparent information regarding the update of guide-
lines related to the pandemic and its reflection on the functioning of the FHU was 
carried out through exposure inside and outside the FHU, as well as using articles in 
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the local journal and digital platforms. The team considered it important to invest in 
the standardization of information transmitted to the user as well as in the acquisi-
tion of communication skills by professionals. In this context, some users expressed 
satisfaction and perception of proximity and accessibility to health resources, even 
if they did not physically go to the unit. In addition to information on the pandemic, 
infographics related to other topics, including mental health and cardiovascular 
health, were also disseminated.

One of the challenges overcome by the team was human resources management 
and attendance (point 7). The concern for infection prevention and anticipation of 
possible professional absences (unscheduled and scheduled for other work tasks) 
led to the discussion and adoption of team strategies related to resource manage-
ment, adapted to current guidelines. In addition to optimizing the inter-substitution 
systems, well-defined schedules and transitional tasks were established for the vari-
ous professional categories. At a certain moment, mirror schedules were adopted, 
with the care of holding a daily multiprofessional meeting with the presence of the 
largest possible number of professionals, which would come to be considered fun-
damental for the remaining areas of intervention described.

The pandemic led to critical reflection by the team regarding the innovative 
development of measures to preserve professional satisfaction and safety (point 8). 
The USFAN team advocates that one of the means of effective clinical governance 
is the development, empowerment, and involvement of professionals in the various 
areas of action for the continuous improvement of care. To this end, 5-year preven-
tion is an indispensable factor. Thus, adaptation strategies were promoted to keep 
the team healthy and motivated in the fight against the pandemic, while preserving 
its identity. Besides the daily corridor meetings, several teambuilding activities 
were carried out, which were evaluated, qualitatively, positively by the profession-
als. Regarding the prevention and control of infection, the circuits and procedures 
of the unit were redefined, namely, the acquisition of proper uniforms with profes-
sional identification, internal laundry circuits and guidelines to cleaning profession-
als for the hygiene of spaces/equipment. The service provision locations were also 
readapted with the allocation, definition, and identification of the spaces according 
to the activity to be developed there. In the head office building, two distinct wings 
were defined (curative wing and preventive wing) and for the pole, the provision of 
activities within the scope of maternal and child health was allocated. In both build-
ings, the signage of the spaces was optimized, namely, in the isolation areas. In 
order to improve the organization of spaces/equipment and stock management, in 
addition to the inventory of each space, Lean Thinking was applied through the 5S 
tool to standardize the layout and content of the spaces adapted to the activity to be 
developed, in order to facilitate hygiene and reduce material to the essential. The 
professionals also contributed to the risk map of the buildings, identifying potential 
risks and improvement proposals to increase the safety of users and professionals.
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3.3  Innovative Measures in the View of the Presidents 
of the Clinical and Health Councils (PCCs): Interviews

All the PCCS accepted being interviewed and answered the three main questions.
When asked about their knowledge of innovative projects/measures to combat 

the COVID-19 pandemic carried out within family health units, all responded posi-
tively. In this sense, the innovative projects/measures were questioned and, together, 
cataloged in an area and subarea, as represented in Table 3.

The measures considered innovative by USFAN were presented to all the PCCS 
interviewed and questioned whether they considered the measure innovative. The 
results are present in Table 4.

Thus, there was consensus in classifying five measures as innovative, 
fundamentally

 1. Score USFAN
 2. Daily record and shared with the team the management of resources and equip-

ment and qualification of the use of personal protective equipment
 3. Paperless USF project
 4. Use of the drive-through method for updating the National Vaccination Program
 5. Daily training and information about COVID-19

Table 3 Innovative measures reported by PCCS

Area Subarea/category Measure

Access Virtual administrative 
user service

Communication platform with the residential 
structure for the elderly (ERPI)

Access Virtual administrative 
user service

Platform service platform

Assistance Respiratory patient 
management

Provide auxiliary material for follow-up and 
monitoring of signs of the disease for use at 
home

Assistance Telemedicine: virtual 
consultations

Telephone consultations

Assistance Respiratory patient 
management

Dedicated teams for respiratory patient 
management

Assistance Respiratory patient 
management

Platform for articulation of levels of care to 
manage access to emergency services

Training, teaching, 
and research

Formative actions Refresher training sessions between various 
functional units

Training education 
and research

Training Use of online training platforms

Human resources 
and attendance

Talent and time 
management

Permanent schedule adaptation

Job security and 
satisfaction

Five-year prevention Burnout prevention activities –URAP

Safety and job 
satisfaction

Professional assistance Network and helpline for professionals
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Table 4 Results of PCCS classification of USFAN’s innovative measures

Area Subarea/category Measure
Innovative?
Yes No

Access Telemedicine virtual 
consultations

Telephone enquiries 3 2

Virtual administrative 
user service

BRAVU® – Fast Virtual Patient Service 
Counter

4 1

Broadening the 
commitment to 
assistance

Strategic plan – “MIssion G” – 
increase of 1700 users

2 3

Prioritization of access Preparation of the USF AN score 5 0
Procurement and 
stock 
management

Resources and 
equipment 
management

Daily record and shared with the team 
the management of resources and 
equipment and qualification of the use 
of personal protective equipment

5 0

Resources and 
equipment 
management

USF paperless 5 0

Assistance Respiratory patient 
management

Area dedicated to COVID in the 
Functional Unit

3 2

Management of the 
chronically ill

Domus-P program 3 2

Respiratory patient 
management

Dedicated patient management teams 4 1

Preventive medicine Opportunistic activity 0 5
Respiratory patient 
management

Areas dedicated to the Health Center 
COVID

3 2

Vaccination Drive-through vaccination – update of 
the national vaccination program

5 0

Training 
education and 
research

Daily training sessions 
and pandemic status 
updates

Periodic training sessions with updated 
guidelines, COVID in numbers daily

5 0

Community 
orientation

Articulation of 
community 
intervention agents

Creation of a community council 1 4

Prevention and 
health promotion

Health literacy Use of platforms (Facebook® and 
Instagram®) and local newsletters and 
newspapers

0 5

Human 
resources and 
attendance

Talent and time 
management

Adaptation of schedules 3 2

Job security and 
satisfaction

Five-year prevention Burnout prevention activities 3 2
Prevention and 
infection control

Internal and autonomous circuit for 
sanitizing uniforms

2 3

Prevention and 
infection control

Risk map 2 3

Prevention and 
infection control

Readaptation of the service provision 
sites

4 1

Organization of spaces 
and equipment

Application of the 5s and LEAN 
methodology

4 1

Standardization and 
investment in 
communication skills

Training 1 4
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4  Discussion/Conclusion

The pandemic COVID-19 required health systems and, in particular, PHCs to 
develop a constant capacity to adapt and resist adversity. In the literature review 
conducted, the most frequently reported measure was telemedicine, which includes 
conducting consultations via telephone or video, yet this measure was referred to as 
innovative by three of the five PCCS. Other measures were also described as inno-
vative by the PCCS that were already described in the literature, such as the delivery 
of material for monitoring and follow-up of signs of disease for use by users at 
home [18]. The PCCS considered five measures/projects of USFAN as innovative, 
which were also not previously described in the authors’ literature review. There 
were, therefore, five measures/projects considered as innovative carried out by 
USFAN that met the four criteria proposed by the authors (Table 1). Considering the 
topicality of the subject, the authors point out that there may be other innovative 
measures that are not yet described in the literature and, given the sample size of the 
PCCS, are known to other professionals with management and leadership positions. 
Additionally, high levels of job satisfaction were identified among the members of 
the USFAN, which may be related to the implementation of innovation measures. 
Innovation in health, as previously mentioned, is significant and is consistent with 
the increasingly present reality of technological competitiveness [10], which 
emphasizes the importance of creating and implementing these measures, particu-
larly in primary healthcare, in order to increase the adaptability of health profes-
sionals to the new demands of the reality of the pandemic context. This research 
aimed to conduct a comprehensive, and equally detailed, look at the innovative 
responses in the fight against the COVID-19 pandemic, in primary healthcare – with 
the practical applicability of the context, with a case study, of USF ARTE 
NOVA. Furthermore, the adaptability and resilience of health professionals when 
faced with new clinical challenges in the context of a pandemic should be recog-
nized and further explored in the literature. Additionally, the need for innovative 
practices for the exercise of the profession, in a way consistent with the daily 
demands in primary healthcare settings, is an important issue that will enable the 
identification and introduction of such innovative practices. Thus, the relevance of 
this study lies in the importance of sharing these strategies found among peers, so 
that they can be reflected upon, improved, and also implemented in other health-
care units.
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Abstract This study aims to conduct a bibliometric analysis inherent to assessing 
competitive intelligence and business intelligence concepts using the Scopus data-
base and the Bibliometrix R software. The study’s articles were found using precise 
criteria in the Scopus database. The 42 publications were then examined with 
Bibliometrix software, which included extensive parameterization for each compo-
nent under evaluation. The results of this study consisted of establishing the number 
of existing publications on the topic under analysis between 2017 and 2021 – in this 
sense, it was possible to identify that the publications are experiencing an annual 
decrease rate of 22.69%; the trends in terms of publications and collaborations 
between countries; the most relevant journals in the area; and the interconnections 
between authors, keywords, and publications. This study has as an added value the 
possibility to evaluate the relevance attributed by academics to ascertain the most 
important contributions in terms of authors, articles, and journals. One major limita-
tion in this study could be addressed in future research. The study focused on a 
limited study field in the context of business, management, and accounting, so it 
would be very pertinent to understand how this topic has evolved, particularly in the 
area of computer science.

Keywords Bibliometric analysis · Business intelligence · Competitive intelligence 
· Scientometrics

B. de Sousa Lopes (*) · V. Amorim 
Department of Economics, Management, Industrial Engineering and Tourism (DEGEIT), 
University of Aveiro, Aveiro, Portugal
e-mail: vanessa.amorim@ua.pt 

M. Au-Yong-Oliveira 
INESC TEC, GOVCOPP, Department of Economics, Management, Industrial Engineering 
and Tourism, University of Aveiro, Aveiro, Portugal 

O. L. Rua 
Center for Organisational and Social Studies (CEOS.PP), Porto School of Accounting and 
Business (ISCAP), Polytechnic of Porto (P.PORTO), S. Mamede de Infesta, Portugal

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
J. C. de Oliveira Matias et al. (eds.), Quality Innovation and Sustainability, 
Springer Proceedings in Business and Economics, 
https://doi.org/10.1007/978-3-031-12914-8_15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-12914-8_15&domain=pdf
https://orcid.org/0000-0003-0630-1544
https://orcid.org/0000-0001-9738-5485
https://orcid.org/0000-0002-2154-6171
https://orcid.org/0000-0002-1593-7440
mailto:vanessa.amorim@ua.pt
https://doi.org/10.1007/978-3-031-12914-8_15


188

1  Introduction

The current markets where organizations operate are increasingly unstable and 
uncertain due to technological changes becoming more disruptive [1]. In this sense, 
the authors [2] suggest that maintaining dynamism in an increasingly competitive 
context is synonymous with business intelligence. According to this, business intel-
ligence, which is an analytical tool, helps businesses make important decisions 
while taking their long-term performance into account [3].

Although knowledge is regarded as a valuable resource in an organization 
because it contributes to the achievement of competitive advantage [4], given the 
technological context in which we currently live, it is essential to emphasize its 
integration within the scope of competitive intelligence because this concept is 
broader and includes the agglomeration of the concepts of data, information, and 
knowledge to develop strategies and insights that help organizations to strategically 
make decisions [1]. Competitive intelligence, like business intelligence, is widely 
regarded as a necessary tool for every organization attempting to survive and, more 
importantly, remain competitive in the marketplace [5].

Given the importance and recognition defined in the literature, the concepts of 
business intelligence and competitive intelligence are critical for enhancing organi-
zations’ competitiveness and development in an increasingly technological environ-
ment where decision-making ability is crucial for an effective strategy. In this 
scenario, it becomes critical to examine how researchers have contributed to this 
subject by bibliometric analysis. Following the literature review to identify possible 
gaps in the literature, it is concluded through the Scopus database search that there 
are no studies that are a bibliometric literature review researching the concepts of 
business and competitive intelligence.

After considering the research question, “Which authors, articles, and journals 
contribute significantly to state of the art in the area of business and competitive 
intelligence?” it was established that the objectives are based on defining and under-
standing the trends of publications and collaborations between countries; the most 
relevant journals in the area; and the interconnections between authors, keywords, 
and publications. Thus, this paper will resort to a bibliometric analysis, parameter-
izing the query used in the Scopus database between the years 2017 and 2021.

Between 2017 and 2021, the results demonstrate that 132 authors authored 42 
publications on business and competitive intelligence. Regarding the evolution and 
classification of scientific production, it is clear that the publication of research on 
business and competitive intelligence has decreased significantly since 2017. The 
United States has the most publications (19), followed by China (16), Australia 
(12), Italy (12), and Portugal (12). The United States and Turkey, Portugal, and 
Spain are the leading countries the authors collaborate with. In terms of publications 
with the most significant impact on the scientific community, this analysis deter-
mined that Decision Support Systems and Industrial Management and Data Systems 
journals have the highest total number of citations and H-index. Finally, the authors 
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[6, 7] summarize the articles that received the most global citations between 2017 
and 2021.

The chapter is divided into five sections. Section 1 introduces the concepts of 
business intelligence and competitive intelligence and their associations, and pres-
ents the research question, objectives, and main results from the bibliometric analy-
sis. Section 2 presents the literature review, divided into two subsections, namely, 
business and competitive intelligence, highlighting the main concepts and their 
interrelation to organizations. Section 3 presents a detailed analysis of the method-
ology used and the criteria applied in the Scopus database. Section 4 presents the 
study’s results, subdivided into subsections that specifically address (1) character-
ization of the data collected; (2) evolution and characterization of scientific produc-
tion; and (3) bibliometric analysis. Finally, Sect. 5 presents the final considerations 
of this study, further identifying its limitations and the possibility of future research.

2  Literature Review

2.1  Business Intelligence

Business intelligence, like competitive intelligence, originated in the 1950s due to 
researchers‘efforts to generate and collect massive volumes of data [8]. The concept 
of business intelligence is a significant mainstream trend in organizations nowadays 
as it allows unsupported work to be eliminated or reduced, allowing specific deci-
sions to be made based on automated information systems, which in addition pro-
vide better management of immediate decisions [2]. In this follow-up, organizations 
use business intelligence systems to analyze disparate data sources and, as a result, 
perform predictive analytics that enables the building of real-time responses [3]. 
Additionally, the authors [9] assert that there is actual evidence that business intel-
ligence is favorably connected with an organization’s ability to develop 
internationally.

Business intelligence tools enable decision support through various elements [3]. 
Thus, the following components might be considered to help organizations improve 
their decision-making processes: (1) personalized reports; (2) information overload 
mitigation; (3) management performance evaluation; (4) business process simula-
tion and scenario planning; (5) add-on features; (6) collaborative business intelli-
gence; (7) data governance and cloud connection; and (8) collaborative business 
intelligence [3].

Despite the apparent benefits of business intelligence systems, limitations to 
their use are highlighted, including the following: (1) “its use as a data analytic 
system for achieving strategies since its typical use is in reporting KPIs by metric 
measurement”; (2) “its usability limited to few select staff instead of every BI user 
for establishing decisions”; (3) “drilling down through data layers for extracting 
information instead of using data supplied into BI tool for analysis”; (4) 
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“responsibility of the IT team for data integration from disparate sources instead of 
business managers”; and, finally, (5) “poor data quality maintenance discipline by 
the organization” [3].

2.2  Competitive Intelligence

According to the authors [1], competitive intelligence is “a process that generates 
actionable information about the firm and its external environment to help firms in 
making market-related decisions.” From the same perspective, the Strategic & 
Competitive Intelligence Professionals adds that the concept “is a discipline that 
enables organizations to reduce strategic risk and increase revenue opportunities by 
having a deep understanding of what has happened, what is happening, and what 
may happen in their operating environment” [10]. The author [5] notes, on the other 
side, that the concept is not recent, having been introduced into business reality in 
the 1960s as part of marketing research.

Considering the volatility and nonstability of the organizations’ environments 
[11], this concept extends far beyond the fact that it attributes competitive advan-
tages to organizations while seeking to ensure business sustainability. Insofar as the 
new structural resources of organizations are currently represented by data, infor-
mation, tacit and explicit knowledge, it is essential for organizations in the current 
century to develop intelligent competitive environments [1].

In terms of competitive intelligence’s results in Europe, the authors [12] demon-
strate in their study that the application’s reach has expanded incrementally in areas 
connected to the organizations’ clients, technology, and markets.

3  Methodology

To gain a comprehensive understanding of business and competitive intelligence in 
the business context, scientometrics was used to identify the significant contribu-
tions to this topic. In 1969, Nalimov used scientometrics to refer to a quantitative 
technique for assessing science as an information process [13]. The assessment of 
the quality and influence of research publications and academic journals, the com-
prehension of scientific citations, and the mapping of scientific areas are significant 
research concerns [14].

The research was conducted in February 2022, throughout the Scopus database, 
applying the terms “business intelligence” and “competitive intelligence” within 
article titles, abstracts, and keywords, as it is possible to observe through the follow-
ing query – TITLE-ABS-KEY(“business intelligence” AND “competitive intelli-
gence”) AND (LIMIT-TO (PUBSTAGE, “final”)) AND (LIMIT-TO 
(DOCTYPE,“ar”)) AND (LIMIT-TO (SUBJAREA, “BUSI”)) AND (LIMIT-TO 
(EXACTKEYWORD,“Competitive Intelligence”) OR LIMIT-TO 
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Table 1 List of items and search criteria

Items Criteria

Time horizon 2017–2021
Database Scopus
Keywords “Business intelligence” and “competitive 

intelligence”
Subject area Business, management, and accounting
Document type Articles
Type of publications Journals
Publication stage Final
Language English
Software Bibliometrix R
Documents analyzed 42

(EXACTKEYWORD,“Business Intelligence”)) AND (LIMIT-TO 
(LANGUAGE,“English”)) AND (LIMIT-TO (SRCTYPE,“j”)) AND (LIMIT-TO 
(PUBYEAR,2021) OR LIMIT-TO (PUBYEAR,2020) OR LIMIT-TO 
(PUBYEAR,2019) OR LIMIT-TO (PUBYEAR,2018) OR LIMIT-TO 
(PUBYEAR,2017)). Scopus’s inclusion criteria are listed in Table 1.

4  Results

4.1  Characterization of the Data Collected

Between 2017 and 2021, 132 authors published 42 articles on business and com-
petitive intelligence diffusion, with 2475 references. The literature is highly collab-
orative since collaboration among authors appears to be a vital component, and as a 
result, just five authors have written works independently. Table 2 presents a sum-
mary of the data collected.

4.2  Evolution and Characterization of Scientific Production

In terms of the temporal evolution of publications, Fig. 1 illustrates researchers’ loss 
of interest in the topics. Accordingly, there has been a significant reduction in 
research publishing on business and competitive intelligence since 2017.

Additionally, the current analysis attempted to discover which nations publish 
the most significant amount of publications on the topics under investigation. The 
relevance of each country in terms of the total number of publications evaluated is 
depicted in Fig. 2, according to the land of the primary author. As it is possible to 
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Table 2 Characteristics of the data collected

Description Results

Main information about data

Time span 2017:2021
Articles 42
Average years from publication 3.55
Average citations per document 13.02
Average citations per year per doc 2.748
References 2475
Document contents

Author’s keywords (DE) 162
Authors

Authors 132
Authors of single-authored documents 5
Authors of multi-authored documents 127

Fig. 1 Evolution of the number of publications by year

verify, the countries with the highest scientific production are the United States with 
19 publications, China (16), Australia (12), Italy (12), and Portugal (12).

Furthermore, a map can be used to determine the origins of the contributing 
authors. As illustrated in Fig.  3, the significant collaborations between authors 
include the United States of America and and Turkey, and Portugal and Spain.

The H-index is a bibliometric indicator that is widely regarded as extremely 
valuable. According to the authors [15], the H-index should (1) “reflect elements of 
reality that are useful for evaluation and meaningful in a statistical sense and ideally 
have predictive power”; (2) “not lead to undesirable incentives that are detrimental 
to the progress of science”; (3) “not be too sensitive to small variations in bibliomet-
ric records that could be due to random events”; and (4) “be not too difficult to 
obtain from existing databases.”
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Fig. 2 Publications by country

Fig. 3 Country collaboration map

The association between the most prominent journals on the topic of analysis, 
the number of publications, their H-index value, and the total citations index is 
shown in Table 3.

The word growth associated with the keywords, as shown in Fig. 4, in terms of 
cumulative occurrences after 2019 suffered a slight growth, but has remained with 
a stabilizing trend. On the other hand, it can be seen that the keyword “competitive 
intelligence” represents about 40% of the occurrences, which justifies the relevance 
of this topic, and the keyword “information analysis” is the second keyword with 
more occurrences, gathering about 25% of them.
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Table 3 Journals with the most significant number of publications and the respective H-index and 
total citations

Journal
Number of 
publications H-index

Total citations 
index

Decision Support Systems 6 6 261
Industrial Management and Data Systems 4 3 40
Journal of Cases on Information Technology 3 1 5
International Journal of Business Intelligence 
and Data Mining

2 – –

International Journal of Information 
Management

2 2 22

Fig. 4 Word growth in terms of cumulate occurrences

4.3  Bibliometric Analysis

The relationship between the authors, the topics investigated, and the journals in 
which their results are published can be seen in the three-field chart in Fig. 5. The 
bigger the colored rectangles are, the more critical a journal, keyword, or author is 
in the graphical analysis.

The bibliometric analysis also establishes a direct relationship between the 
researchers with the highest number of publications and the overall production of 
the principal authors over several years in the context of business and competitive 
intelligence research (Fig. 6).

Regarding direct citations through Fig. 7, it is possible to analyze the documents, 
authors, and journals that accumulate the most significant number of global 
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Fig. 5 Collaborative network between keywords (left), authors (center), and journals (right)

Fig. 6 Top authors’ production between 2017 and 2021

citations. In this regard, it can be seen that Trieu (2017) and Arnott, Lizama, and 
Song (2017) present the articles with the highest numbers of global citations in the 
period between 2017 and 2021 [6, 7]. On the other hand, considering Fig. 6 as a 
comparative parameter, it can be noted that there is no direct relationship between 
the authors who gather the largest scientific productions and the global number of 
citations.
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Fig. 7 Most globally cited documents between 2017 and 2021

5  Conclusions

A bibliometric analysis of scientific production on “business intelligence” and 
“competitive intelligence” available in the Scopus database in the domains of busi-
ness, management, and accounting was carried out, resulting in the identification of 
42 publications in the final stages of publication in these fields.

This analysis was used to characterize the scientific production framework, 
which included determining which countries contribute the most to scientific publi-
cation and the collaboration between countries, the temporal evolution of scientific 
production, which journals contribute the most to publications on this topic, the 
impact on terms of the H-index, and the number of publications.

There has been stabilization in scientific production on the topic addressed in 
recent years. Research peaked in 2017 and demonstrated that the new trend is data 
mining and decision support systems.

Since the topics of competitive intelligence, business intelligence, data mining, 
and decision support systems are interconnected, it is expected that the scientific 
community approaches all the issues to add value through theoretical and practical 
implications in organizations.

The results also allow us to establish that greater cooperation between the inter-
national academic community should be promoted because, in terms of geographic 
analysis, there is a smaller number of nations that contribute to the scientific produc-
tion of this theme, given the existence of an international collaboration that is not 
significant, except the cooperation between the United States and Turkey and 
Portugal and Spain.

This work has a significant limitation that could be addressed in future research. 
In addition, because the analysis was limited to a specific study field within the 
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context of business, management, and accounting, it would be very beneficial to 
understand how this topic has grown through time, particularly in computer science, 
considering a more extended period for this purpose.
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Abstract This chapter aims to present the history of role-play simulation (RPS), its 
application to the design of an integrated management system, and show the survey 
results using IMS-RPS to improve the existing course. The target group discussion 
methodology was used based on interviews conducted via the Internet during the 
Covid-19 pandemic. The objective of the group discussion was to innovate the qual-
ity management system master course curriculum at the Technical University of 
Košice (TUKE). The learning outcomes for the study were selected by a team of 
experts involved in the KEGA 018TUKE-4/2022 and VEGA 1/0633/20 projects. 
We tested a new approach to education during a pandemic on a sample of master’s 
students using the innovated RPS virtual environment, smart glasses, and WebEx 
team collaboration tool using Verbal Feedback method. The results contributed to 
learning, knowledge creation, and knowledge transfer. The limitation of the study is 
the complexity of the organization’s environment and the measurability of achieved 
real improvement as well as possible empirical verification of the results.
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1  Introduction

Simulation of real situations has been with humankind for a long time. Today, 
simulation as advisable and purposeful experimenting with a model has found its 
fixed place in many fields and disciplines [1]. Besides simulations in dynamic socio-
eco- technical systems, the simulation could also be used for training people. In a 
simulated environment, a person acquires new skills and learns how to react to new 
situations. Such training is cost-effective, and the experience can confirm its fruit-
fulness [2, 3]. A specific tool for such education is role-play simulation (RPS), an 
experiential learning method where participants (role-players) improvise the story 
with learners as part of a simulated scenario. Role-play is widely acknowledged as 
a powerful technique across multiple avenues of training and education [4, 5].

RPS dates back to the 1960s when William A.  Gamson at the University of 
Michigan developed SIMSOC [6], which primarily aimed to build first-person 
experience in a safe and supportive environment. Using RPS for medical patient 
role-playing was invented by Howard Barrows in 1963 at the University of Southern 
California, and later it was also used for military training [7], law enforcement train-
ing [8], business leadership training [9, 10], quality control training [11], manage-
ment system development [1, 12], and also for overcoming the resistance of change 
and forecasting [13, 14].

RPS in the industry emerged in the late 1990s, primarily in the United Kingdom, 
when Simulation & Gaming Yearbook began to be published [15]. Many companies 
specialize in providing role-players for workplace simulations. Practical training 
can be more expensive the more complex the system. Similarly, education for stu-
dents without the possibility of internships is inefficient. A complex situation is a 
situation that can be difficult to define and can change significantly in response to a 
solution; it may not have a single “correct” answer; has many interconnected causal 
forces, and many stakeholders [16].

Whenever individual learning involves personal mastery, mental models and 
team learning require a shared vision and values, a comprehensive understanding of 
the organization’s processes and products and their interconnections are needed, 
and systems thinking is essential [17, 18]. Systems thinking offers a way to predict 
future results better and navigate difficult situations. All new situations require 
some learning, and in some cases, learning can take place in a low-cost environment 
in the form of simulation and role-playing [19]. Such a situation is also a project for 
developing an organization’s quality management system or an even more complex 
problem when it is necessary to integrate several management systems [20, 21]. 
Management system role-play simulation (MS-RPS) methodology and software 
help overcome this complexity. Further development of this idea is using human 
activity in a simulated environment to modify it and create a new, better environ-
ment. The results are two facts: (1) a new environment and (2) new skills in this 
environment. New skills acquired this way include overcoming resistance to change, 
which arises as a natural human response to change and often hampers new prac-
tices and tools [13]. By including a person in the situation, a modification of the 
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environment is achieved that reflects the current abilities of the persons involved. 
This is also advantageous when implementing a new management system created 
using RPS.

This chapter aims to present the history of role-play simulation (RPS), its appli-
cation to the design of an integrated management system, and show the Verbal 
Feedback survey results using IMS-RPS to improve the existing course. The follow-
ing sections describe the existing MS-RPS methodology, its extension for the inte-
grated management systems projects, and the results of target group discussion, 
which allowed us to design the sequence of steps needed to achieve learning objec-
tives and learning outcomes for contemporary Industry 4.0.

2  Description of the Management System 
Role-Play Simulation

The first version of the role-playing simulation, developed at the Technical 
University in Košice [19], took the form of paper-playing cards with a user manual 
and focused on the quality management system (QMS) development project and 
participants’ training. Since then, understanding of business models, management 
systems, and value creation has changed and developed considerably. Markets, 
industries, as well as society are changeable [22]: from local to global [23]; from 
product-oriented to process-oriented [24]; from analog to digital [25]; from the sup-
ply side to the demand side [26]; from closed to open [27]. Information and com-
munication technologies (ICTs) have also been developing in parallel.

RPS is intended to provide players and potentially interested parties with the 
opportunity to experiment with the simulated context (that mimics reality) of the 
organization, organizational structure, process model, roles and responsibilities, 
inputs and outputs, and internal auditing. The teacher/moderator uses the role- 
playing methodology to gradually achieve the course’s learning objectives during 
the course. The role-play simulation‘s new, integrated management system model 
focuses on management systems design using the integration of ISO 9001:2015, 
ISO 14001:2015, and ISO 45001:2018 standards. The integrated management sys-
tem role-play simulation (IMS-RPS) aims to contribute to learning, knowledge cre-
ation, and knowledge transfer obtained through a web-based role-play simulation 
environment as a training and development tool [1, 28]. An IMS combines all 
aspects of an organization’s systems, processes, and standards into one intercon-
nected unit. This integration allows a business to streamline its management, save 
time, and increase efficiency by viewing all components of the management system 
as a whole [29, 30]. The essence of the innovated role-play simulation is team 
experimentation with pre-prepared processes and their inputs and outputs within the 
IMS. The team consists of students or managers, engineers, and employees of any 
organization. Experimentation concerns the organization’s context, policy, strategy, 
and goals. Players occupying managerial positions then play for process ownership, 
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Fig. 1 Linking RPS participants and hardware and software during education

linking inputs and outputs, and internal audit of the management system. The exper-
imentation results are recorded in pre-prepared templates, which form the basis for 
documenting the information. The links between the RPS participants and hardware 
and software are shown in Fig. 1.

Elements:
• Moderator: teacher
• Player: student, manager, engineer, employee
• Organization: assistant from the organization
• Software: IMS-RPS, smart glass, process modeling
• Hardware: ICT, Internet, smart glasses

Relations:
• 1, 2, 3, 4, 5, 6 – links between moderator and player, an assistant from the orga-

nization, software, and hardware
• 7, 8, 9 – links between assistant and smart glass software and ICT
• 10, 11, 12 – links between players, software, ICT, and external environment dur-

ing specific the time
• 13 – feedback from the players for RPS or moderator improvement, memory 

information, and self-assessment
• 14 – moderator feedback for RPS maintenance and improvement

After choosing the management system to be played, the moderator explains to 
players that they will play the role of the organization’s managers. Their task is to 
create an organization’s management system according to one of the ISO manage-
ment standards or integrated system.
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Under the guidance of the moderator, players go through the individual stages of 
the role-play and perform the assigned tasks. They can help each other, discuss with 
the moderator, study online documentation, and use additional equipment such as 
smart glasses. Typical smart glasses applications are listed in [31]. Smart glasses are 
used to understand a student’s experience, abilities, and nature as a teacher. They 
can be used for video recording and capturing essential points using an image, but 
mainly a virtual accompaniment of participants through the environment of an 
entire organization for which a new management system is to be prepared according 
to predefined requirements.

3  MS-RPS Software

Web-based software was developed in the PHP language. MySQL database was 
selected for data storage. The database contains

• Main situation types for QM–RPS in an organization from the points of view of 
the quality policy, efficiency, and effectiveness.

• Main situation types in product quality from the technological, material, produc-
tion, and service provision points of view.

• Main situation types in production processes quality concerning performance 
and qualitative capability.

• Main managing activities for the detailed development and valuation of process 
importance in RPS (planning, organization, leadership, and control).

• Worksheets – “Play cards” for the process definition in quality management role- 
play simulation in compliance with ISO 9001:2008, 9004:2000, the EFQM 
Excellence Model, and the MBQA National Quality Award Model. These should 
be partially completed by processes to be solved.

• Blank graphical management systems models of process definitions for players 
to take notes.

• Blank matrices of integrated quality management processes and managers par-
ticipating in role-play simulation.

• Graphical model of main processes in the value chain and relevant activities or 
groups of activities that have to be performed by managers participating in RPS.

Language versions of role-plays are recorded in the database, enabling various 
players to participate in the play in various languages simultaneously. As part of the 
play, there is a monolingual explanatory dictionary and a library of detailed infor-
mation to facilitate the players’ decision-making process.

Examples of a player’s graphical interface for phases 1 and 5 are provided in 
Figs. 2 and 3. The remaining phases’ interfaces are provided at http://web.tuke.sk/
simpro- ims/index_en.php.

Examples of a moderator’s graphical interface are provided in Figs. 4 and 5.
Other interface details are visible after logging the moderator into the system.
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Fig. 2 Phase 1: presentation of the organization

Fig. 3 Phase 5: management system documentation

4  Knowledge, Skills, and Competencies Acquired Using RPS

The research aimed to identify specific knowledge, skills, and competencies neces-
sary for the positions of quality managers, health and safety managers, environmen-
tal managers, integrated systems managers, and process engineers. RPS has become 
a key educational tool for teaching management systems courses for master’s degree 
students at the Technical University of Košice (TUKE).

Learning objectives for the courses have been discussed by an expert team con-
sisting of 5 representatives of industrial organization, 5 teachers, and 10 students. 
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Fig. 4 Following registered players by a moderator

Fig. 5 Monitoring the occupation of job positions by the moderator

The discussion survey began by compiling a list of required learning outcomes in 
various areas related to managerial and engineering skills, ISO standards, and the 
expertise needed for today’s Industry 4.0, according to [32]. The list was distributed 
among the respondents, followed by comments and questions, collected and criti-
cally assessed to consolidate or discard unnecessary items. Learning objectives 
observed Bloom’s taxonomy [33] to be clear and appropriately structured. The 
result is six phases of IMS-RPS during which students achieve learning objectives 
as shown in Table 1.
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Table 1 Integrated management system role-play simulation phases and knowledge creation and 
skills acquisition

Phases Knowledge and skills

1. Organization presentation
   Familiarization with the organization
   Finding of the right people for the right roles
   Organization post accepting

Knowledge 
acquisition

2. Experimenting with integrated management system processes
   Selection from randomly distributed processes
   Purposely distributed processes acceptance
   Process responsibility acceptance

Knowledge creation

3. Experimenting with integrated management system process inputs and 
outputs
   Selection of inputs for chosen processes
   Inspection and revision of purposely distributed process inputs
   Assumption of inputs

Knowledge creation

4. Process definition and modeling
   Definition of the main (value-adding) process
   Modeling of these processes
   Simulation of these processes

Skills acquisition

5. Management system documentation development
   Development of the management system’s manual
   Development of the organizational directives
   Development of plans, programs, documented procedures, and records

Skills acquisition

6. Experimenting with IMS support
   Auditing of partner’s processes
   Creating audit objectives, plans, and report
   Evaluation of the audit results

Skills acquisition

5  Methodology

A target group discussion methodology was used. The lead researcher brought 
together two groups of individuals to discuss specific topics based on the partici-
pants’ complex personal experiences, beliefs, perceptions, and attitudes through 
moderated interaction [34, 35]. Identifying the main goal and defining the key 
research objectives of the study is the beginning of the research process [36]. Based 
on the research objectives, a list of questions was prepared as guidance for each 
focus group discussion session. Four questions were discussed with teachers and 
students, and industry representatives, such as satisfaction with the RPS teaching 
method, achievement of learning objectives, and the ability to comment and make 
decisions at each step to obtain relevant information about each item. The Verbal 
Feedback method [37] was used to evaluate the course by moderators/teachers as 
well as players/students.
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6  Discussion and Results

By providing students with realistic scenarios, similar to those in the workplace, 
students are able to solve problems and consider different perspectives while col-
laborating with classmates. This is consistent with Herrington’s description of “cog-
nitive reality” (Herrington et  al., 2009, p.  45), where students can apply new 
knowledge and develop skills needed for the real world. Role-play is widely 
acknowledged as a powerful teaching technique in face-to-face, blended, and online 
settings and has been singled out as an example of good practice, e.g., by the 
Australian Learning and Teaching Council [5, 38].

After completing the course, we asked teachers and students to evaluate the 
course. The most interesting findings from the verbal evaluation by teachers are 
described in Sect. 6.1 and by students in Sect. 6.2.

6.1  Teacher Satisfaction Survey Results

• Graduates have a profound knowledge of terms and definitions related to stan-
dardized management systems.

• They can distinguish between different types of organizations’ cultures and 
design an organization’s vision and values according to its mission.

• They can design, implement, and improve the quality of processes, products, and 
systems, make fact-based decisions, and plan and develop management systems 
projects.

• Based on the knowledge of the management systems requirements according to 
ISO 9001:2016, ISO 14001:2015, ISO 45001:2018, they understand organiza-
tional structures and related roles, can design authorities and responsibilities 
matrix, and prepare management system manual and related documentation. Can 
assess the risks associated with processes and products and manage change.

• They have the skills needed to audit management systems based on the recom-
mendations of ISO 19011:2019. They can compile an audit plan, perform an 
internal audit, and compile an audit report.

• They can present and defend the results of their creative activity, evaluate and 
make decisions in complex situations, lead larger teams, and prepare and imple-
ment extensive projects.

6.2  Student Satisfaction Survey Results

• RPS uses basic terms and definitions according to ISO standards and IMS prin-
ciples and concepts that are easy to remember.

• RPS links issues with organizations where ISO standards are in place.
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• The teacher had a high level of expertise in moderating the RPSs and an excellent 
overview for answering my questions.

• The first phase: Organization presentation was beneficial as it brought us into the 
organization environment, and the use of smart glass was especially interesting 
and new for us.

• The ability to model the organization’s processes using a software tool via remote 
server access was advantageous, especially during the pandemics.

• The ability to audit a process owned by a colleague helped me understand the 
principle of auditing.

7  Conclusion

The long-term application and development of IMS-RPS have proved its high effec-
tiveness both in educational processes and in implementing single management sys-
tem according to ISO 9001, ISO 14001, and ISO 4500, or an integrated management 
system in organizations [39]. The benefits of QM-RPS depend on the following 
facts: the purposefulness of an entrance QMS model, and competence and motiva-
tion of both moderators (teachers/trainers) and role-players (students/managers).

Pros and cons according to [40] and our experiences are as follows:

Pros:
• RPS allows students to use their knowledge and skills in practice.
• RPS outperforms resistance to change.
• RPS breaks the ice both between teacher and students and amongst the students 

themselves.
• Teacher will learn more about their students.
• Both students and teachers have a good feeling after RPS-based course.

Cons:
• Course may not go according to a plan.
• Students may be skeptical about it.
• What works for one group may not work for another.

The theoretical implication of the presented IMS-RPS reflects on learning in a 
way that makes tacit knowledge much more explicit and engaging. The practical 
sense of the RPS is when it is used for the IMS development in an organization. IMS 
can be developed in less time, role-play will overcome managers’ resistance to 
change, and participants will better understand the objectives, nature, and impor-
tance of the management system and documented information management.

The limitation of this study is the complexity of the organization’s environment 
and the measurability of achieved real improvement as well as possible empirical 
verification of the results.
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and Carina Pimentel 

Abstract Residual agroforestry valorization reduces the dependency on nonrenew-
able resources. It is also a source of cheaper, renewable, and greener raw materials. 
Apart from being used for energy production, it has the potential to be used as feed-
stock in various other industries if properly valorized. In this study, the potential 
biomass residues produced in Portugal are identified. An unstructured literature 
review was performed to identify potential residual biomass streams produced by 
agroforestry activities. Building on previous findings, a framework to support the 
identification of factors that can impact valorization efforts is proposed. The frame-
work can help to frame future research in developing sustainable business models to 
convert those low-value residues into value-added feedstock and products that can 
support local communities, businesses, and industries.
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1  Introduction

Residual agroforestry biomass valorization is a topic of great interest in the context 
of Portugal because 90% of the Portuguese territory is occupied by forests, trees, 
shrubs, and agriculture [1]. Over the past couple of years, there has been a steady 
rise in the agroforestry sector, especially after 2012. In 2014, 25% of agriculture and 
forestry in mainland Portugal consisted of agroforestry systems [2]. An agroforestry 
system is a land-use practice, system, or technology where tree plants are deliber-
ately integrated with crops and/or animals in the same land management unit – in 
some form of a temporal sequence or spatial arrangement – to improve, diversify, 
and sustain production for social, economic, and environmental benefits [3].

Forests account for over one-third of the Portuguese territory. Similarly, the agro- 
food industry in Portugal is one of the largest processing industries, with a turnover 
of over 15 billion euros in 2017 [4]. These activities result in large quantities of 
biomass residues that have the potential to become raw materials for other bio- 
based industries. A corporate study titled ‘Portugal’s Big Biomass’ estimated that 
the biomass consumption for electricity generation in 2020 had reached 2.8 million 
tonnes [5]. While another study, ‘Biomass resources in Portugal: Current status and 
prospects’, estimated the agricultural and forestry residual biomass only in the Alto 
Alentejo region to be 4000 dry tonnes per year and 40,000 dry tonnes per year, 
respectively [6]. This biomass can produce about 158,000 GJ of energy per year [6].

Similarly, Europe produces over 120 million tonnes of crop residues and 40 mil-
lion tonnes of residues from forestry. These two sectors were responsible for 
approximately 30% of the total waste [7] produced in the continent. The estimated 
substantial amounts of residual biomass from agriculture and forestry are primarily 
used in the energy sector. Therefore, there is a need for more research to find out 
how to valorize these residues better and to support national policies toward sustain-
ing and expanding local bio-based industries. Apart from its use in the energy sec-
tor, residual biomass from agroforestry can produce various products like cosmetics, 
dietary supplements, polymers for plastics, and even biofuels like ethanol, which 
can fuel vehicles and other machinery. Most agroforestry residues found in Portugal 
originate in forest maintenance and farming activities, including agricultural resi-
dues, animal manure, and food processing units [6].

To promote the residual agroforestry biomass valorization is essential to under-
stand its supply chain. This will support the development of sustainable business 
models, hence benefiting local stakeholders and driving economic growth. Further 
studies are required to identify the various sectors that can create value from resid-
ual agroforestry biomass, helping to create new jobs and income streams in rural 
and urban communities. An estimated 1.2 billion people worldwide are believed to 
be dependent on agroforestry systems [8], so this study would be useful in Portugal 
and other countries facing similar challenges of turning agroforestry residues into 
value-added products.

This study intends to understand residual agroforestry biomass valorization in 
the Portuguese context. This research was done by doing an unstructured literature 
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review related to the residual agroforestry biomass valorization options and chal-
lenges. After, a framework is proposed to contextualize the factors that can impact 
the residual agroforestry biomass valorization. The findings from this study can be 
used to find how to promote the residual agroforestry biomass valorization by local 
farms, businesses, and industries that could.

Following the introduction, the paper delves into residual biomass valorization, 
including the challenges and national policies that drive it. A proposed framework, 
future research needs, and the study’s conclusion are also discussed.

2  Residual Biomass Valorization

2.1  Data Collection Method

The following steps were followed to collect the most recent and appropriate 
literature:

• Step 1: The keywords ‘Agroforestry residues’, ‘residual biomass valorization’, 
‘sustainable practices’, ‘sustainable biomass business models’, and ‘biomass 
supply chain’ were used in the search query. All kinds of documents were 
retrieved, including journal articles, book chapters, books, reports, conference 
proceedings, news reports, independent reports, and studies by government and 
non-government bodies.

• Step 2: The articles and documents retrieved were then screened by their titles 
and keywords to ensure that they match the requirements of the study. All docu-
ments that were not written in English or Portuguese were excluded. Documents 
written in Portuguese were machine-translated to English to check for relevance. 
Duplicate articles and articles that were written before 2009 were removed to 
ensure that only the most recent studies have been used. A preliminary sample of 
110 documents was selected.

• Step 3: The articles were then screened by analysing their abstracts. Only the 
most relevant articles were used for the review. The final sample consists of 60 
documents, which were fully analysed. Only 36 of these texts have been used as 
references.

2.2  Food Crop Production

Eurostat for 2017 shows that about 54.3% of the agricultural land in Portugal is used 
for crop production, especially fruits and vegetables. Cereal crops like maize, rice, 
wheat, barley, and oats are farmed in sizeable amounts in the country. For example, 
statistics published by INE (Statistics Portugal) show that in 2019, 700,000 tonnes 
of maize, 160,000 tonnes of rice, 68,000 tonnes of wheat, 60,000 tonnes of barley, 
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Table 1 Estimated values of food crop production in mainland Portugal between 2019 and 2020

Food crops production quantity (tonnes)

Cereals Dried pulses Potatoes
Cultures for 
industry Vegetables

Fodder 
crops

Fresh 
fruits

1,044,002 5421 409,641 1,265,439 1,214,815 4,415,984 508,524
Berry 
species

Subtropical 
fruits

Citrus 
fruits

Dried fruits Vineyard Olive trees

43,779 89,646 422,929 79,117 853,384 722,578

Source INE

and 56,000 tonnes of oats were produced, which means that there is generally an 
abundance of residues from these food crops. Similarly, tomatoes make up approxi-
mately 98% of the industrial crops in Portugal, according to INE. Likewise, vegeta-
bles  – cabbage, fresh tomatoes, and carrots  – and fruits like grapes can also be 
considered primary food crops in Portugal [12]. Table 1 shows the number of food 
crops produced in tonnes between 2019 and 2020.

Wheat straw, maize stover, and barley straw have also been identified as the most 
promising source of feedstock for the bio-economy [9], as they contain a total con-
centration of lignocellulose of more than 80% of the dry matter. Lignocellulose is a 
sugar found in plants that can be converted into biofuels that can replace petroleum- 
based fuels, including jet fuel [10]. In 2019 Portugal produced an estimated 
7.04 thousand barrels of biofuel per day from biomass feedstocks [11].

2.3  Forestry Production

In Portugal, 5 species of trees are most relevant in production: 3.22 million hectares 
of forest area are home to the eucalyptus, maritime pine, umbrella pine, cork oak, 
and oak trees. These trees are found in the country’s Northern, Central, and Southern 
parts. The umbrella pine, evergreen oak, and cork oak are found in the southern 
regions, while the maritime pine is found in the Northern and Central regions, and 
the eucalyptus trees are found in all three regions. This makes forestry and its related 
value chains (cork, hardwood, paper, and pulp) key Portuguese economic sectors.

Private entities own forest ownership in Portugal as 91% of the forests, about 6% 
by local communities, and the state only 3% of it. According to the latest online data 
on the Institute of National Statistics Portugal (INE) website, the total value of for-
est production in 2017 was 1.25 billion euros. According to INE, the Gross Value 
Added (GVA) by forestry was over 800 million euros between 2015 and 2019, as 
shown in Table 2.

INE claims that the GVA of forestry production decreased in value in 2017 due 
to a series of large wildfires that covered about 168,000 hectares of land in 2016 and 
502 hectares of land in 2017. However, cork production, which is a crucial export, 
was not affected by the fires, and there was a 9.1% increase in its price. Portugal is 
the world’s largest producer of cork. Agroforestry residues are mainly used for 
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Table 2 Portuguese forestry economic accounts. Value of prices in millions (€)

Forestry production 2015 2016 2017 2018 2019

Coniferous timber for industrial uses 149.04 151.62 162.41 165.64 156.62
   Coniferous saw logs 128.11 130.67 142.42 145.64 135.44
   Coniferous pulp wood 15.72 15.25 13.73 13.89 15.28
   Industrial uses: other 5.23 5.7 6.26 6.14 5.83
Non-coniferous timber for industrial uses 309.11 299.62 303.5 288.59 283.29
   Non-coniferous saw logs 4.85 4.61 4.61 4.66 5.13
   Non-coniferous pulp wood 302.19 293.12 297.03 282.18 276.54
   Industrial uses: other 2.07 1.89 1.86 1.74 1.57
Fuel wood 51.87 50.68 53.21 55.35 62.33
Cork 236.46 245.75 230.66 242.88 208.88
Forestry and nursery plants 6.02 5.1 5.62 4.53 4.36
Gross value added at basic prices 929.78 916.82 900.37 869.12 812.79

Source: INE

energy production, and they include almond shell, grape stalk, cherry tree chips, 
chestnut tree chips, corncob, dried oil millstone, eucalyptus bark, extracted olive 
pomace, extracted olive pomace pellets, cereal straw, pruning residues from the 
vineyard, fruit trees, olive, and almond residues [13].

2.4  Residual Agroforestry Biomass Valorization

Residual agroforestry biomass valorization may be the key to finding a reliable, 
renewable source of raw materials or energy for various industries. Any industry 
needs to have access to raw materials to grow. Bio-based economies can only be 
sustainable if a justifiable amount of feedstock supports them. Therefore, industries 
need to work jointly with primary sectors to create and add value to residual bio-
mass such as food, feed, wood, and breweries. Studying further and finding ways to 
create new value chains that can support different industries and sectors is necessary.

The agroforestry biomass valorization can mitigate the dependency on nonre-
newable resources, restore degraded lands, protect crops and livestock from high 
winds, and improve soil quality and water conservation [14]. Similarly, biomass 
valorization can convert agricultural waste into energy and the possibility of devel-
oping bioenergy plants [15, 16]. Despite all the potential benefits, the residual agro-
forestry biomass valorization is just beginning to be considered as an alternative 
option and driver for sustainable economic growth [17–19]. Other value-added 
products, aside from bioenergy, are still being researched. In Latin America, for 
example, the use of residues to produce high-value biopolymers and plastics, biofu-
els, and nano-cellulose fibres from banana waste is of great interest [20].

Even though its importance and benefits have been researched, sustainable busi-
ness models to promote the residual agroforestry biomass valorization still need to 
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Table 3 Overview of studies on the valorization of residual agroforestry biomass

References Residues Study findings

[7] Pine tree branches, pine 
stump chips, tomato 
fruits, and winery 
wastewater

Four abundant residues from the Portuguese agroforestry 
industry showed promising potential within the 
biorefinery context

[24] Popular fruit crops like 
pears, oranges, and 
apples

Residues from popular fruit crops could be used to 
extract bioactive compounds that can be potentially used 
in the nutraceutical and cosmetics industry. Need for 
further research for deeper characterization of these to 
obtain safe and reproducible products

[1] Mediterranean 
agroforestry vegetation

Shrubs from forests were found to be better sources of 
energy as they have higher heating value and emit fewer 
amounts of undesirable elements and ashes than 
agricultural residues

[25] Hazelnut and olive tree 
residues

Premium quality biochar could be obtained from 
biomass residues. The researchers intended to define a 
biomass chain

be developed. The development of sustainable business models relies greatly on the 
supply chain and how it is managed. It is, therefore, necessary to identify the supply, 
demand drivers, resource availability, and the current government policies that 
influence them [21].

Since residual agroforestry biomass has little or no value, it becomes essential to 
understand how it can be turned into value-adding products [22]. Despite the impor-
tance of developing innovative and sustainable business models, current studies 
show that agroforestry biomass supply chains have been facing substantial chal-
lenges on the economic, operational, management, logistical, and inventory 
front [19].

Understanding the supply chain is important in developing and implementing a 
reliable framework based on strategic planning and efficient decisions to reach busi-
ness targets. A report [23] pointed out that relatively new businesses that used bio-
mass to produce biofuels and biochemicals faced resistance from farmers, who were 
unaware of its benefits. For supply chains to work smoothly, producers, distributors, 
and consumers need to understand the targets, plans, and activities that are incorpo-
rated into the whole network. This will lead to a more efficient and competitive 
supply chain.

Table 3 provides an overview of a few studies on the valorization of residual 
agroforestry biomass.

3  Challenges

Many traditional agroforestry systems across the European continent were extinct 
in the twentieth century due to industrialization, commercialization, and mechani-
zation resulting in the loss of traditional knowledge [26]. This caused a lack of 
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knowledge and advisory support in implementing agroforestry systems, which is 
considered a major barrier to creating profitability through agroforestry systems. 
Education and information sharing can help farmers choose species that enhance 
yields without compromising the main crop [27] while also understanding the 
nature of the biomass residues and how they can benefit from it.

In 2020 Portugal produced 860,000 tonnes of wood pellets. This required 
approximately 1.8 million tonnes of biomass, mainly from pine trees. There are also 
claims that much of the pellets that are being produced are not genuine forestry resi-
dues [6]. These claims of actual wood being used instead of residual forestry bio-
mass to produce pellets pose a high risk as business competition in this area could 
lead to deforestation as more and more trees are cut down to meet market demands 
[28, 29].

As mentioned in the introduction section, the Alto Alentejo region alone pro-
duced agriculture and forestry residues of 4000 dry tonnes/year and 40,000 dry 
tonnes/year, respectively. Although this data is not new, it gives an idea of the quan-
tity of biomass that is produced in the country. A report, ‘Mapping Portugal’s Bio- 
based potential’ [30], refers to the limitation of data on the exact amount of residual 
biomass produced. This limitation on data availability can make it challenging to 
analyse the cost of valorization of agroforestry biomass residues. For example, 
long-distance transportation of pine tree prunings for energy generation may not be 
cost-effective at all and could lead to little or no revenue. However, if these prunings 
were being used to create pellets that can be used to create premium quality biochar, 
then the distance may not be much of an issue in terms of cost-effectiveness.

The Portuguese government has supported agroforestry biomass valorization in 
various ways, like promoting investments in agriculture by allowing farmers grants 
through the Common Agricultural Policy [31]. Similarly, over the years, there have 
been several policies that have come into existence to regulate and promote the 
agroforestry sector. Recently, an 11-point recommendation to regulate bioenergy 
plants from misusing natural forests for their benefit [32] has been formed. Factors 
like the promotion of resilient ecosystems and systems that allow residual biomass 
systems to be incorporated into the soil to avoid ecological imbalance and the use of 
mostly surplus forestry residues for energy production (in contrast to the use of non- 
residual biomass) have been elaborated in the document.

Other initiatives to develop agroforestry valorization streams by the Portuguese 
government are as follows: (i) ‘The National Plan for promotion of Biorefineries’ – 
which aims to promote biorefineries in the Portuguese territory that can utilize low 
valued streams of residual biomass from agriculture and forestry sources to produce 
a variety of feedstock/raw materials [4] – and (ii) ‘The Circular Economy Action 
Plan’  – intends to develop methods which can minimize resource extraction, 
increase and encourage reuse while also developing new business models for eco-
logically efficient products and services [4].
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4  Proposed Framework

Sustainable business models to promote the residual agroforestry biomass valoriza-
tion still need to be understood. We can refer to a sustainable business model as a 
business design with a holistic approach that considers not just the economic value 
of the business but also the social and environmental value it can provide [32]. No 
industry or business operates in isolation; it exists within an ecosystem. It relies 
upon a supply chain, making it important to identify the supply, demand drivers, 
resource availability, and the current government policies that influence them [21].

Figure 1 proposes a conceptual framework to summarize the main elements of a 
residual agroforestry biomass system. Three factors need to be taken into consider-
ation: (i) collection processing and transportation cost; (ii) residual agroforestry 
biomass characterization; and (iii) availability and knowledge about valorization 
options for the biomass suppliers (private forest owners, local communities forest 
owners, farmers, and small farmers). Knowing this makes it easier for the suppliers 
to segregate the residues accordingly and sell them for a better price to the different 
industries and manufacturers wanting to buy these residues. Therefore, it is impor-
tant for them to be well aware of the various valorization options available for the 
feedstock they are supplying. The producers need to know the value of their raw 
materials. They also need to know what kind of value-added feedstock can be 
obtained from the residues that they produce. Where are they valorized – is it in 
bioenergy plants or pellet plants, or even biorefineries? Will it be used to produce 
bioactive compounds, biochar, pellets, or renewable energy? This will make it sim-
pler for them to understand the market demands better, calculate the costs involved 
in the process like transportation costs, and get returns from these low- value resi-
dues [22].

The production of residues depends on several factors like geographic location 
of production, climatic conditions that may affect supply like drought or wildfires, 

Governamental policies

Farmers Bioenergy 

plants

Local communities 

forest owners

Pellets 

plants

Other’s valorization 

options

Small farmers

Private forest 
owners

Residual 

Agroforestry 
Biomass Supply

Residual 

Agroforestry 
Biomass Demand

Renewable

Energy

Pellets

Biochar

Bio-active 

compounds
Collection-processing and 

transportation cost

Residual agroforestry 
biomass characterization 

and availability

Knowledge about valoriza-

tion options

Value adding-
products

Fig. 1 Framework for a residual agroforestry biomass system
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road access for transportation and costs involved, storage, and inventory [33, 34]. It 
is also important to consider the change in biomass yields from season to season 
while modelling a supply chain for biofuels or other value-adding feedstock.

However, this can only be possible with the right set of government policies that 
support residual agroforestry biomass valorization. In short, for residual biomass 
valorization to become a sustainable practice, it is necessary to identify the supply 
and demand drivers, the availability of resources, and the current government poli-
cies that influence them [1].

A report published in 2015 [23] pointed out that relatively new businesses that 
used biomass to produce biofuels and biochemicals faced resistance from farmers 
unaware of its benefits. The existence of good government policies that support the 
valorization of agroforestry biomass residues can encourage farmers and other 
stakeholders to invest in valorization initiatives. It is only after farmers and land-
owners are positively involved in the process can bio-based business streams 
become sustainable.

5  Conclusion

This paper presents an overview of residual agroforestry biomass valorization. 
Portugal has an expanding economy, and the number of agricultural products 
farmed, forestry, manufacturing of food and beverage, sludge, and pulp from the 
paper manufacturing industry are all strong indicators of the country’s high biomass 
residue production. The country is home to 3.22 million hectares of forest, while the 
agro-food industry is one of the largest processing industries, with over 15 billion 
euros in turnover. The biomass residue streams from these two sectors could have 
immense potential. But so far, few streams of biomass valorization have been pro-
moted apart from the use of woody biomass in the manufacturing of pellets to gen-
erate energy. A framework to support the identification of the factors that can impact 
valorization efforts has been proposed in this study.

Further studies are required to understand better how new feedstock can be gen-
erated from residues produced by agroforestry systems in the country and how it 
can also support other sectors of the economy by recognizing new employment 
sectors and creating new jobs and income streams in rural and urban communities. 
Future research in this subject matter can involve an in-depth study into the different 
sources of residual biomass like food crop production and forestry as well as to bet-
ter understand how the residual biomass from these activities can be valorized and 
used to support other industries, local businesses, farmers, and other stakeholders. 
Similarly, this study found that there is a need for future studies that explore the 
drivers and barriers of residual biomass valorization and provide methodologies for 
a better characterization of the supply chains that could operationalize sustainable 
business models for agroforestry residual biomass valorization.
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Environmental and Economic 
Sustainability of Electric Vehicles vs. 
Combustion Engine Vehicles Fueled 
with B15 and B30 Blends of Biodiesel

Luis Serrano, Marcelo Gaspar, and Cristina Correia

Abstract This research assesses and analyzes the impacts on energy consumption 
and the related carbon dioxide (CO2) emissions resulting from the use of electric 
vehicles (EVs) when compared with internal combustion (IC) diesel vehicles fueled 
with biofuels. Enhancing commercial fossil diesel fuel with 15% biodiesel (B15) to 
be used by a fleet of light-duty diesel vehicles was considered the starting point for 
this study. Based on data collected from this IC vehicles fleet, it was possible to 
analyze and compare the energy consumption and the related emissions resulting 
from the use of EVs with the same work operation. This research showed that the 
use of EVs presents a few comparative advantages, but also has some significant 
limitations. On what concerns the global CO2 emissions and energy efficiency dif-
ferences of both EVs and biodiesel fueled IC vehicles, these were not very signifi-
cant. The use of electric motorization implies a 50% reduction in CO2 emissions 
compared with the reference fossil diesel fuel and the use of B15 and B30 corre-
spond to a reduction of about 11.8% and 22.4%, respectively, in these same emis-
sions. However, there are additional constraints related to economic factors since 
the purchase of EVs is significantly more expensive than that of similar IC vehicles. 
The use and fleet management of EVs is also more complex due to the limitation in 
terms of vehicle autonomy, requiring more EVs and more people for the same oper-
ation. Thus, this type of analysis shows to be essential to support selecting the most 
sustainable and efficient options for the operation of a light commercial vehi-
cles fleet.

L. Serrano (*) 
School of Technology and Management, Polytechnic Institute of Leiria, Leiria, Portugal 

ADAI, Department of Mechanical Engineering, University of Coimbra, Coimbra, Portugal
e-mail: luis.serrano@ipleiria.pt 

M. Gaspar 
School of Technology and Management, Polytechnic Institute of Leiria, Leiria, Portugal 

C. Correia 
PRIO Energy, Aveiro, Portugal

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
J. C. de Oliveira Matias et al. (eds.), Quality Innovation and Sustainability, 
Springer Proceedings in Business and Economics, 
https://doi.org/10.1007/978-3-031-12914-8_18

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-12914-8_18&domain=pdf
mailto:luis.serrano@ipleiria.pt
https://doi.org/10.1007/978-3-031-12914-8_18


224

Keywords Sustainability · Energetic efficiency · CO2 emissions · renewable 
energy · biofuels · Electric vehicles

1  Introduction

1.1  Energy and the Transport Sector

The transport sector has a very significant impact on greenhouse gases (GHG) emis-
sions and other environmentally harmful pollutants. In fact, in Europe, this sector 
has an overwhelming dependence on liquid fossil fuels, corresponding in 2017 to 
95.3% of the energy sources used by vehicles [1]. Transport effectively represents 
one of the sectors with the greatest difficulty in changing its growth trend and in 
promoting an energy transition to sources with reduced environmental impacts. 
Automotive vehicles present high energy intensity, significant impacts on GHG and 
air pollution, with the main incidence in urban areas [2]. Compared to the year 
2020, a doubling of the number of vehicles worldwide is expected to occur before 
2050 [3]. In the European Union, about 25% of CO2 emissions are the responsibility 
of the transport sector, considering that the road transport component contributes 
about 2/3 of these emissions and transport also represents about one-third of the 
total energy consumption [4, 5].

The charts presented in Fig. 1 show that some of the non-fossil energy solutions 
that have been used in 2017 still have very low values. These non-fossil green alter-
natives to conventional fuels include biofuels (biodiesel and bioethanol) and elec-
tricity. It is understood that any of these solutions may present greater weight in the 
energy supply to the transport sector with significant benefits for the environment, 
both locally and on a global scale.

Fig. 1 Road transport energy consumption in Europe in 2017. (Adapted from Statistical Office of 
the European Union (Eurostat) [6])
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Biodiesel is an organic substance gathered from the fatty matter of vegetable or 
animal products through a transesterification reaction. It is being seen as a solution 
for today’s fleets and almost all countries are preparing a policy for the production 
and use of biodiesel in their transportation sector [7, 8].

Generally, EVs are considered zero-emission vehicles (0 g CO2/km). However, 
even though the use of electricity in vehicle propulsion represents an effective 
decrease in CO2 emissions, these emissions still must be considered and assessed. 
The determination of these emissions is dependent on some uncertainty based on 
three factors: The clear definition of the effective market penetration, the energy 
mix that is used in the production of electricity and, finally, the impacts on infra-
structure, whether in the production of batteries and vehicles or in the very need to 
change the electricity distribution network [9, 10].

1.2  Main Goals of the Research

To discuss the sustainability and economic impacts of the two energetic alternative 
options to be used as a replacement for fossil fuels in actual vehicles, namely, elec-
tricity and biodiesel, a real case study based on a fleet of commercial IC vehicles 
was considered. Selecting a fleet of light-duty vehicles that perform a day-by-day 
commercial trip that uses diesel fuel, a comparative analysis was carried out to dis-
cuss the impacts on energy consumption and carbon dioxide emissions considering 
the use of biodiesel and electricity. Biodiesel has as one of the main advantages the 
characteristic of not requiring the change of the current vehicles’ technology, once 
it can be used in IC engines like those operating in actual fleets. Nevertheless, it also 
has the disadvantage of still having some pollutant emissions, even though it allows 
lowering the pollution problem with a significant CO2 reduction, the remaining pol-
lutants can only be partially reduced, and therefore not fully eliminated [11, 12]. 
Nevertheless, electric energy also presents several critical issues, namely, the range 
anxiety of EV drivers due to its limited autonomy range and the fact that changes in 
the energetic consumption depend significantly on the driving patterns [13].

The main objective of this work is to reduce some of the uncertainties related to 
several assumptions and considerations usually presented in the current literature 
available both for biofuels and for electric energy used in traditional vehicles. To 
further support this research, a real case study based on an actual fleet of light-duty 
commercial vehicles was considered. To assess the main advantages and limitations 
of these green alternatives to fossil fuels, a blend of 15% of biodiesel in diesel fuel 
(B15) and a blend of 30% of biodiesel in diesel fuel (B30) was considered as a start-
ing point to analyze and discuss the environmental and economic sustainability of 
the same vehicle using IC engines and electric motorization.

Environmental and Economic Sustainability of Electric Vehicles vs. Combustion…



226

2  Methodology

2.1  Fleet Characterization

For over 2 years, the monitoring of a fleet of light-duty vehicles equipped with an 
IC engine with a cylinder capacity of 1400 cm3 with direct injection and compres-
sion ignition system has been carried out. In the analysis of this fleet, the records of 
13 vehicles were considered.

For the present work, two analogous periods were considered in consecutive 
years. In the first period (February 2019 to September 2019) the vehicles were 
fueled with commercial diesel (containing up to 7% biodiesel), while in the second 
period (February 2020 to September 2020), the same vehicles were fueled with a 
blend of 15% biodiesel in diesel fuel (B15).

Considering the problem of food supply, biofuel must be produced from feed-
stocks that should not have been directly or indirectly used for food, but should 
consider other sources, mainly from biomass. The most straightforward way to 
accomplish this is by considering the production of biofuels from biomass that is 
currently treated as either waste or that is a co-product of existing production pro-
cesses with very low or negative current economic value. Some examples that can 
be considered to obtain biofuels are municipal garbage, crop residues, wood and 
forest residues, and used vegetable oils from restaurants and people’s homes.

The biodiesel employed in the present project considered the process of trans-
esterification of used vegetable oils. This has in fact two main advantages. One, it is 
the energetic exploitation of a residue instead of using other useful sources which 
can represent an effective way to reduce carbon emissions; the other is that it gives 
a value to a resource that represents a problem to the wastewater treatment if it is 
delivered to the sewage conducts.

The characterization regarding the use of the vehicles, namely, considering the 
daily average distance travelled by each vehicle and its average speed is presented 
in Fig. 2. Observing these results, it is possible to verify that the largest distance 
travelled each day (on average) by the vehicles is lower than 250 km, with some of 
them travelling less than 50 km per day. On what concerns the average travelling 
speed of the vehicles in the observed fleet, it ranged between 20 and 40 km/h.

To characterize alternative fuel consumptions and related impacts, this study 
considered as base results the data collected during two consecutive years from a 
fleet of light-duty vehicles using commercial diesel and also B15 biodiesel. It is 
important to mention that the biodiesel used is obtained from used cooking oils, 
which are subject to a transesterification process and a quality control program to 
ensure compliance with the EN14124 standard and consequent use in internal com-
bustion engines.

Based on the defined parameters, it was possible to outline different scenarios 
using green alternatives in order to evaluate, based on this real situation, what are 
the expected impacts considering either the use for the same fleet of vehicles renewal 
or the possibility of maintaining the fleet, but increasing the amount of biodiesel 
incorporation up to 30% (B30).

L. Serrano et al.
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Fig. 2 Fleet of light-duty vehicles’ daily average travel speed and distance

2.2  CO2 Assessment Method

The CO2 emissions into the atmosphere have a significant impact on global warm-
ing. This effect has worsened over the last century, mainly since combustion repre-
sents one of the main means of producing energy in the form of work and heat. In 
the combustion process, the oxidation reaction of hydrocarbons that constitute fuels 
occurs, with the release of water and carbon dioxide when this reaction occurs in an 
ideal way and the release of other pollutant compounds such as CO, NOx, and car-
bonaceous particles that come from disturbances in the reaction process.

Nevertheless, the reduction of CO2 emissions by using biofuels does not elimi-
nate these pollutant emissions as, to produce energy in the form of work, it is neces-
sary to perform a combustion reaction. This process will correspond to an amount 
of CO2 emissions that depends directly on the amount of carbon existing in the fuel. 
However, the use of biofuels, such as biodiesel, allows capturing CO2 from the 
atmosphere through the growth of plants from which oil is extracted, which then 
allow for the production of biodiesel. Therefore, the use of biodiesel makes it pos-
sible for a greater amount of CO2 not to be accumulated in the atmosphere, as in a 
short period it extracts the CO2 molecules that will be emitted after combustion. In 
a study carried out by the US Departments of Agriculture and Energy [14], it was 
possible to quantify the CO2 emission’s reduction resulting from the use of B100, 
which, when compared to fossil fuel, was 78.45%. The same study shows that the 
benefit in CO2 reduction with the use of B20 was 15.66%. These values will be used 
to assess the reduction of CO2 emissions with the use of B15 and B30. The emission 
levels associated with biodiesel fuel can be regarded as a carbon credit related to the 
production of biodiesel using photosynthesis [11].

The determination of the CO2 emissions related to the use of EVs is not direct or 
a simple process. Neither can it be done lightly. If not done properly, such 
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Fig. 3 Energy mix for electric energy produced in Portugal (3° trimester 2021) [10]

assessment may lead to completely different and even conflicting values [9]. On the 
one hand, the impacts to produce batteries and the EVs themselves have different 
impacts and requires for distinct resources and processes when compared to tradi-
tional IC vehicles. On the other hand, travelling with the EVs requires using electric 
energy, which can be fully renewable or completely produced in a thermal power 
plant using the combustion reaction of coal or natural gas. In this sense, it is impor-
tant to use what is called the local energy mix. Such mix results from different ways 
and sources of producing electric energy. It conveys, in average terms, the resources 
used to produce the energy used to charge the EVs’ batteries, either by using renew-
able sources or by using fossil resources. This energy mix globally corresponds to a 
related amount of CO2 emissions. In the case of Portugal, considering the third 
quarter of 2021 as a representative example, it is possible to identify the different 
sources used to produce the energy distributed in the electric grid, as shown in 
Fig. 3, which corresponds to a CO2 emission of 316.74 g/kWh [15].

The results considered for the above-presented energy mix will be used to assess 
the amount of CO2 emissions from the use of EVs in Portugal, considering the 
equivalent routes travelled by the light-duty fleet of IC vehicles.

3  Results

3.1  Measured Values: Diesel and B15

The main characteristics of the current case study fleet of light-duty IC vehicles is 
presented in Table 1.

The average daily distance traveled by each of the vehicles and the related fuel 
consumptions are expressed in Table 2. These results consider the monitoring of the 
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Table 1 Vehicle fleet characteristics

Year 2015–2017
Engine 1396 cm3

Max power 90 hp
Max torque 220 nm
Max speed 169 km/h
Fuel Diesel
Weight 1249 kg
Emission homologation type Euro 6
CO2 emissions (homologation) 98 g/100 km
Fuel consumption (homologation) 3.8 lts/100 km

Table 2 Vehicle fleet measured results

Vehicle
Daily average travel distance

Fuel consumption
B15 Commercial diesel (B7) Difference

km liters/ 100 km liters/100 km %

LDV1 231.9 5.89 5.57 6%
LDV2 189.6 5.22 5.36 −3%
LDV3 174.1 5.51 5.19 6%
LDV4 172.6 5.53 5.30 4%
LDV5 107.7 5.47 5.76 −5%
LDV6 121.6 5.97 5.59 7%
LDV7 106.3 5.62 5.73 −2%
LDV8 186.3 6.01 5.64 7%
LDV9 168.9 5.43 5.58 −3%
LDV10 142.2 5.11 5.66 −10%
LDV11 67.0 5.31 5.08 5%
LDV12 114.3 8.13 8.26 −2%
LDV13 47.2 5.43 5.32 2%
Average consumption 5.74 5.70
Difference liters/100 km 0.05

% 0.01

fleet during the two consecutive periods in which the vehicles were fueled by com-
mercial diesel and B15.

Analyzing the results presented in Table 2 allows concluding that the use of B15 
as an alternative to commercial diesel in the vehicles that integrate this fleet has no 
significant difference in fuel consumption. It shows an increase in efficiency with 
the use of B15. Thus, a decrease in the energetic content of the fuel, which could 
result in an increase in fuel consumption, was not observed. Nevertheless, some 
small fluctuations in the fleet’s IC vehicles’ consumption took place. However, 
these are expected, as a wide range of parameters can affect the vehicles’ fuel 
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consumption. When considering such fluctuations throughout the whole fleet of 
vehicles, these consumption variations cancel each other out.

Considering the results of Table 2, it is important to further discuss the vehicles’ 
fuel consumption. In the homologation tests, the results for the fuel consumption of 
these vehicles – and announced to the public – was 3.8 lts/100 km. However, when 
considering the actual results measured for the fleet of vehicles, it was possible to 
observe that the homologation claimed value is significantly below the real fuel 
consumption of such vehicles in normal operation. In fact, the average measured 
fuel consumption for the fleet of vehicles was 5.7 lts/100 km. This corresponds to 
an increase of 50% when faced with the expected fuel consumption, both for com-
mercial diesel and B15. This implies that the CO2 emissions could not be 98 g/km 
as expressed in the homologation, but should also rise 50%, corresponding to the 
real value of 147 g CO2/km for diesel consumption.

Following the same pattern, considering that the use of B15 can reduce the CO2 
emissions by 11.74%, it is possible to conclude that in this case, the change from 
commercial diesel to B15 biodiesel can result in the lowering of the CO2 emissions 
to 129.7 g CO2/km.

3.2  Use of B30

In the next few years, due to the need to reduce the CO2 emissions of the transport 
sector, considering the impacts and costs of immediately replacing the fleet of exist-
ing vehicles and completely transforming the current electric distribution grid, it is 
imperative to increase the biodiesel blend in existing vehicles. The use of B30 is a 
promising alternative since such biofuel blend does not significantly affect the vehi-
cles’ fuel consumption and could further contribute to an increased and effective 
reduction in CO2 emissions.

Considering that, due to the reduced energetic content of B30 face to diesel, it is 
possible to expect an increase in fuel consumption of 2%, even if that will not hap-
pen, as noticed for the B15 situation, but considering this more conservative sce-
nario, the fuel consumption should rise 1.5% when compared with diesel fuel.

In this scenario, the vehicles’ fuel consumption could increase up to 
5.81 lts/100 km. The related CO2 emissions would then lower to 114 g CO2/km. It 
represents a reduction of 22.5% of CO2 emissions when faced with the current use 
of commercial diesel.

3.3  Electric Vehicles

To allow analyzing and discussing the comparative performance of the actual fleet 
of light-duty IC diesel vehicles fueled with biofuels, comparative EVs had to be 
selected. To such end, EVs with similar capabilities to those of this case study fleet 
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of IC vehicles were considered. These EVs would allow for travelling the same 
distances and result in similar operating conditions. It was previously defined that 
the range of the vehicle should be at least 250 km/h per day. This implies that the 
EVs should present an autonomy that allowed travelling such distances without the 
need for recharging.

The characteristics of the selected EVs are presented in Table 3. Such an option 
considered the same OEM and a wide range of similar characteristics, such as 
engine power and vehicle size. Again, these EVs should allow for fulfilling identical 
work requirements.

The first important consideration to extract from the analysis of the data pre-
sented in Table 3 is that it is claimed that electric vehicles emit 0 CO2/100 km, 
considering the homologation results. This is interesting considering that the ener-
getic consumption defined also in the homologation is 15.3  kWh/100  km. This 
could be true if the electricity production would, in fact, be zero CO2 emissions. 
However, it was previously shown that the energy mix in Portugal for the third tri-
mester of 2021 (Fig. 3) corresponds to CO2 emissions of 316.74 g/kWh.

Another important aspect highlighted when comparing the two types of vehicles 
is that for similar engine power of both vehicles the torque for EVs is significantly 
higher. This means that it is expected for EVs to have better performance in urban 
traffic. However, another important difference, when comparing the two alternative 
vehicle types, is that the weight of the electric vehicle is almost 2/3 higher than that 
of the IC engine vehicles. This implies an additional loss of efficiency, as more 
energy is required to move the EVs’ increased mass.

Getting the same procedure used before, considering that the use of the vehicle 
in normal condition will require a 50% increase in the energetic source, considering 
the value of 15.3 kWh/100 km obtained in the homologation tests. It represents an 
energy consumption of 22.95 kWh required for each 100 km.

Considering the energy mix and the energetic consumption of the EVs, it is pos-
sible to compute the overall CO2 emission related to the EVs operation, with 72.7 g 
CO2/km. This value is significantly lower than those of the alternative IC vehicles 

Table 3 Comparative EVs fleet characteristics

Year 2021
Engine Electric
Max power 136 hp
Max torque 395 nm
Max speed 155 km/h
Fuel Electricity
Weight 2080 kg
Emission homologation type –
CO2 emissions (homologation) 0 g/100 km
Energy consumption (homologation) 15.3 kWh/100 km
Autonomy range 400 km
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Fig. 4 CO2 emissions for this study’s alternative scenarios (B15, B30, and EVs)

fueled with commercial diesel option and even both alternative biofuel options (B15 
and B30), as shown in Fig. 4. Nevertheless, the actual 72.7 g CO2/km computed for 
the EVs is significantly higher than the announced value of 0 CO2/100 km emissions 
claimed in the EV’s homologation.

In fact, there is possible space for the two mentioned solutions. As referred by 
[16], all European countries still purse both energetic solutions, the use of biofuels, 
pointing to the products obtained through advanced materials, and implementing a 
strategy to get an electric and hybrid vehicles dissemination.

3.4  Economic Analysis

From the economic point of view, replacing the existing fleet of IC light-duty diesel 
vehicles with similar EVs is a significant investment. Thus, from the end-user’s 
point of view, the option of selecting EVs represents an increasingly higher invest-
ment than to replace commercial diesel with the use of biofuels. The alternative of 
changing fueling to B15 or B30 does not require renewing the whole fleet of vehi-
cles once the lifetime of existing vehicles can be extended in a sustainable way and 
at a low investment cost. The option of replacing existing vehicles with EVs require 
a significant investment cost to acquire new vehicles, which typically represents a 
figure of 1.5 to 1.75 times the cost of an IC vehicle.

Another important investment related to the option for EVs to replace existing IC 
vehicles is the need to improve the existing electric supply lines. The need to 
recharge every night the 13-vehicle fleet demands for the increased reinforcing of 
the local distribution grid and the required power supply characteristics for at least 
more 100 kW, thus allowing recharging simultaneously the vehicles in a 7.2 kW for 
the regular 6 h charging periods.

L. Serrano et al.



233

It is also expected the need to increase the actual number of vehicles of the exist-
ing fleet with two additional vehicles, which will allow reconfiguring the distribu-
tion of the vehicles, thus reducing the average distance travelled by each vehicle and 
allowing minimizing the usual problems related with EVs’ limited autonomy- 
related anxiety of their users. This solution also requires two additional drivers, 
which will contribute to the increased increase in operational costs related to the 
use of EVs.

In a different perspective, these investments could be compensated by the cost of 
the electricity that is lower than the biodiesel price. The cost of fleet operation, con-
sidering the two different scenarios and disregarding the maintenance costs, differs 
significantly and depends highly on the fuels’ market prices and the way how the 
vehicles were recharged.

On what concerns the cost of the biodiesel, during the year 2021, an average 
price of 1.482 €/liter of fuel was considered. Furthermore, for the price of electric-
ity, the lowest cost scenario to recharge the EVs by using the company tariff for 
electric energy, an average price of 0.145 €/kWh was considered based on the 2021 
costs of energy [17].

This implies that considering both the above scenarios, it is possible to estimate 
the operational cost of the fleet running on B15 by 3424.2 €/month. For the option 
of using B30, this could be slightly higher, reaching approximately 3500 €/month. 
These values can be compared to the lower costs of electric energy required to run 
the fleet of EVs for the same operation, which would have an average cost of 1339.5 
€/month.

Evaluating the implication of the expected increase in energy prices, which will 
be more significant in electric energy due to the political pressure to eliminate more 
polluting and cheaper sources such as coal, betting on more sustainable but also 
more expensive energy sources, there will be some tendency for a decrease in the 
difference between the price of the two solutions. However, it will not be very sig-
nificant because the increase in the price of energy will always have an impact on 
the production and corresponding price of biofuels and because a price increase in 
electric energy, even if proportionally higher than the predictable increase in the 
cost of biofuels, will keep the monthly cost below the corresponding one consider-
ing the use of biofuels. In this sense, this rise in electric energy price will approxi-
mate the operational costs of the two solutions, but there will also be a lower 
environmental impact due to the use of electric energy with lower CO2 emissions.

4  Conclusions

The present work allowed acknowledging the following main findings:

 1. The values of fuel consumption and CO2 emissions obtained from the homologa-
tion cycles present significant differences when compared with the actual values 
measured in real road travels.
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 2. On what concerns the impact on global warming, the expected variations in CO2 
emissions ranged between 53 and 313 g CO2eq/kWh of battery capacity [18]. 
This analysis revealed that even considering such a broad range, the EVs’ overall 
life cycle corresponds to lower CO2 emissions than the ones resulting from the 
diesel vehicles.

It became clear that the CO2 emission factor of battery production for BEV 
significantly affects the results of the total life-cycle CO2 emissions [19]. 
However, the operation of the vehicle implies an effective reduction, but not as 
significant as theoretically expected. In the present case study, the CO2 emissions 
related to the use of EVs, when compared to the IC engine vehicles fueled with 
diesel, corresponds to a reduction of 50% on CO2 emissions. However, one must 
take into account that to produce batteries and manufacture the related vehicles, 
the CO2 emissions is significantly higher for EVs than for traditional IC vehicles. 
Thus, the global benefits of EVs on what concerns the CO2 emissions is signifi-
cantly lower than for analyzing merely their daily operation.

 3. The use of biodiesel offers the possibility to reduce CO2 emissions without the 
need for increased investments once it can represent a simple and effective solu-
tion for existing fleets of IC vehicles. The use of B30, considering the overall life 
cycle analysis, accounts for a reduction of approximately 25% in CO2 emissions 
when compared to commercial diesel. Considering the combined CO2 emissions 
related to EVs production, the difference in global CO2 emissions for B30 and 
the alternative electric vehicles is not as evident as initially foreseen.

Considering this exploratory research, it is now important to measure and ana-
lyze the real impacts related to the use of B30 and the operation of alternative EVs 
to validate the estimated results. A complementary LCA study would also be 
required to further support the discussion, collecting real data related to the global 
operation of the proposed alternative solutions. This should also be combined with 
a deeper economic analysis, thus allowing discussing a more robust scenario that 
could be presented to governance and decision-makers, to fleet owners and also to 
the general population to further support the discussion related to sustainable solu-
tions for the current and future mobility. This is reinforced by the study presented 
by [20], where some critical aspects should be considered, mainly focusing the 
special electricity tariffs that can be used for car charging and the electricity genera-
tion capacity and correspondent average emissions intensity. Also considering the 
increase percentage of biofuel incorporation should require the assurance for a real 
CO2 emission reduction and effective decrease in fuel consumption.

The final results should allow for supporting the evaluation of the alternative 
options of selecting EVs or biofuels as a solution for the mitigation of the impacts 
and costs of the transport sector and to minimize the effects of such transportation 
on its contribution to global warming.
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The Influence of Consumer Optimism 
and Pessimism on Purchasing Intention 
of Eco-Friendly Clothing by Generation Z: 
Model Proposal

Sofia Antunes, Susana Garrido , and Cristela Bairrada 

Abstract Overconsumption has caused a significant reduction in the world’s natu-
ral resources, negatively influencing the sustainability of individual companies and 
the sustainable development of the planet. The textile/apparel industry has nega-
tively impacted the ecosystem with the carbon footprint of production units and 
landfills from non-ethical consumption and waste. This study aims to propose a 
conceptual model to understand the influence of the psychological mood of con-
sumers (optimism and pessimism) over the intention to purchase eco-friendly cloth-
ing by generation Z exploring a novel set of antecedents. Considering these 
relationships, the proposed study also intends to study the mediating effect of envi-
ronmental concern and perceived consumer efficiency/effectiveness. An unstruc-
tured literature review was used to identify the main factors influencing the intention 
to purchase eco-friendly clothing by generation Z and suggest a model based on it. 
The suggested model can help to support future research about the buying behavior 
of generation Z regarding eco-friendly clothing. This study is the first to suggest the 
influence of optimism and pessimism of generation Z on the intention to purchase 
eco-friendly clothing by using as intermediate factors the environmental concerns 
and the perceived consumer efficiency and effectiveness.
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1  Introduction

Sustainability has become a central issue nowadays, being part of the discussion at 
conferences and political meetings where measures are discussed and taken to stop 
or mitigate the climate change that we are observing. One of the major themes cor-
responds to individual consumption, which, having grown exponentially in recent 
years, is gaining special attention in the political debate as it is a highly impacting 
activity on the environment [1].

In particular, the fast fashion industry has grown significantly, with the number 
of clothing purchases increasing by 30% from 2012 until 2016 and each individual 
purchasing, on average, 30 kg of clothing per year [2]. This rate of consumption 
causes harmful effects on the environment not only because of the resources it con-
sumes but also because of the pollution that its waste causes, with the textile indus-
try being one of the most destructive industries for the environment [3]. In this 
sense, the slow fashion industry emerges, as opposed to the existing one, which 
presents clothing focused on quality with a production rhythm that respects environ-
mental resources and with lower waste, which offers the consumer a more resistant 
product and changes the focus from quantity to quality [2].

This investigation focuses on generation Z as this is the emerging generation of 
consumers that will dominate and influence the textile market [1]. This is the gen-
eration that has lived most intensely through topics such as climate change, energy, 
and the water crisis. It is also the generation, among the existing ones, that “are most 
interested in monitoring sustainability into their activities” [4]. With this in mind, 
Generation Z is changing their consumption behavior by focusing their increasing 
attention on green products [5].

This study focuses on the environmental aspect of the concept of sustainability 
to understand the influence of consumer optimism and consumer pessimism on the 
environmental concerns of generation Z and over the perceived consumer effective-
ness. Finally, it is important to understand how these variables affect generation Z’s 
intention to purchase eco-friendly clothing.

This paper aims to propose a conceptual model to understand the influence of the 
psychological mood of consumers (optimism and pessimism) over the intention to 
purchase eco-friendly clothing by generation Z exploring a novel set of antecedents.

This study is divided into five sections. After the introduction, a literature review 
is performed to clarify the variables that form the proposed research model: Intention 
to Purchase Eco-Friendly Clothing, Optimism, Pessimism, Environmental concern, 
and Perceived consumer efficiency/effectiveness. Section 3 presents the conceptual 
model proposed for this study and Sect. 4 describes the methodology that will serve 
as the basis for all this research work. Finally, in Sect. 5, the main conclusions of 
this academic work are drawn.
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2  Theoretical Framework

2.1  Intention to Purchase Eco-Friendly Clothing

Since its beginning, consumption has been part of the human being, becoming 
increasingly present in today’s society. The reality is that we are now facing over-
consumption by society, supported by the linear economy paradigm. Indeed, “in the 
past fifty years, many advanced societies have gradually become ‘consumer societ-
ies’ in which consumption performs a major role in the stimulation of economic 
growth” [6]. It becomes a matter of concern when we witness uncontrolled con-
sumption highly harmful to the environment.

Firstly, for the present work, it is important to define the concept of “sustainabil-
ity.” The concept of sustainability “involves complex and changing environmental 
dynamics that affect human livelihoods and well-being, with intersecting ecologi-
cal, economic, and sociopolitical dimensions, both globally and locally” [7]. The 
four components that will motivate a company to have an ecological response to the 
outside world are as follows: (1) legislation, which is updated according to global 
environmental needs; (2) pressure from stakeholders, such as customers or local 
communities; (3) economic opportunities, such as reducing waste, which impacts 
positively the company economically; and (4) ethical motivations [8]. Consequently, 
we see that there are many significant aspects that might encourage an organization 
to become more environmentally friendly in the present time.

In the same line of thought, corporate sustainability is achieved by the intersec-
tion of the following three principles: environmental integrity (through environmen-
tal management of enterprises), social equity (through corporate social 
responsibility), and economic prosperity (through value creation) [9]. This concept 
is also known as the “Triple Bottom Line,” explaining the three dimensions on 
which a company must rely to achieve sustainability. This means “that in full cost 
accounting of business activities, costs of environmental pollution also have to be 
included. Only then is the success of green developments and equal achievement of 
economic, social and ecological goals” [10].

It is evident that the concern with the dimension of sustainability is positive for 
the company. Not only for economic reasons but also for the new consumers’ profile 
that prefers companies that are environmentally friendly and adopt measures accord-
ingly. In this line, a study concluded that 70% of consumers would be willing to pay 
up to 5% above the normal price of the product if the packaging were sustainable 
[11]. Moreover, in the fashion industry, 61% of consumers would pay 20% more 
than the normal price if the fashion item were eco-friendly [12].

In recent years, there was a proliferation of “green products” in almost every 
store. The concept is defined as being a product that is ecological or environmen-
tally friendly [13]. The concept, together with “environmental product,” is com-
monly used “to describe those who strive to protect or enhance the natural 
environment by conserving energy and/or resources and reducing or eliminating the 
use of toxic agents, pollution and waste” [14]. In addition to the concept, the authors 
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also argue that although no product can have a zero impact on the environment, 
companies must try to minimize it as much as possible.

In addition, in the fashion industry, the term “slow fashion,” in opposition to “fast 
fashion,” was presented by Fletcher [15] and it was highly important for the industry 
to change its mindset. The author presented a new paradigm that advocates greater 
awareness of the impact that the industry has on workers, communities, and the 
ecosystem. It is necessary to create a shift from quantity to quality, with a planned 
production instead of excessive production in record time that has serious impacts 
on workers and on the environment [15]. To clarify the differences between the 
concepts of fast fashion and slow fashion, Mukherjee [16] considers that fast fash-
ion creates small fashion cycles, with a high focus on profit and little focus on qual-
ity, which causes poor use of resources, while slow fashion focuses on quality with 
lower production, reducing the waste of resources [17]. The slow fashion concept 
argues that consumers think about their fashion purchases as investments in high- 
quality clothing allowing them to enlarge items’ life cycle with no need to keep 
buying them regularly.

Individual consumption has an outstanding relevance in affecting in a positive 
way the environment, therefore, the consumption of green products can prevent or 
even reduce damage to the environment [18]. In that case, it is important to under-
stand which factors influence the purchase of green products.

For this reason, researchers focus on the values, attitudes, and intentions of con-
sumers which leads to two following theories as the ones supporting most studies: 
Theory of Reasoned Action (TRA), developed by Ajzen and Fishbein in 1980, and 
Theory of Planned Behavior (TPB), created by Ajzen in 1985 [18].

The Theory of Reasoned Action explains that individual behavior depends on 
two main factors: individual attitude and social norms. The Theory of Planned 
Behavior beyond these two factors considers also the perceived behavioral control, 
which is the resources and opportunities that consumers believe they have at the 
time of purchase.

Nevertheless, researchers continue to struggle with a weak relationship between 
a positive attitude of consumers towards the purchase of green products and the 
actual purchase of these same products. Bray [19] mentioned for the first time the 
“30:3 phenomenon,” which consists in the fact that 30% of consumers are con-
cerned about more ethical consumption, but only 3% of consumption reflects those 
concerns. Since this discrepancy has been noticed in several studies, other authors 
have called it the “Ethical Purchasing Gap” or “Attitude-Behaviour Gap.” The 
“Attitude-Behavior Gap” indicates that a consumer who has a positive attitude 
towards green products does not always transfer this to action – buying, in fact, 
green products [18].

Consequently, later, Guagnamo in 1995 introduced the Attitude-Behavior- 
Context model explaining that the purchase behavior of green products is not 
explained only by the consumer’s attitude but also by its context [18]. For a better 

S. Antunes et al.



241

understanding, some examples of contextual factors are “personal influences, per-
sonal values and feelings, abilities, publicity, expectations, physical environment, 
institutional factors, and temporal perspectives” [20].

In fashion, expectations of the company with environmentally friendly behavior 
play an important role in purchasing fashion items as much as a social influence by 
consumers groups [12]. Price, on the other hand, can cause an adverse effect if it is 
too inflated, but, in general, consumers are willing to pay more for sustainable cloth-
ing [12]. Brands need to ensure that slow fashion has better quality, durability, and 
wearability since that is what distinguishes slow fashion from fast fashion [21].

2.2  Antecedents of the Intention to Purchase 
Eco-Friendly Clothing

Eco-friendly clothing has, like any other product, factors that influence the intention 
to purchase them. In this section, we address optimism and pessimism as intrinsic 
characteristics of each consumer’s personality that unintentionally affect consum-
ers’ intention to purchase eco-friendly clothing. At the end, we also address the 
concepts of environmental concern and perceived consumer efficiency/
effectiveness.

2.2.1  Optimism and Pessimism

Optimism and pessimism refer to a two-dimensional model, as opposed to uni- 
dimensionality, which only considers optimism as the only dimension [22].

An optimistic person, after exploring the possibility of something happening, 
feels a positive reinforcement and a force that something can be done and, finally, 
proceeds to the action [23]. Optimistic people always believe in the good side of 
events, believing that everything will go according to their expectations and in a 
positive way [24]. Positive people are more oriented towards more favorable social-
ization, which contributes to an overall positive attitude and favorable cognitive 
processes to the acceptance of circumstances [25]. The motivation and confidence 
that come from positivism connect consumers to causes and problems in general, as 
they feel more confident and motivated to overcome the issues that arise in life [23].

On the other hand, negativism results in a negative view of the world, with stress 
and tension present, even if it is not justified [26]. In addition, pessimistic people 
“are less likely to have the necessary social and psychological resources, and the 
negative effect does not motivate them to be engaged in an environment-friendly 
behavior” [22].
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2.2.2  Environmental Concern and Perceived Consumer Efficiency/
Effectiveness

In addition to optimism and pessimism, the present investigation also intends to 
investigate environmental concerns and perceived consumer efficiency/effective-
ness as antecedents of the Intention to Purchase Eco-friendly Clothing.

Environmental concerns relate to consumers’ awareness of environmental prob-
lems and the corresponding willingness to resolve them [27]. Effectively, consum-
ers nowadays are more aware of the impact that their purchases have on the 
environment, and they know that these also influence the behavior of companies that 
are increasingly striving to advertise their sustainable campaigns, also because con-
sumers are willing to pay more for a product that they consider more beneficial or 
less damaging for the environment [12].

Perceived Consumer Effectiveness refers to the consumer’s belief that their 
efforts contribute to the solution of the problem [28]. In the topic of consumption of 
eco-friendly clothing, this variable gains importance as it is one of the determinants 
of purchase intention. Consumers must believe that by opting for an eco-friendly 
product, they are cooperating to reduce their impact on the environment. The aim of 
the eco-friendly clothing industry will be to develop among consumers a sense of 
success through their experience or of others, in the impact of their actions.

3  Methodology

This study aims at synthesizing the existing theoretical and empirical findings con-
cerning the environmental aspect of the concept of sustainability to understand the 
influence of consumer optimism and consumer pessimism on the environmental 
concerns of generation Z and over the perceived consumer effectiveness.

The synthesis takes the form of a conceptual model that presents the perceived 
interplay between the key variables affecting the Intention to purchase Eco-friendly 
clothing in students from the University of Coimbra and belonging to Generation Z.

Miles and Huberman [29] defined a conceptual model as a visual or written prod-
uct that explains either in a graphical or in a narrative form the key factors, concepts, 
or variables that comprise it. Developing a conceptual model serves also to present 
the presumed relationships that exist between the framework’s elements. In order to 
develop the conceptual model, a multi-step research procedure was performed. 
After defining the theoretical basis for the study, the analysis of literature on the 
intention to purchase eco-friendly clothing and antecedents of the intention to pur-
chase eco-friendly clothing was performed. It was focused on compiling a list of 
key variables from these two constructs. It classifies the variables affecting the 
intention to purchase Eco-Friendly Clothing into “Optimism,” Pessimism,” 
Environmental Concerns,” and “Perceived consumer Efficiency/Effectiveness.” 
Thus, as a result of applying the research procedure and inductive reasoning, a con-
ceptual model was constructed bringing together the various identified categories 
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specific to affecting the Intention of Gen Z to purchase Eco-friendly clothing. It 
maps out the various concepts such as Consumer Optimism, Consumer Pessimism, 
Environmental Concern, Perceived Consumer Efficiency/Effectiveness, and 
Intention to Purchase Eco-Friendly Clothing. The model builds upon the findings 
from various fields of study and forms a construct that requires further verification 
through follow-up investigations that will test the framework.

The first variable to be studied, Consumer Optimism, and the second one, 
Consumer Pessimism, are measured based on the work of Sadiq, Paul, and Bharti 
[22]. In order to measure the variables Environmental Concern and Perceived 
Consumer Efficiency/Effectiveness, the investigation was based on the work of Lee, 
Kim, Kim, e Choi [30]. Finally, to measure the variable Intention to Purchase Eco- 
Friendly Clothing, the research was based on the work of Mostafa [31]. The research 
variables are described in Table 1.

4  Conceptual Model Proposal

The problem that underlies the present work is the need for a drastic change in con-
sumption habits that significantly impact the environment and result in the climate 
changes that we all witness. Among the various areas that need paradigm shifts, the 
Youth4Climate group, which was an integral part of the 2021 Climate Summit 
known as COP26, elaborates that the fashion industry has to be based on materials 
with low environmental impact, implement a decarbonization strategy, transport 
materials with low-carbon vehicles, ensure decent working conditions, and explore 
the circular economy [32]. Not only do companies need to work towards more sus-
tainable production but consumers also need to change their consumption habits. In 
this sense, it is important to understand the influence of a set of variables related to 
the psychological mood of consumers both on environmental concerns and on the 
consumer’s perception of efficiency and effectiveness and, consequently, on the 
purchase intention of sustainable clothing.

In this way, it is possible to know what forms a set of variables related to the 
purchase intention of sustainable clothing, which is a predecessor of purchase 
behavior. In this sense, it is important to understand the influence of consumer opti-
mism and consumer pessimism on the environmental concerns of generation Z and 
perceived consumer effectiveness. Finally, it is important to understand how these 
variables affect generation Z’s intention to purchase eco-friendly clothing. As a 
result, the present work intends to answer the following research question: There is 
an influence of the psychological mood of generation Z consumers (optimism and 
pessimism), on both the environmental concerns and perceived consumer efficiency 
and effectiveness, and consequently, over the intention to purchase eco-friendly 
clothing?

Optimism, one of the Intention to Purchase Eco-friendly Clothing antecedents 
presented, corresponds to a dispositional trait that unconsciously influences the way 
a consumer evaluates and executes his purchase. The concept is based on the 
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Table 1 Scales by research variables

Consumer Optimism

In uncertain times, I usually expect the best.
I always look on the bright side of things.
I’m always optimistic about my future.
When I undertake something new, I expect to succeed.
Where there’s a will, there’s a way.
In general, things turn out all right in the end.
Consumer Pessimism

It is best not to get your hopes too high since you will probably be disappointed.
Rarely do I expect good things to happen.
If something can go wrong for me, it will.
I hardly ever expect things to go my way.
Things never work out the way I want them to.
If I make a decision on my own, I can pretty much count on the fact that it will turn out to be a 
poor one.
I rarely count on good things happening to me.
Better to expect defeat: then it doesn’t hit so hard when it comes.
Give me 50/50 odds and I will choose the wrong answer every time.
Environmental Concern

Humans are severely abusing the environment.
If things continue on their present course, we will soon experience a major ecological 
catastrophe.
The balance of nature is very delicate and easily upset.
Perceived Consumer Efficiency/Effectiveness

I can protect the environment by buying products that are friendly to the environment.
I feel I can help solve natural resource problems by conserving water and energy.
I feel capable of helping solve environmental problems.
Each person’s behavior can have a positive effect on society by signing a petition in support of 
promoting the environment.
Intention to Purchase Eco-Friendly Clothing

Over the next month, I will consider buying Eco-Friendly Clothing.
Over the next month, I will consider switching to other clothes brands for ecological reasons.
Over the next month, I plan to switch to a green version of clothes.

consumer’s focus on positive rather than negative expectations for the future, even 
if there is no indication of it [33]. According to the authors, optimistic consumers 
get involved in causes and strive to work on them since they believe that the result 
will be positive. When barriers arise, positive consumers tend to continue efforts, 
unlike pessimistic consumers. Moreover, when optimists imagine the future, they 
tend to look at it positively, which causes them to be very hopeful. Hence, the fol-
lowing hypothesis is suggested:

H1: Optimism has a direct and positive influence on the Intention to Purchase Eco- 
friendly Clothing.
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H2: Optimism has a direct and positive influence on environmental concerns.
H3: Optimism has a direct and positive influence on Perceived Consumer 

Effectiveness.

Pessimism is another antecedent of the Intention to Purchase Eco-friendly 
Clothing variable of the conceptual model, and, in contrast to positivism, it has a 
negative impact on the way consumers face life and see obstacles that arise in it. The 
pessimistic consumer sees the world in the opposite way to the positive ones, having 
unfavorable expectations for the future [22]. Pessimistic consumers have little moti-
vation to engage in tasks and react poorly to obstacles, preferring the path of demor-
alization, and giving up most of the time. According to also Coelho et al. [34] “a 
tendency to portray the world through a negative lens is likely to contaminate an 
individual’s view about the environment itself. More specifically, it is likely that 
high Negative effects will lead individuals to focus their attention on negative infor-
mation about the environment, thus raising concerns about it.” Hence, the following 
hypotheses are suggested:

H4: Pessimism has a direct and negative influence on the Intention to Purchase Eco- 
friendly Clothing.

H5: Pessimism has a direct and positive influence on environmental concerns.
H6: Pessimism has a direct and negative influence on Perceived Consumer 

Effectiveness.

As previously presented, environmental concerns relate to consumers’ aware-
ness of environmental problems and the corresponding willingness to resolve them 
[27]. Taking this into account, environmental concerns are directly linked to green 
purchase behavior [35], indicating that purchase intention is related to consumers’ 
environmental concerns. Hence, the following hypothesis is suggested:

H7: Environmental concerns have a direct and positive influence on the Intention to 
Purchase Eco-friendly Clothing.

As explained previously, perceived consumer effectiveness refers to the consum-
er’s belief that their efforts contribute to the solution of the problem [28]. A sense of 
contribution to solving the problem motivates their desire to continue to contribute 
to the solution of the problem, in this specific case, the reduction of the environmen-
tal impact of the textile industry. Bearing in mind that the combination of intention 
with perceived consumer effectiveness leads to action [36], consumers who believe 
that the purchase of eco-friendly clothing will have a favorable impact on the envi-
ronment will proceed to purchase through the intention to purchase eco-friendly 
clothing. Hence, the following hypothesis is suggested:

H8: Perceived consumer effectiveness has a direct and positive influence on the 
Intention to Purchase Eco-friendly Clothing.

Given the hypotheses previously defined, the conceptual model described in 
Fig. 1 is suggested.
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Fig. 1 Conceptual model

5  Conclusion

With the growing importance of sustainability, it is extremely important to under-
stand how the psychological mood of generation Z influences their environmental 
concern and perceived consumer efficiency/effectiveness over their intention to pur-
chase eco-friendly clothing. The present study is the first to explore the influence of 
optimism and pessimism of generation Z on the intention to purchase eco-friendly 
clothing by using the environmental concerns and perceived consumer efficiency/
effectiveness as intermediate factors. Saying this, it is clear that this research pres-
ents contributions to the fashion industry in general and marketers in particular 
giving some insight on the Intention to Purchase Eco-Friendly Clothing by genera-
tion Z attending to their psychological mood, environmental concern, and perceived 
consumer efficiency/effectiveness.

This article has an important managerial contribution to enterprises and organi-
zations with an environmentally conscious culture. Specifically, for firms who pro-
mote their sustainability initiatives and products and want to connect with today’s 
and tomorrow’s customers, generation Z. Along with industry, non-profit environ-
mental organizations receive critical information about generation Z and the impact 
of dispositional features on their capacity to define environmental concerns.

According to Markowitz [37], personality traits play a significant role in pro- 
environmental behavior; consequently, the current research will give some insights 
for advertising firms to tailor their messages in order to maximize the purchase 
intention of green products. Along with advertising campaigns, products label may 
evoke certain emotions in order to increase purchase intent. Finally, this study 
serves as an excellent springboard for future research into the effect of personality 
factors on pro-environmental behavior.
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Persistence in Innovation. Do Low-Tech 
Sectors Differ Much from the High-Tech?

Joana Costa  and Nasimeh Tashakori 

Abstract Disentangling innovation from growth is unrealistic in the present times. 
Also, anticipating the future behavior of innovative firms is relevant to the entire 
innovation ecosystem; and assessing the persistence of innovation and appraising 
the role of factors affecting ongoing innovation activities in firms is essential. This 
chapter discusses a very important subject related to the concept of innovation per-
sistence in relation to structural innovation characteristics of firms, with a focus on 
technological regimes, to better understand if there is change in innivation continu-
ity accordingly to the technological intensity embedded in the sector. The empirical 
research is based on data from CIS database, comprising 3237 firms which present 
in the 2014 and 2018 waves. We analyze the innovative persistence behavior of 
these firms regarding proxies like firm dimension, innovation activities, types of 
innovation, government funding, and more importantly, technological regimes. To 
do this, we applied binary logistic regression for developing a model which can 
forecast the drivers of innovation persistency propensity. The presented study shows 
that some very important results are achieved. Besides demonstrating innovative 
persistency in 75% of science-based firms, the findings confirm that firms in high- 
tech and science-based industries are more prone to continue innovating and, as a 
result, this consistency in innovation will generate virtuous cycles of innovation. 
Furthermore, our data shows that complex innovators are more likely to persist than 
single innovators, proving the existence of complementarities among the innova-
tion types.
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1  Introduction

The growing value of knowledge as a productive factor in modern societies needs to 
shift how people think about innovation in both general and specific terms, like 
technological innovation, product innovation, and organizational innovation [1]. 
And, due to the centrality of technology innovation as a factor in a firm’s competi-
tive advantage, resilience, and survival, continuity of innovation and innovation per-
sistence has become a core topic in the agenda of Academics, practitioners, and 
policymakers.

The term “innovation persistence” refers to whether or not a company’s innova-
tion activity or performance continues over time. At first, innovation persistence 
studies such as [2] were focused on firms, leading to further research to specifying 
the factors of innovation persistence and their heterogeneity in all levels such as 
technologies, industrial sectors, and countries. In most countries, data for innova-
tion studies is collected through cross-sectional surveys and there aren’t many stud-
ies on the longitudinal aspect of innovation persistence. However, some empirical 
studies have been conducted on the continuity of innovation in different countries 
with various viewpoints [2–9].

Nevertheless, research on this topic focusing on the Portuguese case encom-
passed data from 2004 to 2010 [10]; the focus of this paper is on the role of innova-
tion activities’ continuity at the firm level by identifying effective determinants that 
are playing a role on innovation persistence such as size, types of innovation, and 
technological regimes with the latest data. Some questions can be raised in this vein; 
however, in this article, the main debate relies on: “is persistence associated with 
innovative activities, size of firms, innovation types, technological regimes or public 
supports?” what is the relation between them? and “to what extent firms are persis-
tent in different technological regimes?” As few studies addressed the connection 
between technological regimes and innovation persistence. In this paper, we ana-
lyze a group of 3237 firms present in two waves of the CIS database (2014 and 
2018) to infer the connection between persistence in innovation and firms’ struc-
tural characteristics with a core emphasis on technological regimes.

The structure of this paper is as follows: Section 2 introduces empirical studies 
on this topic and defines the main determinants. Section 3 describes the data and the 
methodology in the analysis. In Sect. 4, findings are discussed. And finally, in Sect. 
5, some suggestions and recommendations for policymakers are presented to help 
draft policies for the enhancement of the continuity of innovative firms.
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2  Literature Review

2.1  Persistence in Innovation

Persistence means “continuing to occur over time.” This concept is coined by 
Schumpeter’s [11] cumulation creation process. The fact that technical change is 
related to large firms’ existence in oligopolistic markets (where the accumulation 
process is activated by Research and Development [R & D] and innovation for mak-
ing firms continue their performances) brought up three approaches for innovation 
persistence: path dependence, virtuous cycles of accumulation, and market power 
dynamics [12]. For instance, the virtuous accumulation cycles approach is used by 
Nelson and Winter [13]. They showed that persistence is because of the feedback 
between previous innovations, current investments, and future innovations. 
Furthermore, they claimed that the process of deciding to innovate can be repeated 
and become routine in case of being successful [13]. What’s more, Malerba and 
Orsenigo [14] said that persistence is generally about the contribution of knowledge 
accumulation to innovation’s steadiness [14]. In a nutshell, the term “innovation 
persistence” is introduced in some papers mostly related to the accumulation of 
knowledge and technological competencies [2, 5, 15]. Moreover, Antonelli [16], 
Le-Bas, and Latham [12] brought up the time span. Regarding these definitions, we 
can describe innovation persistence as generating innovation in all possible periods 
and continuity of innovative activity over time.

To gain a competitive advantage in the market, companies must produce innova-
tions continuously, and this necessitates the existence of variables that have a ben-
eficial impact on the persistence of innovation. Given that innovation persistence is 
important for continuity of a firm’s activity, reasons for developing the persistence 
of innovation by companies and also intending to create a systematic approach 
within them are as follows: (1) a better chance for survival: if a company focuses on 
medium and long-term innovation, it has a better chance of surviving; (2) reducing 
the chance of being duplicated by competitors: rivals might be unable to copy inno-
vations because the company generates skills that are hard to emulate; (3) less nega-
tive impacts on the company: process automation and substitutional human 
resources could result from thinking of discontinuity of innovation [17]. About the 
persistence of innovation, four frameworks are presented: market power and inno-
vation [11], success-breeds-success [18], sunk costs [19], and evolutionary innova-
tion theory [13]. These approaches still coexist and are used in some studies [12, 
20]. According to the ‘market power and innovation’ approach [11], innovators are 
temporary monopolists who benefit from unusual profits. As it is a transient status, 
the firm will operate the next innovation, increasing the propensity to persist. As 
new entrants decrease monopoly profits, incumbents will persist in innovating to 
obstruct entry [20]. The concept of innovative persistence can be related to the 
Schumpeterian intuition that critical market feedbacks link R & D investment, tech-
nological performance, and profitability in its most basic economic interpretation. 
Firms’ evolution is expected to benefit from this strategic behavior, which is strongly 
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linked to the industry life-cycle. The entrepreneurial technological regime favors 
entry into the industry in the first part of the life cycle. As a result, small businesses 
innovate, but mortality is high and selection is harsh [21]. A routinized technologi-
cal regime predominates in the mature phase of the life cycle. In the entrepreneurial 
regime, innovation occurs in the R & D departments of large oligopolistic firms, 
which have a longer economic life than small firms. We can expect a small company 
to innovate in a shorter period than a large company [10]. Indeed, persistence may 
simply be the result of ‘success-breeds-success’ processes as used in Nelson and 
Winter’s model [13]: innovative success leads to profits that can be reinvested in R 
& D, increasing the likelihood of renewed innovation. The persistence of innovation 
may also be due to organizational factors at the firm level. For example, persistence 
could result from the establishment of fixed-cost R & D facilities that generate a 
relatively stable flow of innovations. More generally, firm technological capacities 
that can only be developed continuously over time, defining what a firm can do now 
and what the achievements in the future would be, are likely to be the cause of per-
sistence. From this perspective, the qualitative heterogeneity in the population of 
innovators is most likely connected to the persistence of innovative activities [10, 
22, 23].

2.2  Technological Regimes and Taxonomies

The notion of a technological regime is concerned with the technology upon which 
firms rely in their problem-solving activities, given a broadly defined way of doing 
things [13]. It is identified by a unique mix of technological opportunity circum-
stances, appropriability conditions, learning cumulativeness, and knowledge-based 
nature [24, 25]. Similarly, a technological regime describes the specific knowledge 
environment in which business problem-solving operations are conducted [21]. 
Technological regimes are important because they limit the pattern of innovation 
that emerges in the sector and highlight common aspects of innovative processes 
across different types of operations [26]. Taxonomy is described as the science of 
classification and categorization. Divergent patterns of innovation exist in different 
sets of production activities, according to taxonomic studies of firm innovative 
activities. These taxonomies frequently overlap with industrial categories, although 
they frequently group production activities that are not in the same industry [26]. 
Several definitions and attributes for classifying firms according to their technology 
intensity have been presented by researchers. Pavitt [27], Hatzichronoglou [28], De 
Jong and Marsili [29], and Rizzoni [30] are the most known categories. Pavitt [27] 
identified innovative firms’ characteristics in science-based (electrical/electronic 
and chemicals), specialized suppliers (non-electrical machinery, instruments, and 
specialty chemicals), supplier dominated (paper and textiles), and scale intensive 
(food, vehicles, and metals). Although Pavitt’s taxonomy does not cite directly to 
technological regime’s definition, it can be related to the conditions of technological 
opportunity, the threat of technology-based entry, and appropriability [31]. Pavitt’s 
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taxonomy has been tested empirically using innovation surveys by others [29–31]. 
Malerba and Orsenigo [25] identified two distinct types of technological innovation. 
In nonelectrical machinery, instruments, and old technologies, the Schumpeter 
Mark I pattern of innovation is characterized by a scattered and tumultuous pattern 
of innovative activities. A focused and persistent structure of innovative activities 
distinguishes the Schumpeter Mark II pattern of innovation, which is typical of 
chemical and electrical–electronic technology. Differences in technological regimes 
can be cited for these disparate patterns of innovation across industries or 
technologies.

The fundamental model of the technological regime is suggested by Nelson and 
Winter as “science-based” and “cumulative” technology. A broad knowledge base, 
which comes from externally performed intense R & D activity identifies science- 
based technology, and a rather narrow one, which is cumulatively built through the 
learning processes inside the firm distinguishes cumulative technology. This model 
has been used to establish a relationship between technologies, patterns of innova-
tion, and industrial competition. OECD has developed a new taxonomy of sectors 
based on their R & D intensity level – the ratio of R & D to value-added within each 
industry. Firms are classified into five groups (high, medium-high, medium, 
medium-low, and low R & D intensity industries) [33]. Furthermore, Bogliacino 
and Pianta [34] introduced a revised Pavitt taxonomy to identify specific techno-
logical change patterns using CIS2 and CIS3 to assess the relation of innovation and 
employment for manufacturing and services [34]. Here, we also rely on this taxon-
omy to assess the persistence of innovation in groups with different technological 
regimes.

2.3  Other Determinants of Innovation Persistence

Some empirical studies (e.g., [2, 3, 32]) have risen about the subject of innovation 
persistence and different characteristics have been evaluated. Geroski et  al. [2] 
researched a quantitative methodology for assessing firms’ innovation persistence 
[2]. They made a distinction between occasional and persistent innovators. They 
examine two datasets based on patenting activity to examine firms’ innovation 
activities for over 20 years, finding that firms that produce patents or major innova-
tions regularly are few; furthermore, they proposed that the number of patents 
granted at the beginning of the period of innovating can be a good indicator of how 
long that period will last [2].

On the one hand, other studies [9, 33, 34] stressed the critical importance of 
formal R & D conducted within a company and show that when firms invest consis-
tently in formal R & D programs, they achieve innovative persistence. For example, 
Leuven [35] illustrates that when innovation is measured on the output side, perfor-
mance over time is lower than when measured on the input side (R & D). Also, Song 
et al. express that internal R & D showed higher persistence than joint/external R & 
D [9]. On the other hand, some of these studies have found low persistence in the 
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innovation activity of firms [2, 4, 14]. Cefis and Orsenigo [4] classify firms based on 
their patenting activity, such as non-innovators, firms that apply for a small number 
of patents, and firms that are great innovators applying for a large number of pat-
ents, and examine whether firms stay within their initial categories over time. They 
find that there is little persistence at the firm level across countries over the period 
1978–1993. Firms, on the other hand, have a tendency to stay in their original states, 
and great innovators account for a large proportion of innovation activities [4]. 
Some researchers [4, 22, 32] consider the size of a firm as a determinant for study-
ing innovation persistence and assess this relation. According to Malerba and his 
colleague, firm size is an important factor, but it is not directly related to firms’ 
innovating, but rather to the consistency of their innovation activities. Small firms 
are more likely than large firms to stop innovating; in industries with many small 
firms and a few large ones, innovation will tend to concentrate over time among the 
larger firms [22]. Lhuillery [37] examines the impact of different types of innova-
tion, such as marketing activities, on innovation success, particularly persistent 
innovation success by using three waves of the French CIS innovation survey from 
2002 to 2008. The findings appear to show that marketing innovation does not have 
a positive impact on low-tech industries’ long-term innovation success [37]. When 
it comes to incremental innovation, innovation marketing has a positive impact, but 
it has a negative impact when it comes to radical innovation [37]. Aligned with 
mainstream literature, Le Bas and Négassi [38] investigate the relationship between 
innovation persistence and innovation activity; however, in other cases, the mea-
surement is narrower – a patent. The main point of this paper is that innovative firm 
persistence is the main phenomenon that affects technological innovativeness across 
sectors (the sectoral intensity of innovation) and countries (international technologi-
cal specialization) [38]. Clausen et al. [6] pursue a different approach to the phe-
nomenon, focusing on causality. These authors assess the relation of factors such as 
type of innovation, firm size, R & D activity, Tech intensity, and innovation strategy 
with continuity of innovation. They identify various combinations of activities 
among Norwegian businesses from 1995 to 2004 and confirm persistence in science- 
based and market-oriented businesses. The results show that innovation strategies 
are an essential part of the continuity of innovation and as the technological regime 
does matter, product/process innovation and the low/high-tech sector have different 
levels of persistence [6]. Raymond et al. [5] examined innovation continuity sepa-
rately for manufacturing firms in different technological regimes (high and low-tech 
firms). They discovered that high-tech companies innovated consistently, whereas 
low-tech companies did not [5]. The relation between types of innovation and inno-
vation persistence is another important factor that is analyzed in most empirical 
studies [8, 9, 32, 36]. Tavassoli, Karlsson [39] show that the degree of persistency is 
not equal among various types of innovation, among which product innovators turn 
out to be the strongest persistent innovators [39], and it is supported by other find-
ings [9].

Following the previous empirical literature on innovation persistence, proxies 
such as innovation activities, types of innovation, public support, higher education 
employment, size of firms, and technological regimes are suggested. We will assess 
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its effects (especially technological regimes) to see whether they play any role in 
innovation persistence among Portuguese firms.

3  Data and Methodology

The empirical research is based on data from two waves (2014 and 2018) of the 
Portuguese Community Innovation Survey (CIS) database. This database contains 
information about the innovative activity of enterprises, being conducted every 
2 years. To assess the innovation persistence among Portuguese firms, only 3237 
firms were kept and analyzed as the selection criteria were having participated in 
both waves of the survey. A detailed description of the variables in use is provided 
in Table 1, addressing the description and measurement scale. To consider whether 
a firm is performing innovation or not, we define it as if the firm introduced one type 
of innovation (product, process, organizational, marketing) or conducted any type 
of R & D.

Summary descriptive statistics of the main variables in use are shown in Table 2, 
presenting the details about the frequency and percentage distribution of the groups.1 
Results evidence that 39% of these firms continue their innovation activity (persis-
tence innovator), and 28% still do not perform any innovation behavior (non- 
innovator). On the contrary, 23% stop innovating (past innovator) while 10% are 
new in this field (early innovator). Additionally, almost 75% of the enterprises that 
are in science base sectors (high-tech firms that rely on R & D from both in-house 
sources and university research, including industries such as pharmaceuticals and 
electronics) show persistence in innovation. This result means they perform innova-
tion from 2012 to 2014 and continue it in 2016–2018. A Homogeneity test2 is per-
formed and showed differences of continuity in innovation among science-based 
firms (high-tech) and others.

Correlation among the variables is introduced in Table 3. There has been a sig-
nificant positive correlation between most factors, except the relation between mar-
keting innovation and technological regime, these results point towards the 
identification of the exogenous variables as enhancers of the innovative strategies.

The econometric estimations were run using binary logistics with all defined 
variables (as Model 1). Since the dependent variable (persistency) is binary, the 
logistic binary regression is used to estimate the factors which influence persistency 
in innovation. This model is demonstrated in Table 4.

The results from Model 1 relate to firms encompassing innovative persistence, 
following the similar proxies from the extant literature. The overall model is 

1 The focus of the analysis is innovation persistence, consequently, being persistent in innovation 
implies having performed innovation in both periods of analysis; the predictors of the probability 
to persist in 2018 will consequently be collected from the 2018 time frame.
2 By this test, we could answer the question in which persistence in innovation differs in different 
technological regimes.
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Table 1 Variables descriptions

Variables Description Measurement

Persistency Whether the firm continues 
innovation activity or not

Binary

Innovative behavior 
category (IBC)

Persistent innovator A firm in which being innovator 
in two waves

3

Early innovator A firm that starts innovating in 
the former wave

2

Past innovator A firm that stops innovating in 
the former wave

1

Non-innovator A firm in which not perform 
innovation activity at none of 
the waves

0

Technological regimes 
(TECHREGIME)

Supplier dominated 
(SD)

Firms are divided into four 
categories, based on Boliaciano 
and Pianta

1

Scale-intensive 
(SII)

2

Specialized 
suppliers (SS)

3

Science base (SB) 4
Type of innovation 
(TOP)

Product innovation 
(PI)

A firm performed product 
innovation

Binary

Process innovation 
(PRI)

A firm performed process 
innovation

Binary

Organizational 
innovation (OI)

A firm performed organizational 
innovation

Binary

Marketing 
innovation (MI)

A firm performed marketing 
innovation

Binary

Multiple Innovation 
(MUI)

A firm performed at least two 
types of innovation

Binary

R & D activity (RDAC) Intramural 
R & D(IRD)

A firm performed inbound 
R & D

Binary

Extramural 
R & D(ERD)

A firm performed outbound 
R & D

Binary

Higher education 
employment (HEE)

0 Percentage of high education 
people working in the firm

1–7 degree
1 to 5
5 to 10
10 to 25
25 to 50
50 to 75
75 to 100

Size of the firm (SIZE) Firm dimension 1–3 degree
Public fund support or tax incentives(PFSTI) If the firm has received public 

support or any tax incentives
Binary
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Table 2 Descriptive statistics

Variables
(Status in the latest 
observation)

Persistency
total

Sum Mean SD

0 1

N
% Within 
category N

% Within 
category N

TECHREGIME 1 1118 66.10 574 33.90 1692 5644 1.74 0.91
2 503 59.00 349 41.00 852
3 314 59.90 210 40.10 524
4 43 25.40 126 74.60 169
Total 1978 61.10 1259 38.90 3237

PI 0 1757 87.60 249 12.40 2006 1231 0.38 0.49
1 221 18.00 1010 82.00 1231
Total 1978 61.10 1259 38.90 3237

PRI 0 1737 89.70 199 10.30 1936 1301 0.4 0.49
1 241 18.50 1060 81.50 1301
Total 1978 61.10 1259 38.90 3237

OI 0 1823 77.70 524 22.30 2347 890 0.27 0.45
1 155 17.40 735 82.60 890
Total 1978 61.10 1259 38.90 3237

MI 0 1870 71.90 730 28.10 2600 637 0.2 0.40
1 108 17.00 529 83.00 637
Total 1978 61.10 1259 38.90 3237

RDAC 0 1867 78.6 508 21.4 2375 862 0.27 0.44
1 111 12.9 751 87.1 862
Total 1978 61.1 1259 38.9 3237

HEE 1 280 94.30 17 5.70 297 11,779 3.64 1.75
2 582 72.90 216 27.10 798
3 286 60.30 188 39.70 474
4 340 48.40 363 51.60 703
5 211 51.60 198 48.40 409
6 144 50.50 141 49.50 285
7 135 49.80 136 50.20 271
Total 1978 61.10 1259 38.90 3237

SIZE 1 1256 75.00 418 25.00 1674 5152 1.59 0.68
2 593 49.00 618 51.00 1211
3 129 36.60 223 63.40 352
Total 1978 61.10 1259 38.90 3237

MUI 0 1673 96.40 63 3.60 1736 1501 0.46 0.50
1 305 20.30 1196 79.70 1501
Total 1978 61.10 1259 38.90 3237

PFSTI 0 1726 70.30 730 29.70 2456 781 0.24 0.43
1 252 32.30 529 67.70 781
Total 1978 61.10 1259 38.90 3237
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significant at the 0.01 level according to the Model chi-square statistic, and the 
model correctly predicts 88.5% of the responses. The results evidence that persis-
tence in innovators is strongly tied to technological innovation types. However, con-
tributions of variables like the size of a firm and higher education employment are 
not significant in model 1. So, we run a new regression model (model 2) and remove 
these two variables from the analysis. The result of the test is presented in Table 4 
which gives the results of fitting the logistic regression model to data and showing 
coefficients, which will be used in the equation for making the classifications. The 
prediction of this model is almost like model 1 (88.4%), which shows a high correct 
response. In this model, 94% of occurrences and 85% of non- occurrences were cor-
rectly predicted. This result is quite unexpected but very interesting, as it proves that 
continuing in innovation is not connected to firm size as well as the availability of 
human capital, which is common norm for the allocation  of public grants. The 
model in the analysis can be summarized by the following conceptual model:

Persistence in innovation f TECHREGIME,PFSTI,PI,PRI,RDAC,MUI� � ��  (1)

For evaluating the model, we use the area under the ROC curve. The area under the 
curve of this model is 0.948 with a 95% confidence interval (0.941, 0.955), which 
indicates that this model performs significantly better than by chance.

4  Findings

Our results go along with previous findings, which showed that the willingness to 
persist in performing innovation activity is expected to be related to the sectors and 
technological regime [5, 6, 40], innovation in product or process, R & D activity, 
doing more than one type of innovation [7], and using public support or tax incen-
tives [16]. An important distinction emerges between the relative importance of 
conducting more than one type of innovation in the firm in explaining innovation 
persistence, and the relatively lesser importance of the size of the firm. In parallel 
with the case of Norway [6], the firm dimension has less impact on the propensity 
to persist than the innovation types (product and process). As our main focus in this 
study is assessing the relation between technological regime and persistence in 
innovation. Firstly, we observe that like some studies [40], the proportion of persis-
tent innovators is significantly higher in high-tech industries. Also, almost 75% of 
high-tech firms are persistent in innovation, while less than half of other technologi-
cal regimes (40%) continue their innovation in their firms. Secondly, firms in high- 
tech sectors and science-based industries have more incentives to innovate, and 
hence they tend to innovate persistently. This result is consistent with other findings 
on Dutch and [5] Norwegian firms [6]. This could be because of the  innovation 
agencies in these two countries and the similarity of their missions with Portuguese’s 
innovation strategy, all support innovation activities across the economy without a 
focus on practical sectors or technology levels. Findings suggest that those who are 
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in science-based sectors are almost respectively 3, 3.4, and 3.2 times more likely to 
be persistent innovators than those who are in supplier-dominated (SD), scale- 
intensive (SII), and specialized suppliers (SS) categories. Furthermore, we can see 
that as much as firms use public support and tax incentives, the probability of per-
sistence in innovation would increase. In the same vein as Le Bas and Poussing [7], 
both product and process innovators are more prone to be persistent than innovators 
performing a single type of innovation, our findings also reflect the nature of the 
significance of performing more than one type of innovation on the increasing of 
probabilities of continuity of innovation [7].

5  Recommendations and Limitations

This study evidences that the most relevant drivers of persistence of innovation are 
those that are related to the innovative strategy, such aspersing more than one type 
of innovation, also, supporting firms financially with public subsidies is also an 
important determinant of continuity, and surprisingly, that continuity is less related 
to firm size. But innovation policies should continue with supporting firms for their 
innovation activity and innovation strategies should be considered to conduct a vari-
ety of innovation types. Furthermore, larger firms are not more prone to persist in 
innovation, so this proxy is not an essential part of the continuity of innovation, and 
policymakers should not just focus on the firm dimension and positively discrimi-
nate large companies, given that their smaller counterparts are equally prone to 
continue in innovation.

One of the limitations of this study is that, sampling criteria forced to remove 
firms that do not present in both waves, disregarding the underlying reason, nor the 
stopping motivation as well as the igniting force. This might lead to an attrition bias, 
especially if the exit of firms from samples is correlated with not continuing innova-
tion in innovation performance. The control for such a bias cannot be made; how-
ever, future research may minimize this problem by adding additional CIS waves. 
Second, here, the present appraisal used comparative statics and a memory-based 
endogenous variable despite the cross-sectional estimation to identify the correla-
tion between proxies and their role in firms’ continuity of innovation. Further 
research may use with panel data analysis and provide additional insights.

Moreover, some limitations are associated with the survey: since these two ques-
tionnaires were somehow different, some variables could not be examined, subjec-
tivity might cause not/over-reporting by firms, also a large part of the economy is 
omitted.

Our main contribution to the literature is that it has extended prior research on 
innovation persistence with the argument that firms in different technological 
regimes show different persistent innovative behavior. Furthermore, we contribute 
to the literature by demonstrating that complex innovators are more likely to persist 
than single innovators, reinforcing the complementarities among the innovation 
cycle and the multi-layer facets of the innovative behavior. Future research could 
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also try to better understand why and how firms continue their innovative actions in 
different spans of time. Moreover, in the innovation ecosystem, openness and col-
laboration are playing a key role in doing innovation and hence, can be further 
research subjects for assessing their impact on the continuity of innovation.
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Abstract Oil refineries play an important role in the economy, mainly in the trans-
port and energy sectors; however, they are energy-intensive industries and respon-
sible for a significant amount of waste and carbon dioxide emissions. Industrial 
symbiosis can contribute significantly to increasing the sustainability of this sector, 
as it allows entities that are traditionally separate, to cooperate with each other in 
sharing resources and allows waste valorization. Thus, this article aims to analyze 
the main drivers, barriers, and challenges that this industry faces when implement-
ing and developing industrial symbiosis. To this end, an exhaustive survey of pub-
lished case studies of industrial symbiosis with refineries was conducted to analyze 
the economic activities involved, the type of flow and the role of refineries as source 
or sink. The study showed that despite the challenges that this sector has to face for 
the implementation and development of industrial symbiosis, there are numerous 
possibilities for its realization.

Keywords Industrial symbiosis · sustainability · oil refinery · energy-intensive 
industry

Â. Neves (*) · H. Ferreira · F. J. Lopes 
Department of Mechanical Engineering, Polytechnic Institute of Viseu, Viseu, Portugal
e-mail: aneves@estgv.ipv.pt 

R. Godina 
UNIDEMI, Faculty of Science and Technology (FCT), Universidade NOVA de Lisboa, 
Caparica, Portugal 

J. C. O. Matias 
GOVCOPP, Unidade de Investigação em Governança, Competitividade e Políticas Públicas, 
Campus Universitário de Santiago, Universidade de Aveiro, Aveiro, Portugal

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
J. C. de Oliveira Matias et al. (eds.), Quality Innovation and Sustainability, 
Springer Proceedings in Business and Economics, 
https://doi.org/10.1007/978-3-031-12914-8_21

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-12914-8_21&domain=pdf
https://orcid.org/0000-0002-9528-0126
https://orcid.org/0000-0003-1244-5624
https://orcid.org/0000-0003-4329-6246
mailto:aneves@estgv.ipv.pt
https://doi.org/10.1007/978-3-031-12914-8_21


266

1  Introduction

Oil refineries play an important role in the economy, mainly in the transport and 
energy sector, but also in the production of goods such as plastics, paints, fertilizers, 
which have refined petroleum products as raw materials, and by-products such as 
sulfur. However, they are energy-intensive industries and the manufacture of coke 
and refined petroleum products sector in 2020 was responsible for 5.2% of the total 
carbon dioxide emissions in the EU-27, relative to all economic activities [1] and, 
in 2018, was responsible for the production of 6,080,000 tonnes of waste (hazard-
ous and non-hazardous) [2]. Furthermore, it is heavily dependent on oil price fluc-
tuations, which makes it more susceptible to these fluctuations. Thus, it is essential 
to find solutions that make this industry more efficient and more sustainable.

Industrial symbiosis enables a shift from a linear to a circular paradigm, in which 
different entities associate in a mutually beneficial relationship to exchange 
resources, energy, water, infrastructure, and public services, and where waste is 
valued as a resource [3, 4]. Driven by various reasons, such as cost savings with raw 
materials, with the treatment and disposal of waste in landfills, with the compliance 
with environmental requirements, among others [5], the industrial symbiosis has 
spread a little around the world with a myriad of economic, environmental, and 
social benefits [6]. In the scientific literature, there are several articles that compile 
different case studies of industrial symbiosis [5, 7–9], and research on this practice 
related to refineries [3, 10, 11]. However, there was a gap in the research regarding 
the compilation and analysis of industrial symbiosis case studies focused on refiner-
ies and their specificities.

Thus, this paper aims to analyze the main drivers for the implementation and 
development of industrial symbiosis (IS) in refineries, and the barriers and chal-
lenges that this sector faces for this practice to take hold. To this end, a literature 
review was conducted to collect case studies of industrial symbiosis involving refin-
eries to provide a comprehensive overview of the activity of this practice and pro-
vide information about the economic activities involved, the types of flows and the 
role of refineries as sources and sinks. The study is organized as follows: in Sect. 2, 
the methods used in the review are presented; in Sect. 3, the case studies of indus-
trial symbiosis where refineries are part of are described and analyzed; in Sect. 4, 
the main drivers, barriers, and challenges to the implementation and development of 
industrial symbiosis with the involvement of refineries are discussed; and finally, in 
Sect. 5, the main conclusions are presented.

2  Methodology

To meet the proposed objectives, a methodology developed in different phases was 
followed: the in-depth collection of existing literature, the screening of relevant 
publications and their content analysis. To perform a comprehensive search, the 
academic database Scopus, and the publishers with more publications in this area, 
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such as Elsevier, Wiley Online Library, Springer, MDPI, Inderscience, Taylor & 
Francis, ACS Publications, SAGE Journals, Emerald Insight, IEEE Xplore, and 
Annual Reviews were used. Using the keyword combination “industrial symbiosis” 
AND Refineries, 28 publications were obtained in Scopus and 1052 in the publish-
ers. The combination “industrial symbiosis” AND Case studies was also used to 
check whether any relevant cases had been excluded. The search resulted in 439 
articles from Scopus and 4308 from the publishers.

With the resulting database, and after eliminating repeated publications and arti-
cles not written in English, a first selection was made. Thus, only research articles, 
conference articles, and book chapters were included, and no time interval was 
imposed. In the next screening, only articles that studied industrial symbiosis were 
included. Thus, titles, keywords, and abstracts were read to select the relevant pub-
lications for the study. Subsequently the whole article text was examined in order to 
include only articles referring to case studies. All cases of industrial symbiosis stud-
ied in a real context, but whose relationships had not yet been materialized, were 
excluded. Finally, the entities involved in the case studies of industrial symbiosis 
were verified and only those with refineries were included. This selection resulted 
in 30 articles that were subject to a more detailed content analysis.

3  Analysis of IS Case Studies Involving Refineries

Refineries are part of very diversified industrial symbiosis networks, in terms of 
location, size, economic activities involved, and types of flows, as illustrated in 
Table 1, which compiles the case studies. The results of the bibliographic research 
show a variable distribution of case studies involving refineries over the years, as 
illustrated in Fig. 1. Regarding the geographical distribution, there is a predomi-
nance of case studies referring to Europe, with seven different cases, studied in 17 
articles. Of these, nine concern the Kalundborg case, one of the first and most cited 
in scientific publications [5]. Asia comes next with five cases studied in six articles 
and North America with three different cases studied in five articles. Lastly, Oceania 
with four publications referring to a single case.

In terms of regions (listed in the legend of Fig. 2), the UK has the highest number 
of cases, three, followed by the USA and South Korea, with two. The remaining 
countries have only one case, even though this is sometimes studied in more than 
one publication.

Regarding the economic activities present in the industrial symbiotic networks 
involving refineries, there is a great diversity, as illustrated in Fig. 3, which appear 
grouped according to the International Standard Industrial Classification of All 
Economic Activities, Revision 4 (ISIC, Rev.4).

In the case studies analyzed, there are 38 industrial symbiotic relationships 
involving refineries. Of these, in 63.2%, the refineries are the ones supplying the 
waste or utilities and only in 36.8% are the receivers. Regarding the diversity of 
economic activities, refineries provide waste and utilities to 19 different industries, 
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Fig. 1 Distribution of the number of case study publications by year and location

Fig. 2 Mapping of published case studies of industrial symbiosis with refineries as participants

while they are sinks of only nine. Electricity, gas, steam, and air conditioning supply 
are those that contribute most to the supply of waste to refineries, representing 
64.3% of the total. This is followed by manufacturing and water supply; sewerage, 
waste management, and remediation activities, which account for 21.4% and 14.3%, 
respectively. The diversity of economic activities that are the sources of the waste 
produced by refineries is greater than that of sinks. Of the four receiving sections, 
manufacturing has the greatest weight and diversity, accounting for 54.5% of the 
total. This fact can be explained by the capacity to absorb waste from other indus-
tries, both the same and different, and to incorporate them as raw material. This is 
followed by Electricity, gas, steam, and air conditioning supply with 22.7%. Finally, 
Agriculture, forestry and fishing, and water supply; sewerage, waste management, 
and remediation activities represent 13.6% and 9.1%, respectively. Cities can also 
be sinks of waste from refineries, namely, waste heat, and thus reduce the environ-
mental and economic impact of energy use in cities.

Â. Neves et al.



273

Fig. 3 Economic activities involved in industrial symbiosis with refineries, reported in the pub-
lished case studies. (The numbers refer to the economic activities present in the industrial symbio-
sis networks within the respective division defined according to the ISIC)

The type of flow is also very diversified, with a higher incidence on the exchange 
of steam, gas, CO2, and water.

As reported in previous studies, also in these cases, the industrial symbiosis 
activity allowed to achieve several benefits. In the case of Rotterdam, industrial 
symbiosis allowed greenhouse companies to reduce in 2007, 170,000 tons of CO2 
emissions by saving 95 million m3 of natural gas [13, 14]. In Guayama, Puerto Rico, 
the flow exchanged between the power plant and the refinery, steam, allowed a 
99.5% reduction of sulfur dioxide (SO2) emissions, a 95% reduction of particulate 
matter smaller than 10  mm (PM10) and 84% reduction of nitrous oxide (NOx) 
[15, 16].
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4  Drivers, Barriers, and Challenges

The diversity of economic activities and the flows exchanged in the cases of IS col-
lected in this article reveal the potential of refineries to establish this type of rela-
tionship and thereby obtain economic and environmental benefits. However, there 
are several barriers that constrain this development. One of them is related to the 
complexity of the production process of petroleum products that require many 
inputs of materials and energy and therefore makes them more dependent [17]. For 
this reason, it makes this type of industries very vulnerable to disruptive events, 
which requires a very high level of trust in the companies involved in the symbiosis 
network to ensure the quantity and quality of flow required. Furthermore, if there 
are more companies in a chain, the non-supply of a by-product can compromise the 
whole IS network [18].

Another major challenge that refineries face is the constraints in the legislation 
regarding the use of waste. Often there are barriers to consider a waste product as a 
by-product, which prevents it from being used as a raw material by another entity. 
Furthermore, the characteristic of the waste may also condition the achievement of 
industrial symbiosis. One of the examples is the use of waste heat, where infrastruc-
tures are required to direct the waste from the source to the receiver, which involves 
large amounts of money that companies are not always willing to assume.

The companies’ initiative is a determining factor for the success of the imple-
mentation of industrial symbiosis. However, the lack of knowledge of this practice, 
the reluctance to disclose waste data and the lack of trust condition its 
implementation.

Another challenge facing the development of industrial symbiosis is its expan-
sion and continuity over the years, because, as demonstrated in several studies, even 
if it occurs spontaneously, there must be mechanisms to drive it [19, 20].

4.1  Strategies to Overcome Barriers to Industrial Symbiosis 
in Refineries

As mentioned earlier, there are many barriers and challenges to the implementation 
and development of industrial symbiosis involving refineries, so it is essential to 
find strategies to overcome these barriers. One of the strategies is to implement 
legislation that facilitates the creation of industrial symbiotic relationships and 
speeds up the process that allows waste to be considered as a by-product. Financial 
support from government entities may also help to overcome barriers when creating 
synergies, namely, support for initial investment to create infrastructures, as is the 
case of those necessary for the use of waste heat.

The existence of entities that can overcome existing barriers may be essential in 
some cases, both in building bridges of trust between the various companies and in 
disseminating the various economic and environmental advantages of this practice. 
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One of the examples was the programme developed at the Rotterdam Port and 
Industrial Complex where several initiatives emerged due to the dissemination of 
the results obtained by industrial symbiosis initiatives [13].

However, the existence of a driver may not be sufficient to initiate the industrial 
symbiotic relationship. Often it is a set of factors that together provide the favour-
able conditions for synergy to develop. One of the examples, was what happened in 
Rotterdam in the Netherlands, where although the project of using waste heat from 
the refinery had been thought of for many years, it was only realized years later [14]. 
Although the pressure for the use of surplus heat was great, it was only when other 
actors came in, such as a company responsible for new developments and the indus-
trial network was extended to other social actors, such as housing cooperation and 
energy suppliers, that synergy could be realized [14].

The dissemination of success cases, the existence of an entity that analyzes the 
potential of new symbiotic relationships and helps to create trust between compa-
nies to make them a reality, and the existence of companies that due to the amount 
of resources consumed and waste produced can act as an anchor for other compa-
nies, can also be decisive in the development of industrial symbiosis.

5  Conclusions, Limitations, and Future Work

The literature review presented in this article focused on oil refineries and aimed to 
analyze the main barriers and challenges that this type of industry faces when 
implementing industrial symbiosis. To this end, a survey was carried out of pub-
lished case studies of industrial symbiosis, to study what wastes and the entities 
involved in the different cases, as well as the constraints present. From the geo-
graphical distribution analysis, the study revealed a higher number of published 
cases in Europe and Asia, followed by North America and Oceania. The study also 
revealed the enormous potential of refineries for establishing industrial symbiotic 
relationships given the huge diversity of economic activities involved and the nature 
of the flows. However, in most cases, in 63.2%, refineries were the source of these 
flows and not the sinks.

Despite this potential, refineries face many challenges, such as the complexity of 
their production system, the lack of expedient mechanisms in existing legislation, 
the constraints inherent in the use of some wastes, such as waste heat, unawareness 
of the practice, reluctance to disclose company data, and lack of trust.

Industrial symbiosis can make a very significant contribution to increasing sus-
tainability in refineries and help mitigate the negative effects of their operation. 
However, more incentives and more studies are needed that can support the imple-
mentation and development of this practice in such an important sector of society.

This article presents some limitations, associated with the methodology used for 
the research. Only publications in English and peer-reviewed journals were consid-
ered. And although this last condition ensures the quality of the publications used, 
it has the limitation that other publications, such as industry reports, public 
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documents, which could be an important source of information regarding case stud-
ies involving refineries, were not considered.

Thus, one of the future works would be a broader approach to various sources of 
information in order to collect more data on this industry and existing synergies. It 
would also be important in future research to deepen the study on ways to facilitate 
these industrial symbiotic relationships. Extending the study to other industries 
would also be very relevant. On the one hand, to study new possibilities of synergy 
and use of waste involving refineries and, on the other, to learn good practices with 
other similar industries that have well-established industrial symbiotic relationships 
and transpose them to refineries.

References

1. Eurostat, European Commission. Air emissions accounts by NACE Rev. 2 activity. https://
appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do. Last accessed 2022/02/09.

2. Eurostat, European Commission. Generation of waste by waste category, hazardousness 
and NACE Rev. 2 activity[env_wasgen]. https://appsso.eurostat.ec.europa.eu/nui/show.
do?dataset=env_wasgen&lang=en. Last accessed 2022/02/09.

3. Cervo, H., Ferrasse, J.-H., Descales, B., & Van Eetvelde, G. (2020). Blueprint: A methodology 
facilitating data exchanges to enhance the detection of industrial symbiosis opportunities – 
application to a refinery. Chemical Engineering Science, 211, 115254.

4. Henriques, J. D., Azevedo, J., Dias, R., Estrela, M., Ascenço, C., Vladimirova, D., & Miller, 
K. (2022). Implementing industrial symbiosis incentives: An applied assessment framework 
for risk mitigation. Circular Economy and Sustainability, 2, 669–692.

5. Neves, A., Godina, R., Azevedo, S. G., & Matias, J. C. O. (2020). A comprehensive review of 
industrial symbiosis. Journal of Cleaner Production, 247, 119113.

6. Wadström, C., Johansson, M., & Wallén, M. (2021). A framework for studying outcomes in 
industrial symbiosis. Renewable and Sustainable Energy Reviews, 151, 111526.

7. Herczeg, G., Akkerman, R., & Hauschild, M. Z. (2018). Supply chain collaboration in indus-
trial symbiosis networks. Journal of Cleaner Production, 171, 1058–1067.

8. Mendez-Alva, F., Cervo, H., Krese, G., & Van Eetvelde, G. (2021). Industrial symbiosis pro-
files in energy-intensive industries: Sectoral insights from open databases. Journal of Cleaner 
Production, 314, 128031.

9. Liu, Z., Ashton, W. S., Adams, M., Wang, Q., Cote, R. P., Walker, T. R., Sun, L., & Lowitt, 
P. (2022). Diversity in financing and implementation pathways for industrial symbiosis across 
the globe. Environment, Development and Sustainability.

10. Golmohamadi, H. (2022). Demand-side management in industrial sector: A review of heavy 
industries. Renewable and Sustainable Energy Reviews, 156, 111963.

11. Ketabchi, E., Mechleri, E., & Arellano-Garcia, H. (2019). Increasing operational effi-
ciency through the integration of an oil refinery and an ethylene production plant. Chemical 
Engineering Research and Design, 152, 85–94.

12. Park, H.-S., Rene, E. R., Choi, S.-M., & Chiu, A. S. F. (2008). Strategies for sustainable devel-
opment of industrial park in Ulsan, South Korea—From spontaneous evolution to systematic 
expansion of industrial symbiosis. Journal of Environmental Management, 87, 1–13.

13. Baas, L. (2011). Planning and uncovering industrial symbiosis: Comparing the Rotterdam and 
Östergötland regions. Business Strategy and the Environment, 20, 428–440.

14. Baas, L. W., & Huisingh, D. (2008). The synergistic role of embeddedness and capabilities in 
industrial symbiosis: illustration based upon 12 years of experiences in the Rotterdam Harbour 
and Industry Complex. Progress in Industrial Ecology, an International Journal, 5, 399–421.

Â. Neves et al.

https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_wasgen&lang=en
https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=env_wasgen&lang=en


277

15. Chertow, M. R., Ashton, W. S., & Espinosa, J. C. (2008). Industrial symbiosis in Puerto Rico: 
Environmentally related agglomeration economies. null, 42, 1299–1312.

16. Chertow, M. R., & Lombardi, D. R. (2005). Quantifying economic and environmental benefits 
of co-located firms. Environmental Science & Technology, 39, 6535–6541.

17. Kuznetsova, E., Louhichi, R., Zio, E., & Farel, R. (2017). Input-output Inoperability Model for 
the risk analysis of eco-industrial parks. Journal of Cleaner Production, 164, 779–792.

18. Bansal, P., & McKnight, B. (2009). Looking forward, pushing back and peering sideways: 
Analyzing the sustainability of industrial symbiosis. Journal of Supply Chain Management, 
45, 26–37.

19. Mirata, M. (2004). Experiences from early stages of a national industrial symbiosis pro-
gramme in the UK: Determinants and coordination challenges. Journal of Cleaner Production, 
12, 967–983.

20. Notarnicola, B., Tassielli, G., & Renzulli, P. A. (2016). Industrial symbiosis in the Taranto 
industrial district: Current level, constraints and potential new synergies. Journal of Cleaner 
Production, 122, 133–143.

21. Branson, R. (2016). Re-constructing Kalundborg: The reality of bilateral symbiosis and other 
insights. Journal of Cleaner Production, 112, 4344–4352.

22. Chopra, S.  S., & Khanna, V. (2014). Understanding resilience in industrial symbiosis net-
works: Insights from network analysis. Journal of Environmental Management, 141, 86–94.

23. Domenech, T., & Davies, M. (2011). Structure and morphology of industrial symbiosis net-
works: The case of Kalundborg. Procedia - Social and Behavioral Sciences, 10, 79–89.

24. Ehrenfeld, J., & Gertler, N. (1997). Industrial ecology in practice: The evolution of interdepen-
dence at Kalundborg. Journal of Industrial Ecology, 1, 67–79.

25. Jacobsen, N. B. (2006). Industrial symbiosis in Kalundborg, Denmark: A quantitative assess-
ment of economic and environmental aspects. Journal of Industrial Ecology, 10, 239–255.

26. Valentine, S. V. (2016). Kalundborg Symbiosis: fostering progressive innovation in environ-
mental networks. Journal of Cleaner Production, 118, 65–77.

27. Zhang, X., & Chai, L. (2019). Structural features and evolutionary mechanisms of indus-
trial symbiosis networks: Comparable analyses of two different cases. Journal of Cleaner 
Production, 213, 528–539.

28. Zhang, Y., Zheng, H., Chen, B., & Yang, N. (2013). Social network analysis and network 
connectedness analysis for industrial symbiotic systems: model development and case study. 
Frontiers of Earth Science, 7, 169–181.

29. Harris, S., & Pritchard, C. (2004). Industrial Ecology as a learning process in business strategy. 
Progress in Industrial Ecology, an International Journal, 1, 89–111.

30. Notarnicola, B., Tassielli, G., & Renzulli, P. A. (2014). Potential developments of industrial 
symbiosis in the Taranto Productive District. In R.  Salomone & G.  Saija (Eds.), Pathways 
to environmental sustainability: Methodologies and experiences (pp.  215–224). Springer 
International Publishing.

31. Nilsson, J., & Martin, M. (2022). Exploratory environmental assessment of large-scale cul-
tivation of seaweed used to reduce enteric methane emissions. Sustainable Production and 
Consumption, 30, 413–423.

32. Chertow, M., & Miyata, Y. (2011). Assessing collective firm behavior: comparing industrial 
symbiosis with possible alternatives for individual companies in Oahu, HI. Business Strategy 
and the Environment, 20, 266–280.

33. Eckelman, M. J., & Chertow, M. R. (2013). Life cycle energy and environmental benefits of a 
US industrial symbiosis. The International Journal of Life Cycle Assessment, 18, 1524–1532.

34. Won, J., Kim, J., Lee, S., & Park, H. (2006). Industrial symbiosis as an integrated business/
environment management process: The case of ulsan industrial complex. In 2006 International 
forum on strategic technology (pp. 423–428).

35. Chae, S. H., Kim, S. H., Yoon, S.-G., & Park, S. (2010). Optimization of a waste heat utiliza-
tion network in an eco-industrial park. Applied Energy, 87, 1978–1988.

Industrial Symbiosis Applied to Oil Refineries: Drivers and Barriers



278

36. Cerceau, J., Mat, N., Junqua, G., Lin, L., Laforest, V., & Gonzalez, C. (2014). Implementing 
industrial ecology in port cities: International overview of case studies and cross-case analysis. 
Journal of Cleaner Production, 74, 1–16.

37. Yin, C.-Y., & Lee, L. Y. (2019). Teaching chemical engineering students industrial symbiosis 
using online resources: A Singapore case study. Education for Chemical Engineers, 27, 28–34.

38. van Beers, D., Bossilkov, A., Corder, G., & van Berkel, R. (2007). Industrial symbiosis in 
the Australian minerals industry: The cases of Kwinana and Gladstone. Journal of Industrial 
Ecology, 11, 55–72.

39. Harris, S. (2007). Industrial symbiosis in the Kwinana Industrial Area (Western Australia). 
Measurement and Control, 40, 239–244.

40. MacLachlan, I. (2013). Kwinana Industrial Area: Agglomeration economies and industrial 
symbiosis on Western Australia’s Cockburn Sound. null, 44, 383–400.

41. Oughton, C., Anda, M., Kurup, B., & Ho, G. (2021). Water circular economy at the Kwinana 
Industrial Area, Western Australia—the dimensions and value of industrial symbiosis. Circular 
Economy and Sustainability, 1, 995–1018.

Â. Neves et al.



279

Towards a More Sustainable Use 
of the Portuguese Road Network: The A25 
and IP5 Case Study

Hugo Ferreira, José Campos, Ângela Neves , and Francisco J. Lopes

Abstract The transport sector is an energy-intensive industry whose main purpose 
is to promote the mobility of people and goods. As such, a more rational use of the 
existing road infrastructures is unquestionably a way to reduce the environmental 
impact of this sector and to mitigate the depletion of energy resources. Some fac-
tors, however, may negatively affect the user’s decision on which route to take, from 
an energy sustainability perspective. In this context, the introduction of tolls on 
modern highways can have the perverse effect of diverting some traffic to other 
routes that often do not favor the energy sustainability of the transport system. This 
work addresses this issue and is based on a Portuguese case study, aiming to com-
pare the relative merits of two parallel routes, the A25 and the IP5, as to energy 
consumption, GHG emissions, and travel times. These roads cross the district of 
Viseu. The A25 is a modern 2 × 2 lane highway, with tolls, while the other is 2-lane 
toll-free road with severe slopes. These indicators were evaluated through a physics- 
based approach, considering detailed vehicle specifications and reported traffic vol-
umes, supported by literature. The results show that for equal travel times the A25 
is more environmentally friendly, for all vehicle classes, in terms of energy con-
sumption and GHG emissions. However, the IP5 is more attractive from an eco-
nomic point of view, except for heavy traffic.
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1  Introduction

1.1  Study Motivation and Objectives

At the beginning of this century, the Portuguese public investment in road infra-
structures was considerable, in order to provide the country with a modern road 
network. However, this effort worsened the republic’s debt significantly. To mitigate 
the costs arising from the established private-public credit-funded partnerships, ear-
lier in the second decade, the Portuguese government imposed tolls on all controlled 
access highways, with few exceptions. With a reference cost of 0.0667 €/km, 
excluding VAT, established by Decree-Law No. 111/2011, similar to the fuel costs 
of a passenger car, traffic volumes on these highways decreased considerably [1], 
being diverted to alternative toll-free roads, less efficient in terms of flow capacity, 
travel times, and fuel consumption. In fact, the vertical and horizontal alignments of 
these roads were designed for lower speeds and traffic volumes.

This political decision was defended as an application of the user-pays principle. 
However, the environmental and social impact of underutilizing a modern infra-
structure in favor of an older network, while ignoring the suitability of the alterna-
tive routes, was not studied in light of any sustainability criteria. Additionally, some 
of these modern highways were built over preexisting roads, thus eliminating pos-
sible alternatives. This is the case of the A25, which overlaps what was the IP5 route 
along most of its length. This option had a negative impact on mobility and bur-
dened toll-free local roads [2]. However, the comparison between the two routes is 
still possible between junctions the ‘14’ and ‘19’ of the A25 that runs parallel to the 
IP5, passing south of the city of Viseu, while the IP5 passes north of the city. The 
first is a 2 × 2-lane road, 32 km long, with a speed limit of 120 km/h and a maximum 
gradient of 5%, while the second is a 2-lane (undivided) toll-free road, 34 km long, 
with a speed limit of 90 km/h and a ruling gradient of 8%. Figure 1 shows the paths 
and the elevation profiles of these roads.

In this context, this case study has regional relevance and aims to quantify the 
user’s gains and losses arising from diverting his route from the A25 to the IP5, 
while quantifying the environmental impact of such choice. The gains/losses com-
puted are the direct costs with fuels and tolls. The indirect cost is the travel time. 
The environmental impacts considered are the energy resources consumed and 
greenhouse gas emissions (GHG) produced by the reported traffic for the year 2019 
[3]. This is a study option, by reasons of representativeness, since the confinement 
measures enforced by the Portuguese government in 2020 and 2021, in response to 
the COVID-19 pandemic, have significantly altered traffic patterns.

In simple terms, the main research questions are:

 1. Is it worth taking the alternative route IP5, and who will it serve best, light or 
heavy traffic?

 2. What passive measures can be adopted in order to mitigate the environmental 
impact ensuing from an unregulated use of the available road network?
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In order to answer the first question, it is necessary to perform a cost analysis due 
to tolls charges and fuel consumption vs. travel time, since these factors impact on 
the user’s decision on which route to take.

With regard to the latter, the measures mentioned fall within the scope of road 
policy decisions, such as the dynamic adjustment of speed limits and tolls, based on 
criteria of greater sustainability in the use of energy resources (thus mitigating envi-
ronmental impacts), depending on the type of vehicle and fuel prices. These passive 
measures would not require the modification of existing infrastructure. The perti-
nence of this research topic is already established [4–9].

1.2  Literature Review

In order to answer the research questions above, it was necessary to consider repre-
sentative vehicles, as to their type and technical specifications, and to estimate their 
fuel consumptions and GHG emissions for the routes under study, resorting to 
detailed gradient profiles, since they present long and severe slopes [10–14].

In this case study, constant speed duty cycles are assumed, as free-flow traffic 
conditions prevail throughout the day and year. In fact, the reported distance- 
weighted annual average daily traffic (AADT) for the A25 link under study is 
9015 v/d (vehicles per day), for the year 2019 [3]. This is less than 100 v/d per lane, 
when free-flow traffic saturation occurs above 1000 v/d per lane [15]. Naturally, 
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heavy trucks are unable to maintain the desired cruising speed on severe ramps. 
However, under free-flow conditions, it has already been shown that the constant 
speed simplification is valid, when equal to the actual average speed [16]. The mod-
eling of the vehicle energy consumption, reflecting its motion resistance and the 
gradient profile of the road, was elaborated from the literature [16–21], considering 
the usual simplifications of sinθ ≅  tan θ and cosθ ≅ 1 (Fig. 2). All equations pre-
sented were adapted in order to be coherent in the International System of Units 
(S.I.). The models used for the computation of the propulsive energy, fuel consump-
tion, and GHG emissions are presented below in sequence, starting with the (posi-
tive) road work for free-flow constant speed operation over the road length L:

 
E F dx F x mg z

L

vP P R c te
� � � �� �� �

�

�

0

� �
.

 
(1)

where the vehicle motion resistance, due to the drag force and rolling resistance, is

 
F C mg AC vR RR air d� �

1

2
2�

 
(2)

The rolling resistance coefficient CRR, and the vehicle frontal area A, affected by 
the drag coefficient Cd, were retrieved from [19, 22]. Also, given the fact that the 
elevation profiles of the roads are considerably different, the air density ρair is com-
puted as a function of altitude, in order to contemplate the local pressure. The cor-
rection factor in brackets reflects the barometric equation [23]

=

= sin

Fig. 2 Free-body diagram of a road vehicle over an incline plane
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Regarding the fuel consumption of an internal combustion engine, it depends 
almost entirely on the positive work developed, thus the integration in Eq. 2 consid-
ers only the action of the propulsive force when positive, FP

+ , where X+ =  MAX (0; X), 
being X any given quantity. The related fuel energy Ef is based on the thermody-
namic concept of thermal efficiency, ηth, w (Eq.  4), being the results accuracy- 
dependent only on the representativeness of the thermal efficiencies. In this study, 
the values proposed by [19, 22] are used, since they reflect thermal efficiencies at 
the wheels level obtained during field testing.

 
�th w

P

fuel

P

f f
, � �

E

E

E

m H  
(4)

where mf is the fuel mass and Hf is its lower heat value (S.I. units). The values con-
sidered are 42.7 MJ/kg and 41.5 MJ/kg, respectively, for diesel and gasoline [19, 22].

The integration in Eq. 2 portrays an energy balance and was performed numeri-
cally (as depicted by the summation) with a spatial resolution ∆x of one hectometer. 
The respective elevation changes ∆z were obtained from Google Earth elevation 
data. This procedure was validated against the A25 design gradient profile provided 
by the road concessionaire ASCENDI [16]. This approach is already reflected in the 
literature [11, 24–26].

The main specifications of the most frequent vehicles encountered on these 
routes, according to [17], are summarized in Table 1, being retrieved from [19, 20, 
22]. The rolling resistance coefficient of passenger cars is speed-dependent [19]

 C v vRR � � � � �9 0 05 1 6 10 6 4. .  (5)

where, v is the speed in “m/s” and CRR is expressed in “N/kN.”

Table 1 Specifications of the vehicles studied

Vehicle configuration Fuel type RVM (kg)
ACd
(m2)

CRR
(N/kN)

ASR
(km/h)

TEW
(%)

D 13,098 5.39 5.50 68–85 35.6

D 34,165 5.21 “ “ 37.2

D 1675 0.681 Eq. (5) 83–128 30.0

P 1350 0.642 “ “ “

Notes: D diesel, P petrol, RVM running vehicle mass, ACd frontal area × drag coefficient, CRR 
coefficient of rolling resistance, ASR average speed range, TEW thermal efficiency at the wheels
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Organization of the Paper This study is organized as follows: Sect. 2 establishes 
the methodology regarding traffic modeling and defines the simulated scenarios; in 
Sect. 3 the results of the case study are presented and discussed; and finally, in Sect. 
4, the main conclusions are presented.

2  Methodology

2.1  Route Comparison Guidelines

To achieve the study objectives implicit in the first research question, the methodol-
ogy followed considers, for equal travel times on both routes, the interests of the 
user with respect to fuel consumption, GHG emissions, and fuel and toll costs.

The propulsive energy and fuel consumption models were discussed in the con-
text of the literature review (Eqs. 1 to 5). Regarding GHG emissions, they were 
computed from known emission factors of 3.04 kgCO2/kgfuel and 3.13 kgCO2/kgfuel, 
respectively, for petrol (gasoline) and diesel [20, 22].

Regarding the direct costs analysis, the known tolls charges per round trip were 
used, equal to 3.3, 5.6, and 8 euros, respectively, for passenger cars, 2-axel rigid 
trucks, and articulated 5-axle trucks. As for fuel costs, the average prices practiced 
in Portugal in 2019 were considered, these being 1.523 €/l for petrol and 1.390 €/l 
for diesel [27]. The respective fuel densities, needed to calculate the volume of fuel 
spent, are 750 kg/m3 and 836 kg/m3 [20, 22]. The years 2020 and 2021 were not 
considered due to representativeness issues, for the reasons previously discussed.

2.2  Traffic Characterization on the A25 and IP5 Routes

In order to quantify the overall economic and environmental impacts associated 
with the imposition of tolls, a methodology was developed in order to estimate the 
magnitude of the traffic that is being diverted from the A25 to the IP5. For this pur-
pose, the traffic distribution was characterized in terms of average annual daily traf-
fic volumes (AADT) per vehicle classes and route.

There are no published data regarding the current traffic volumes on the IP5, so 
they were inferred from the published AADT data along the A25 and from nodal 
flow balances. The main assumption is that the abrupt drop in traffic volumes 
observed on the A25 when it crosses the IP5 (at junctions ‘14’ and ‘19’) are being 
channeled to the alternative route. However, in order to mitigate possible sink and 
source effects, resulting from local traffic flows, the nodal balances were performed 
using the distance-weighted average traffic volumes observed west of node ‘14’ and 
east of node ‘19’, over no less than three road links, for each case. The mean AADT 
for these adjoining segments, 24 km long, is 14,108 v/d, the difference between the 
two groups being 3.4% of the mean value. However, the AADT for the A25 link 
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14–19 is 9015 v/d. These values were obtained from traffic reports published by the 
Institute of Mobility and Transport [3]. This represents a “fall” of 36%, presumably 
due to deterring effect of tolls. This finding is in line with the values reported for the 
metropolitan areas of Oporto and Lisbon [1]. As for the relative frequency distribu-
tion of traffic per vehicle class, this was obtained through traffic visualization at the 
ASCENDI control center [17].

The flowchart in Fig. 3 summarizes the described methodology, regarding the 
traffic modeling. In this context, the condition of equal travel times was eliminated, 
in order to increase the realism of the study. The AADT results, thus calculated, per 
route and vehicle class, are shown in Sect. 3, Table 2, in order to support and facili-
tate the critical analysis developed there.

However, to perform the required energy balances, it is necessary to know in 
advance the average speeds practiced on the two routes. In this regard, the average 
speeds of passenger cars were computed from the regulatory speed limits, being 
116.4 km/h for the A25 and 90 km/h for the IP5. As for the heavy trucks, given the 
fact that they are unable to adhere to the road speed limits on the most severe climbs, 
a vehicle following strategy was adopted in order to obtain realistic speed values, 
considering only full length runs. The mean average speeds observed (in both direc-
tions) are 80.1 km/h and 73.9 km/h, with standard deviations (of the average speeds) 
of 3.6 km/h and 6.1 km/h, respectively, for the A25 and IP5 links under study. These 
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Fig. 3 Modeling of the traffic distribution by vehicle class and route
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Table 2 Estimated traffic volumes by vehicle class and route for the year 2019

Vehicle class A25 – AADT (v/d) IP5 – AADT (v/d) Total per Class (v/d)

Petrol car 3620 2155 5775
Diesel car 3620 2155 5775
Rigid truck 479 211 691
Tractor-trailer 1296 572 1868

Notes: The IP5 traffic volumes are those diverted from A25; AADT  =  Average Annual Daily 
Traffic (vehicles per day traveling in both directions); the AADT for petrol and diesel cars are 
presumed equal

values result from 37 observations, 20 eastbound and 17 in the westbound direc-
tions. Given the differences in the travel times, an indirect time cost was assumed, 
in order to adequately compare the two routes. This travel time cost was calculated 
as if it were paid work, considering a labor cost of 9.69 €/h. This value reflects the 
average gross salary earned by the Portuguese active population per hour of effec-
tive work in 2019 [28].

Traffic Scenarios Simulated In order to address the second research question, two 
traffic scenarios were considered: the current situation, and a hypothetical scenario 
assuming no traffic detour from the A25 to the IP5. This approach was implemented 
in order to quantify the impact that the elimination of tolls could have on the energy 
resources usage, and to assess which classes of vehicles would benefit most from 
this measure; and thus follow the path towards a more sustainable use of existing 
road infrastructure.

3  Results and Discussion

Comparing both routes in equal terms, with respect to travel times, it can be shown 
that the A25 is considerably more environmentally friendly than the IP5, regardless 
of the type of vehicle. Figure 4 shows the kilometric fuel consumptions and GHG 
emissions per vehicle class and route, as a function of feasible travel times (per run-
ning direction). The results for the A25 are identified by the blue lines, and those for 
the IP5 by the orange lines. The implicit scenario considers that the cars, vehicles A, 
travel with only two occupants. The results for petrol cars are depicted by dashed 
lines. Regarding heavy vehicles, the rigid truck B has a running mass of 13,098 kg, 
reflecting average conditions expectable on a regional duty cycle. As for the tractor- 
trailer combination, vehicle C, the total mass of 34,165 kg is representative of a 
long-haul duty cycle [22].

The results for the petrol and diesel cars are somewhat surprising, since they 
almost overlap each other, when it was expectable on the basis of common sense 
that a diesel car should be more economical than a gasoline car, even on a volume 
basis. The computed fuel consumptions on the A25 of 3.9 to 6.1 l/100 km, for the 
speed range of 83 to 119 km/h, are perfectly aligned with field results obtained in 
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free-flow traffic conditions with a gasoline car, only slightly lighter, on a similar 
link, although facing gradients of up to 6% [16]. This is a direct consequence of the 
difference in weights.

The results for the tractor-trailer combination are also significant, since they 
show that the energy consumption and GHG emissions of heavy vehicles depend 
little on speed on hilly highways, unlike those for lighter vehicles. However, the 
same cannot be said about the road gradients that have a noticeable negative impact 
on the energy efficiency and GHG emissions of heavier vehicles. This conclusion is 
well documented in the literature [5, 6, 11, 12, 16, 18]. However, the finding that 
reducing the speed of heavy trucks on hilly roads is of little value is not yet docu-
mented. It is thought that this is directly related to the gradients severity, since the 
aerodynamic drag of a heavy truck can be considerably lower than 1% of the vehicle 
weight, when loaded, thus much lesser than the gravitational resistance forces expe-
rienced on a hilly road.

Figure 5 highlights these findings. It shows the percentage increase in energy 
consumption and GHG emissions on IP5, when compared to A25, considering also 
the effect of the distance traveled, which is 6.8% higher on the IP5. The worsening, 
ranging from 23% to 34%, is such that when combined with an estimated 36% traf-
fic detour from the A25 to the IP5, it becomes clear that the political decision to 
impose tolls on a modern road network does not favor energy sustainability.

The analysis above is based on the assumption of equal travel times. However, 
eliminating this condition, and assuming that users comply with the regulatory 
speed limits, the benefits of traveling on the A25 are considerably diminished. In 
fact, cars constitute the vast majority of the observed traffic and their energy 
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consumption is highly dependent on speed, which is significantly higher on the 
A25. Figure 6 shows the direct travel costs and the CO2 emissions produced accord-
ing with the following traffic scenarios: the double color bars portray the current 
traffic distribution, characterized in Table 2, the A25 in blue and the IP5 in orange; 
and the light blue columns depict a hypothetical scenario that does not consider any 
traffic detour from the A25 to the IP5.

The results show that the concentration of heavy traffic on the A25 would be 
favorable to the environment. The opposite is true for light vehicles, due to a 29% 
increase in speed. As a result, the overall effect would be only marginally positive, 
with GHG emissions being reduced by 2.8%, from 51,468 mt/yr to 50,006 mt/yr 
(metric ton per year). Fuel costs would also be reduced by 2.5% (2019 prices). 
However, travel costs would increase by 8.3%, from 35.3 to 38.2 million euros per 
year, with the tolls paid accounting for 19.1% and 27.2% of these totals, respec-
tively. On the other hand, the time spent on the road would be reduced by 
182,400 hours in a year. This reduction of 10.7% is equivalent, in Portugal, to an 
average labor cost of 1.8  million euros. Nevertheless, the total equivalent costs 
would still be 2.3% higher for the A25 scenario, without traffic detour, than for the 
current traffic pattern, reflecting a traffic shift of 36% to the IP5. These values are 
significant for 30-km road links, especially in face of the low traffic volumes 
observed. Therefore, the deterring effect of the tolls still justifies the detour to alter-
native roads, despite the increase in travel time.
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Conversely, for the tractor-trailer combination, it was found that the route IP5 is 
not favorable by any standard. In fact, the travel time increases by 15.8% without 
any economic advantage, since it is estimated that the increase in fuel costs exceeds 
tolls savings. The combined effect results in an increase in direct costs of 6.4%, and 
7.7% if the cost of travel time is accounted for. Only empty trucks can benefit from 
such a rerouting strategy. The current fuel prices make this situation even worse. For 
long-haul services, it is common to refuel in Spain, where fuel prices are lower, but 
even so, this would not cancel the losses.

4  Conclusions

Route choice affects the energy consumption, GHG emissions, and travel costs. The 
present case study addresses this problem by analyzing the relative merits of two 
arterial routes crossing the Portuguese district of Viseu. These roads are the high-
way A25 and the IP5. The first has 2 × 2 lanes, a maximum gradient of 5% and a 
speed limit of 120 km/h. The other is an undivided road with only two lanes, has a 
maximum gradient of 8%, and a speed limit of 90 km/h. These roads run parallel 
between the junctions ‘14’ and ‘19’ of the A25. This link is 32 km long, against 
34 km of the toll-free IP5, between the exact same nodes. Round-trip tolls on the 
A25 for cars, 2-axle heavy vehicles, and trucks with four or more axles are 3.3, 5.6, 
and 8.0 euros, respectively.

From the study results, it is possible to conclude that traveling on the IP5 is sig-
nificantly more harmful to the environment than on the A25 for the same travel 
times. Energy consumption is also aggravated, with heavy vehicles being the most 
affected, the fuel bill increasing by 34%. Even for the average gasoline car, the 
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aggravation ranges from 23% to 27%. However, given the magnitude of the tolls, 
the IP5 is still economically attractive to users, if time constraints are disregarded. 
This applies to all vehicle classes studied, with the exception of the tractor-trailer 
combination. In this case, for long-haul duty cycles, the benefits of the A25 are 
unquestionable, the total cost reduction being 7.7% (fuel, tolls, and travel time). 
Only empty movements will have lower costs. Another relevant finding is that 
reducing the speed of heavy trucks on hilly roads is of little value. This is not yet 
documented.

Considering the traffic as a whole, the impact of diverting traffic to the IP5 is 
small, since cars’ speeds are considerably higher on the A25. If prevented, it would 
reduce the CO2 emissions by only 2.8%, and fuel costs by 2.5%. Yet, taking tolls 
into account, total costs would increase by 8.3%. Hence, to take full advantage of 
the potential benefits offered by the A25, it will be necessary to reduce both the tolls 
and the speed limits of passenger cars. These passive measures can be effective if 
rationally introduced. For example, for a speed limit of 110 km/h, reducing light 
vehicle tolls by 57% would make both routes equally attractive to these users, while 
reducing the overall GHG emissions by 4.4%. This conclusion follows directly 
from the results presented in Fig. 5, showing fuel consumption and GHG emissions 
vs. travel time. Different compromises are possible, especially since heavy trucks 
have no visible advantage in diverting their route to the IP5. However, this is hap-
pening, certainly due to the psychological effect of tolls, i.e., the desire to avoid 
them, and to a misinformed route choice.
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Improvement of a Porcelain Baseboard 
Production Line Capacity Using 
Simulation: A Case Study

Inês Seabra Ferreira and Ana Luísa Ferreira Andrade Ramos

Abstract The current high and diversified demand from customers pushes compa-
nies to be more competitive, continuously looking for improvements and to enhance 
their productivity and efficiency. This paper presents a case study of a porcelain tile 
manufacturing industry, focusing on the processes involved in a porcelain base-
board production line. The main objective of the study was to identify and assess 
alternative scenarios of the system that could increase the production capacity. For 
this purpose, the current situation and possible alternatives were simulated using 
Arena Software. Simulation allowed to study different scenarios and compare 
potential improvements in order to pursue wise investment options, confirming the 
enormous utility of this decision-support tool for operations management. In the 
presented case study, the first alternative considered the addition of a parallel pro-
cessing line and showed a 109% increase in the production capacity. The second 
presented scenario involved the addition of an operator to packing and showed an 
83% increase in production. Lastly, the third alternative considered an adaptation of 
the system’s layout and with only 46% capacity increase, proved to be better when 
considering the necessary investment. Lastly, the third alternative proposed layout 
changes to the system that increased the production capacity by 46%. Nevertheless, 
this last scenario proves to be better when considering the necessary investment.
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1  Introduction

In today’s modern era, companies seek to improve their efficiency in order to 
achieve a competitive advantage in a fast-changing market. To this purpose, Lean 
Thinking, Information Technologies (IT), Simulation, and other Industry 4.0 tech-
nologies have been applied to several sectors within companies as tools to improve 
their performance, eliminating non-added value activities and improving the pro-
cess workflow [1].

Simulation is a key factor in Industry 4.0 [1], and when used in a company’s 
context allows to evaluate the system’s performance and can be of great help in 
making better and more supported decisions [2]. The elaboration of the current state 
model requires a thorough analysis and a comprehensive understanding of a com-
pany’s processes, making it possible to identify wastes and improvement opportuni-
ties. Simulating different scenarios of new or improved processes is a cheap way of 
testing changes without implementing them in the real environment, leading to low 
investments [3].

Organizations have sought to use this method aimed to reach an agile, fast, and 
flexible production [4], reducing time and costs without compromising product 
quality. Furthermore, an investment in innovation, development, and improvement 
should be done to prevent eventual market fluctuation, deliver higher value to cus-
tomers, and speed up the response time.

Considering all this, this paper aimed to simulate a porcelain baseboards produc-
tion line, studying a possible change to the process that may improve the line capac-
ity, in order to support the top management to make decisions without a great 
investment or interfering with the production.

This paper is structured in four sections, starting with an introduction followed 
by a theoretical background regarding simulation. Afterward, the case study is pre-
sented, including a brief contextualization, explanation of the methodology fol-
lowed, and the exposure of results obtained with the simulation of the current state 
and proposed scenarios of the process. Lastly, it presents the conclusion that sums 
up the relevant aspects and limitations of the case study and proposes future work.

2  Literature Review

Simulation is a very powerful problem-solving methodology that mimics a real – 
world system in order to better comprehend its functioning, detect and analyze 
problems, test alternatives, and aid in decision making [5]. It can be applied in a 
variety of fields such as health systems, military systems, public services, and man-
ufacturing and material handling applications [6]. In the manufacturing context, 
simulation is often used to assess the ideal number and type of machinery in a sys-
tem, plan the production schedule, and perform a bottleneck analysis [7].

I. S. Ferreira and A. L. F. A. Ramos



295

A successful simulation should have great concern with the formulation of the 
problem, the choice of the simulation software, the collection of data and logic of 
the system, and should consider reasonable randomness to the model as well as 
proper statistical interpretation of the output [8].

Some of the benefits of the application of simulation include the comparison of 
alternative system designs, to explore diverse possibilities and test “what if” sce-
narios [6, 9], the investigation of real  – world systems that cannot be evaluated 
analytically by a mathematical model [10], and the study of systems in compressed 
or expanded time [6, 10]. Furthermore, simulation allows to estimate the perfor-
mance of a system under specific conditions and identify problems and constraints 
within the system [6, 10]. Additionally, it tests and prepares changes without invest-
ing resources, making it possible not only to alter the plan without great expenses 
but also to investigate alternative procedures without disrupting the system’s opera-
tions, thus leading to wise investments [6, 9]. Moreover, simulation makes clearer 
and understandable the reason behind certain phenomena, taking a closer look into 
the system [6], and the use of Operator Training Simulators (OTSs) provides 
reduced training costs for a new workforce [7].

However, simulation can have some limitations regarding the time consumed for 
collecting data [9], the special training needed to develop the model, and the poten-
tial difficulty to interpret the results [6]. Some of the pitfalls found by [10] are the 
misunderstanding of simulation by management, an inappropriate level of detail in 
the model, the collection of insufficient or inadequate data, the use of wrong perfor-
mance metrics, a single replication run of the system to obtain results, and the mis-
use of animation.

Currently, in the manufacturing context, companies usually apply simulation 
software products instead of general – purpose programming language, taking con-
cern mostly with the modeling flexibility and the usage easiness [7]. One of the 
most commonly used simulation software is Arena, developed by Rockwell 
Automation, which uses the discrete event method for most simulation efforts, and 
is the fastest simulation tool available [11].

One of the many reasons to resort to simulation tools is the pursuit for higher 
productivity and production capacity has been one of the many applications of sim-
ulation tools. This field has been widely explored in last years and is commonly 
sought by companies. Therefore, Table 1 presents a summary of the work devel-
oped in [12–15] and the results obtained.

In most cases, a simulation study follows the steps defined by [16], illustrated 
in Fig. 1.

The structure and summary of each step consist of:

 1. Formulate the problem and plan the study: In this first stage, top management 
should define the problem to address and organize meetings with the project 
manager, simulation specialists, and Subject Matter Experts (SMEs) to plan the 
study. Topics such as the project’s objectives, specific aspects, boundaries and 
domain of the study, system’s performance indicators, resources necessary, and 
configuration of the system, should be defined [8, 10].
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Table 1 Case studies summary

Case study Summary

Gujarathi N., 
Ogale R., Gupta 
T. (2004)

This case study presents the application of a simulation study in a shock 
absorber assembly line. The proposed layout changes have increased the 
production capacity from 1,000 to 1,435 shock absorbers per day

Abed, S. (2008) This case study applied the Arena Simulation tool to identify bottlenecks in a 
rusk production line and increase the production rate. Seven different 
scenarios were consecutively drawn to search for a good feasible solution. 
The changes resolved all bottlenecks, resulting in an increase of about 50% in 
production and a decrease of 11.4% in average total production time for a 
box of rusk

Talapatra, S., 
Tarannum, R., 
Shefa, J (2018)

This paper applied a simulation study and a statistical analysis with Excel to 
find the bottleneck in a bottle production line and rectify it to improve 
productivity. Several scenarios were formulated, but the addition of a 
semi-automated cap sealing machine in lieu of the manual operation in the 
workstation resulted in a reduction of 14.11% waiting time and an increase of 
4% productivity

Nadir, U., Habib, 
T., Khattak, S., 
Noor, I. (2020)

A tile production facility was simulated using Simio software to study the 
current production process and analyze the cycle time, throughput, work in 
process, inventory, and production rate of tiles

Fig. 1 Steps of a simulation study. (Adapted from Law et al. [16])

 2. Collect data and define a conceptual model: Information related to the control 
logic of the system and operational procedures should be collected [8], and the 
parameters and probabilistic distribution of the process should be specified. The 
collected data should be grouped in a conceptual model with the assumptions, 
and mathematical and logical relations to produce a real system abstraction [10].

 3. Is the assumptions document valid: Additionally, it’s essential to measure the 
system’s performance to be able to validate the conceptual model generated, 
making sure all the assumptions are correct, every intervenient is involved and, 
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if later, it won’t be necessary to reprogram the model [10]. The model must be 
adjusted and redesigned until it proves to be valid [8].

 4. Construct a computer program and verify: The valid conceptual model is trans-
formed by a computer program into an operational model. To this purpose, a 
general  – purpose programming language or simulation software is chosen, 
having a great impact on the simulation’s success. Verification of the opera-
tional model (debug) must be included in this step [8, 10].

 5. Make pilot runs: Execute pilot runs to determine if the model reflects correctly 
and accurately the analyzed system and evaluate the changes triggered by the 
abstractions and simplifications of the model [8].

 6. Is the programmed model valid: The pilot runs serve to test if the programmed 
model is valid, leading to its redesign if proven not to be. The model results 
must be analyzed by the SMEs and simulation analysts and considered appro-
priate according to the simulation’s objectives, for the model to be considered 
valid [8].

 7. Design experiments: In this phase is established the length of each simulation 
run, the length of the warm-up period (if used), and the number of independent 
simulation runs. Different experiments are normally designed, reflecting differ-
ent scenarios that vary in their logic or input data [8, 10].

 8. Make production runs: The production runs are made with the parameters 
established for each experiment and will mimic the functioning of the system in 
each scenario designed. Each production run will use a different set of random 
values, resulting in unique output data that must be analyzed [8].

 9. Analyze output data: The execution of the model originates output data that 
allows to evaluate the performance metrics defined for a system configuration 
and compare different alternatives between them. With the results obtained, the 
analyst can choose to make more production runs or additional scenarios 
[8, 10].

 10. Document, present, and use results: The assumptions, software, and results of 
the study must be documented for future use, to facilitate its comprehension, 
communication with management, and aid in decision-making. For this pur-
pose, animation is used to allow a better understanding of the model for people 
not familiarized with its details. The documentation will allow a review of the 
models and their parameters, provide credibility to the models developed, and 
facilitate and support the implementation of the chosen solutions [8, 10].

3  Case Study

The study focuses on the simulation of a ceramic baseboards production line at the 
transformation sector of a Portuguese ceramic company which produces porcelain 
tiles. The company produces a large variety of tiles, with different formats and sizes, 
currently having an overall installed capacity of 10,000,000 m2 per year and employ-
ing more than 700 employees.
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3.1  Problem Contextualization and Objectives

The study was carried out in a porcelain baseboards production line, which trans-
forms porcelain tiles into baseboards through cutting and jiggling. The line is sup-
plied with tiles produced within the company and is very flexible, being adaptable 
to transform tiles with different formats, lengths, and widths.

The transformation sector of the company has a production line that transforms 
ceramic tiles into baseboards, having a lower capacity than the market’s demand. 
Therefore, the company showed interest to study alternatives to expand the line and 
increase production. Since the machinery to assemble an entirely new line repre-
sents a big investment, other alternatives to optimize the efficiency of the process 
with lower costs were also studied. Furthermore, the labor force associated with this 
process is poorly balanced, and the processing capacity is limited not by the velocity 
of the processing, but the whole system is adjusted to the capacity of the operator 
responsible for packing. On this note, relieving the operator would allow a faster 
machinery’s velocity and an increase in the production capacity.

Thus, the objective of this study was to model the current process and appraise 
the possibility of expansion of the process, by adding a new operator, changing the 
system’s layout, or adding a new parallel production line. Additionally, the study 
aimed to evaluate the results of such changes in comparison with the necessary 
investments, concluding on the impact of the presented alternatives.

3.2  Methodology

In order to achieve the study’s objectives, the simulation conducted and presented in 
this paper followed the simulation study steps developed by [16], described previ-
ously. Information to prepare the simulation study was collected with the collabora-
tion of the responsible for the transformation section, which is considered an 
SME. Afterward, data was collected from production documentation on the shop 
floor through direct observation and informal interviews with workers, revealing 
information about the layout of the system, the dislocations of operators, the veloc-
ity of conveyors, distances between machinery, and measuring processing and 
transportation times and input of material. This resulted in the construction of a 
conceptual model that proved to be valid, permitting the construction of the comput-
erized simulation of the current state, using Arena 16.10 developed by Rockwell 
Software. After the operational model was verified and debugged, pilot runs of 
30  min were done to evaluate if the model accurately represented the system. 
Because the results matched real production values and demonstrated a correct rep-
resentation of reality, the model was considered valid, and experiments of the cur-
rent state and three alternative scenarios were designed. These changes considered 
the addition of a parallel jiggling line, the addition of another operator to perform 
the choosing and packing operations, and the change of the layout. After running the 

I. S. Ferreira and A. L. F. A. Ramos



299

experiments, results regarding production, resources occupation rate, and waiting 
times were obtained and analyzed. In addition, to better comprehend the systems, 
3D animations were designed using Anylogic Software. To conclude, the scenarios 
were compared concerning the production capacity, line balancing, investments, 
and implications, and conclusions about the possible changes in the porcelain base-
boards production line were drawn.

3.3  Results and Discussion

The variation of products transformed at the line requires an adjustment on the sys-
tem’s parameters such as the speed and width of the conveyors, the amount and 
speed of input supplied to the system, and the packaging method. These alterations 
are done by a tuner at the beginning of the process that settled the machinery speed 
to the established parameters, according to the type of production. Therefore, the 
study considered a warm-up period of 30 min to stabilize the production, and the 
parameters were settled for a continuous production phase. Because this line works 
shifts of 8 h, the study considered five replications with an 8 h length for each sce-
nario studied.

The production line in study is almost fully automated, requiring only the assis-
tance of operators in the supplying of the system and in the choosing and packing 
operations. The transformation process of tiles is conducted by machinery along the 
conveyor, not involving workforce. The production is limited not by the processing 
velocity of machinery and conveyors, but by the work capacity of the operators, 
being of interest to analyze changes to the system that can better balance the 
employees’ operations.

For the development of the study, information was collected for the stabilized 
process in normal conditions during an afternoon. Additionally, both the operators 
and the tuner and the sector responsible were interviewed, because as SMEs, they 
have a deeper knowledge of the system. For the analysis, the performance indicators 
of interest defined were the resources occupation rate, cycle time, number of base-
boards rejected, number of finished boxes produced, and waiting time in the choos-
ing and packing operations.

3.3.1  Current Situation

Currently, in the baseboard production studied, porcelain tiles in the format 
97 × 597 cm are supplied to the system by a supplier machine that has a capacity to 
hold up to 40 pieces. Operator 1 is responsible for moving the material from the 
pallet, unpacking the tiles, and placing them in the supplier machine, which con-
stantly releases 1 tile every 18 s. The tile then enters a conveyor settled at 2.05 m per 
minute until it arrives at the cutting machine, where the material is cut breadthways 
in 3 baseboards by 2 blades while moving on the conveyor. The pieces are then 
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separated, entering one at a time in a second conveyor settled at 6.15 m per minute, 
which leads to a first jiggle machine, responsible for smoothing one of the sides of 
the baseboard. The piece then moves to another jiggle machine that smooths the 
other side of the baseboard. These processes occur while the piece is being trans-
ported on the second conveyor, that ultimately leads to the choosing station, where 
a second operator is responsible to assess the quality of the tiles, put aside any dam-
aged baseboard, pack sets of 20 pieces, and put them in a pallet, to be transported.

The production documentation showed that an average of 10% of the baseboards 
produced from this format have flaws, so only 90% of the pieces that arrive at the 
choosing station were effectively packed. The operator normally assessed five 
pieces at a time, taking on average 21.5 s. This reflected in a constant of 4.3 s per 
piece in the conceptual system due to the consistency of the task. The packaging 
process, because it depends on the packaging and pallet location, can vary, and was 
described for a triangular distribution: TRIA (15, 30, 60), based on the values regis-
tered in 30 measurements taken over an afternoon. Operator 1 normally adds to the 
supply machine 10 tiles at a time, taking on average 45 s to unpack and place it in 
the proper location, described by a constant in the model due to its minimal variation.

After developing the conceptual model, by measuring the operation time of the 
workers, gathering information on distances and velocities, and comprehending the 
system’s dynamic on the shop floor, it was possible to design the logical model, 
using Arena. To better comprehend this model, Fig. 2 represents the 3D animation 
of the described system.

The results of this simulation for the performance indicators measured regarding 
resources occupancy, production, and time are presented in Tables 2, 3, and 4, 
respectively.

From the occupancy of the resources, it was concluded that Operator 2 can be 
considered the bottleneck of the system, since the velocity of the supply machine 
can be speeded up, as well as the remaining machinery. On the other hand, it was 
also possible to perceive that Operator 1 has high idle time, which shows an unbal-
anced work distribution. However, it is important to mention that Operator 1 is also 
responsible for transporting pallets with tiles and finished products in and out of the 
line, which may occupy at most 25% of his time.

The simulation also showed an average accepted production of 4036.00 ± 20.77 
baseboards per 8  h-shift, and an average rejected production of 458.40  ±  13.30 

Operator 1 

Supplier 

Machine 
Cutting 

Machine 

Jiggle 

Machine 1 
Jiggle 

Machine 2 

Operator 2 

Fig. 2 3D animation of the AS-IS model of the system using Anylogic
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Table 2 Current resources occupancy (%)

Resource Occupancy

Supplier machine 100.00% ± 0.00%
Cutting machine 97.59% ± 0.00%
Jiggle machine 1 96.70% ± 0.00%
Jiggle machine 2 96.70% ± 0.00%
Operator 1 25.00% ± 0.00%
Operator 2 97.87% ± 0.00%

Table 3 Current production (number of pieces)

Average production

N. baseboards OK 4036.00 ± 20.77
N. boxes produced 201.80 ± 1.04
N. baseboards rejected 458.40 ± 13.30
Total baseboard produced 4,494.40

Table 4 Current cycle time and OP2 waiting times (seconds)

Average time (sec.)

Cycle time 6.006 ± 0.000
Waiting time choosing (OP2) 256.524 ± 39.000
Waiting time packing (OP2) 4.714 ± 1.800

baseboards. With a total of 4494.40 baseboards produced in 8 h, the average time 
between pieces manufactured was 6.006 ± 0.000 s.

3.3.2  New Scenario 1: Add Parallel Processing Line

In order to enhance the production capacity, the addition of a parallel processing 
line was studied, even though it was not the only possible solution of interest. This 
scenario considered the implementation of another pair of jiggle machines that 
would treat baseboards in another line, after leaving the cutting machine. Because 
the cutting process triples the number of pieces to address in the remaining pro-
cesses, it needs to have a lower processing velocity than the following, however, by 
associating a new jiggle line, the cutting velocity could increase. This said, the alter-
native model considered that a supply machine delivers a tile every 9 s into a con-
veyor with a velocity of 4.1 m per minute, that conducts the material to the cutting 
machine. After cut, the baseboards are separated with a probability of 50% into two 
conveyors, that have a velocity of 6.15 m per minute. Each conveyor leads to one 
line of jiggle with 2 jiggle machines, and one choosing station in the end. The new 
choosing station included an additional operator associated, doing identical work to 
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Table 5 Alternative 1 resources occupancy (%)

Resource Occupancy

Supplier machine 100.00% ± 0.00%
Cutting machine 97.59% ± 0.00%
Jiggle machine 1 – L1 95.87% ± 0.00%
Jiggle machine 2 – L1 95.87% ± 0.00%
Jiggle machine 3 – L2 97.48% ± 0.00%
Jiggle machine 4 – L2 97.48% ± 0.00%
Operator 1 50.01% ± 0.00%
Operator 2 (L1) 92.20% ± 0.00%
Operator 3 (L2) 93.70% ± 0.00%

Fig. 3 3D animation of the TO-BE model of alternative 1 using Anylogic

Operator 2. To better understand the proposed model, Fig. 3 shows a 3D animation 
of the presented system.

The results obtained in this scenario are shown in Tables 5, 6, and 7, representing 
a 109% production increase when compared with the current scenario, with an aver-
age of 9387.8 baseboards produced per shift.

These results show an average accepted production of 8464.00 ± 32.37 base-
boards, and an average rejected production of 923.80 ± 29.20 baseboards, in an 8 h 
simulation. Additionally, the average time between pieces manufactured was 
3.003  ±  0.000  s, reducing 50% compared with the current system. Despite the 
increased production, this alternative required a very high investment that might not 
be viable for the company, being therefore relevant to study other alternatives for 
the problem, such as alternatives 2 and 3 presented below, before making an 
investment.

3.3.3  New Scenario 2: Add an Operator to Packing

Since the bottleneck of the system was the packing and choosing processes, per-
formed by Operator 2, a possible way to increase production was simply the addi-
tion of another operator to perform the same tasks. Distribution of the checking and 
packing activities for 2 Operators would allow to speed the velocity of the convey-
ors and diminish the processing and transportation times, increasing production. 
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Table 6 Alternative 1 production (number of pieces)

Average production

N. baseboards OK 8464.00 ± 32.37
N. boxes produced 423.20 ± 1.62
N. baseboards rejected 923.80 ± 29.20
Total baseboard produced 9387.80

Table 7 Alternative 1 cycle time and OP2 and OP3 waiting times (seconds)

Average time (sec.)

Cycle time 3.003 ± 0.000
Waiting time choosing (OP2) 10.620 ± 0.600
Waiting time packing (OP2) 0.254 ± 0.000
Waiting time choosing (OP3) 10.908 ± 0.000
Waiting time packing (OP3) 0.277 ± 0.000

Table 8 Alternative 2 resources occupancy (%)

Resource Occupancy

Supplier machine 100.00% ± 0.00%
Cutting machine 97.57% ± 0.00%
Jiggle machine 1 96.88% ± 0.00%
Jiggle machine 2 96.88% ± 0.00%
Operator 1 44.01% ± 0.00%
Operator 2 83.16% ± 2.00%
Operator 3 84.70% ± 1.00%

However, by speeding the velocity of the conveyors and the machines processing 
over 50%, the quality of the pieces would be affected. Additionally, the need to sup-
ply more tiles to the system diminished the idle time of Operator 1, making the 
system more profitable.

For the design of this alternative, the speed of the first conveyor, that carries the 
uncut tile to the cutting machine, was changed to 3.59 m per minute, and the speed 
of the other conveyors that transport the baseboards until the choosing station were 
changed to 10.76 m per minute, both increasing 75%. Also, the frequency of supply 
by the machine changed to 10.28 s between tiles. From the SME’s perspective, it 
was estimated that these changes lead to a decrease of pieces’ quality, being accepted 
only 82% of the pieces. In Tables 8, 9, and 10, the results obtained in the presented 
scenario regarding the resources occupancy, the waiting time for choosing and 
packing operations, the cycle time, and the output obtained from the system 
are given.

The simulation revealed an average accepted production of 6744.00  ±  32.37 
baseboards per shift, and an average rejected production of 1480.00 ± 39.68 base-
boards. This scenario led to a total of 4494.40 baseboards produced in 8 h, and cycle 
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Table 9 Alternative 2 production (number of pieces)

Average production

N. baseboards OK 6744.00 ± 32.37
N. boxes produced 337.20 ± 1.62
N. baseboards rejected: 1480.00 ± 39.68
Total baseboard produced 8224.00

Table 10 Alternative 2 cycle time and OP2 and OP3 waiting times (seconds)

Average time (sec.)

Cycle time 3.429 ± 0.000
Waiting time choosing (OP2) 13.770 ± 1.200
Waiting time packing (OP2) 4.051 ± 1.200
Waiting time choosing (OP3) 14.100 ± 0.600
Waiting time packing (OP3) 4.224 ± 0.600

Fig. 4 3D animation of the TO-BE model of alternative 3 using Anylogic

time reduction of 42.90%, to 3.429 ± 0.000 s. This data shows us that this alternative 
resulted in increased 83% production when compared to the current state, involving, 
however, the investment of an additional operator.

3.3.4  New Scenario 3: Change the System’s Layout

An alternative solution to increase production without an additional operator was to 
redesign the line, so that Operator 1, which had an average occupation rate of around 
25%, could aid Operator 2 in the choosing and packing operations. For this purpose, 
the layout of the line should be rebuilt in a U shape, so that the supply point could 
be near the choosing station, for Operator 1 to work on both sides, as shown in Fig. 4.

This balance of resources allowed speeding up 40% the line velocity, making the 
supply machine deliver a tile every 12.86 s and speed up the conveyors’ velocity to 
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Table 11 Alternative 3 resources occupancy (%)

Resource Occupancy

Supplier machine 100.00% ± 0.00%
Cutting machine 97.53% ± 0.00%
Jiggle machine 1 96.55% ± 0.00%
Jiggle machine 2 96.,55% ± 0.,00%
Operator 1 82.64% ± 0.00%
Operator 2 82.62% ± 0.00%

Table 12 Alternative 3 production (number of pieces)

Average production

N. baseboards OK 5912.00 ± 22.21
N. boxes produced 295.60 ± 1.11
N. baseboards rejected: 657.80 ± 18.94
Total baseboard produced 6569.80

Table 13 Alternative 3 cycle time and OP2 and OP1 waiting times (seconds)

Average time (sec.)

Cycle time 4.286 ± 0.000
Waiting time choosing (OP2) 5.646 ± 1.800
Waiting time packing (OP2) 2.913 ± 0.600
Waiting time choosing (OP1) 4.395 ± 1.800
Waiting time packing (OP1) 5.416 ± 1.200
Waiting time manual supply 27.534 ± 0.600

2.87 m per minute, and 8.61 m per minute, for the first and second set, respectively. 
This alternative resulted in a higher baseboard production and operators’ occupa-
tion rate, providing a lower cycle time and reduced waiting times, which is reflected 
in Tables 11, 12, and 13.

From these tables, it was possible to perceive a better balancing of the operators’ 
work; however, the transportation work, which consumed up to 25% of Operator 1’s 
time, would have to be supported by an external source or aided by Operator 2. 
Additionally, this alternative presented some implications concerning the space 
available in the transformation sector and the need for duct under the line that would 
need to be restructured in U shape. These alterations would require some costs 
related to the stoppage of the production during the implementation of the changes.

3.3.5  Scenarios Comparison

After analyzing the current situation of the production line and each of the 3 alterna-
tive scenarios presented, a simultaneous comparison of their summarized results 
was presented in Table 14, showing higher production capacity and lower cycle time 
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Table 14 Scenarios’ results comparison

Scenario

Lead 
time 
(sec.)

Total 
production

N. box 
OK

Production/
operator

Box 
OK/
operator

Increase in 
production Implications

Current 
system

6.006 4494.40 201.80 2247.20 101 – –

Alternative 1 3.003 9387.80 423.20 3129.30 141 109% +1 operator; 
+2 jiggle 
machines; + 
conveyors.

Alternative 2 3.429 8224.00 337.20 2741.30 112 83% + 1 operator; 
− 8% of 
quality pieces

Alternative 3 4.286 6569.80 295.60 3284.90 148 46% Exchange of 
layout

Table 15 Resources occupancy rate comparison

Resource usage (%)
Scenario OP1 OP2 (OP3) Average

Current system 25.00% 97.87% – 61.44%
Alternative 1 50.01% 92.20% 93.70% 78.64%
Alternative 2 44.01% 83.16% 84.70% 70.62%
Alternative 3 82.64% 82.62% – 82.63%

in alternative 1. However, it was also necessary to consider the required investment, 
being specified not only the implications of each scenario, but also an analysis on 
the ratio of the overall production per operator and the number of packed boxes per 
operator. To compare the implications of the different alternatives, a rough estimate 
was calculated, considering an investment of 30,000 euros for the two additional 
jiggle machines and extra conveyors, a fixed cost of around 1,000 euros per month 
for an additional operator and a 1,500 euros investment in the labor and equipment 
necessary to adjust the line’s layout. This allowed to perceive that, although alterna-
tive 3 presented a lower increase in production, it revealed to be the one with higher 
production rate per operator and the lowest costs.

Additionally, an analysis over the average occupancy of the operators and the 
waiting time for their tasks was done, in order to evaluate the line balancing in each 
scenario. From the results presented in Table 15, it was possible to perceive that 
alternative 3 makes better and more efficient use of resources, having a higher aver-
age of occupancy and a more balanced distribution of work between operators.

All in all, alternative 3 showed to be the best scenario presented, being a wise 
investment for the company, because, with minimal costs and no additional 
resources, the production increased 46%. However, if the company desires higher 
throughput, alternative 1 showed the best results, involving however the highest 
investment.
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4  Conclusion

This paper illustrated the role that simulation can have in the evaluation of changes 
in a company’s process and the aid it can be in decision-making. Simulation allows 
to study different scenarios and compare their results, to pursue wise investment and 
more efficient processes.

The presented case study demonstrated that better results do not always imply 
the best scenario, since limitations and consequences of the changes should also be 
considered. The three alternatives presented had the goal to increase a baseboard 
line production, showing different results and different levels of investment. 
Although scenario 1 showed a higher production, with a 109% increase, it also rep-
resented the highest investment. On the other hand, alternative 3, despite showing 
an increase of only 46%, demonstrated to be the most efficient, considering minimal 
investment required.

This analysis and comparison of alternatives will support the top management on 
the choice to expand the production and make it easier to comprehend the results 
and implications of each scenario. Due to the limitation of time in the study, it 
wasn’t possible to explore the production of other formats and sizes in the produc-
tion line in question to fully comprehend the improvements and limitations of the 
proposed changes. However, future work should include a broader study for all 
types of baseboards produced in the line and a detailed analysis of the prices and 
costs associated with the acquisition of additional machinery, the hiring of another 
employee, and the restructuring of the duct under the line.
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Multifunctional Furniture for Tiny 
Houses–Design, Quality, Innovation 
and Sustainability in Advanced Materials

M. J. Félix , G. Santos , J. C. Sá , S. Dias , and M. Saraiva

Abstract The purpose of this paper is to demonstrate the innovative and most 
recent composite technology, developed by the R&D Wood Based Products 
Technology Group. The technology uses a combination of wild thistle (Cynara car-
dunculus) particles and polyurethane foam, proposed for the conception of lighter 
and mechanically resistant furniture, which competes with other existing materials 
on the market and is used in the construction of several types of furniture. Many 
studies point out that tiny houses are a sensible and innovative way of increasing 
urban density and improving affordability.

The main goal of this work is the contribution of knowledge based on the dem-
onstration and application of more conscious choices by design professionals, on 
the selection of advanced materials, and on the design and development of a multi-
functional furniture line that is sustainable and lightweight in the concept of circular 
economy. In the methodology, a theoretical argumentation was carried out, sup-
ported by bibliographical analysis, where the answer to the development of new 
innovative products was studied, which fits in with the trends and desires of our 
society, the research methodologies guide the project and use methods that clarify 
its application.

The result was the development of a line of multifunctional furniture based on an 
innovative material that offers greater lightness in the components, demonstrating it 
to be a viable and beneficial alternative for design projects, opening the way for 
future designers to be more aware of their choices regarding the materials used in 
furniture projects. In conclusion, it was intended to demonstrate the profound chal-
lenges of achieving a successful and sustainable consumer transition and it is hoped 
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that the project will culminate in the design and development strategies of sustain-
able and lighter multifunctional furniture products carried out in partnership with 
industry and in line with the expectations of all those involved in this process.

Keywords Multifunctional Furniture · Advanced Materials · Tiny Houses · 
Sustainability · Significant Experiences

1  Introduction

In the last few years, tiny houses have been promoted as a new eco-friendly solution 
to face the current wastefulness of the housing industry [1]; thus, tiny home life can 
correct the excesses that have occurred and contribute to an increase in conscious 
environmental thinking, encouraging practices that link practicality and contribut-
ing to what has been found to be a positive correlation in more conscious 
consumption.

Living well with less, is the purpose of the architectural and social movement 
Tiny Houses, based on the issue of sustainability of the planet. It is a way of being 
able to live in a small space, but without giving up comfort, and having the oppor-
tunity to contribute to a healthier life. The Tiny Houses are built on top of a trailer, 
allowing them to be mobile and also to be placed in places fenced off from building 
construction.

The big difference compared with a motorhome is that if you enter a motorhome 
you feel like you are inside a car, whereas when you enter a Tiny House you feel like 
you are entering a house, because of the way it is decorated and the well-defined 
spaces, making it a real house in a very reduced space. The only similarity is that 
both forms of housing are on wheels. Another motivation is the increasing number 
of people who have difficulty in obtaining housing; therefore, it seems necessary to 
create a wide range of affordability measures.

The socioeconomic situation has brought with it a number of challenges, such as 
mobility, adaptability and the functionality of structures and systems as we know 
them. People who opt for these Tiny Houses highlight the interest in different attri-
butes as essential factors of choice, including the type of unit and energy label, with 
young, single-person households in urban areas being most likely to occupy these 
dwellings [2].

Commercial prices and increasing urbanisation force people to occupy less 
space, but human needs remain the same. Within this context, we can highlight 
furniture, which is a necessity and not a luxury. Furniture occupies almost 50% of a 
normal area [3] in a house; therefore, living in a small space requires smart and 
space-saving furniture solutions to maintain human well-being. An approach to 
flexible and multifunctional furniture design [4, 5] is important and necessary when 
we talk about small houses. The design of multifunctional furniture responds 
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effectively to the circumstances addressed, and is intended to be easy to manage and 
maintain, universal and sustainable.

The present project arises from the challenge of developing multifunctional fur-
niture for the new concept of the Tiny House that is lighter than the solutions that 
are currently on the market. The proposal starts with the innovative and recent com-
posite technology, developed by the R&D Wood Based Products Technology Group 
of the Polytechnic Institute of Viseu [6], proposed for the design of lighter and 
mechanically resistant furniture, which competes with other existing advanced 
materials in the market, and is used in the construction of various types of furniture. 
This composite is a low-density, naturally based agglomerate (300 kg/m3) that can 
be produced by moulding each piece and manufactured by cold compression of the 
mixture of the thistle and foam particles, fitted into a previously manufactured 
mould [7].

Although multifunctional furniture is usually designed with light advanced 
materials, the intention of this project was to develop quality products that were still 
light, easy to use and easy to transform, avoiding excessive effort when performing 
tasks, with extendable or foldable components.

The main contribution of this paper was the proposed design and development of 
a multifunctional furniture line that was sustainable and lightweight in the concept 
of circular economy and adaptable to the residents’ way of life. The aim of the 
research will also be the contribution of knowledge based on the demonstration and 
application of more conscious choices by design professionals in the selection of 
advanced [8, 9], innovative and environmentally responsible materials for the design 
of furniture for interior spaces.

The result is present in the design and development of a multifunctional furniture 
line based on wild thistle particles and a foam composite, which offer greater light-
ness in the components [10], demonstrating it to be a viable and beneficial alterna-
tive for design projects, paving the way for future designers to be more aware of 
their choices regarding the materials used in furniture projects [11]. This work 
arises from the need to unify in a single project a more sustainable and conscious 
product and contribute to the materialisation of physical, comfortable, harmonious 
and healthy spaces.

Promoting meaning and value, which are fundamental requirements, to activate 
a symbolic relationship with the objects [12], compete with the banalisation brought 
by the familiarity of the object and a useful strategy in a consumer society, stimu-
lated by the designer’s ability to propose lasting solutions that can continuously 
feed the user’s interest.

In conclusion, it was intended to demonstrate the profound challenges of achiev-
ing a successful sustainable consumption transition [13] and it is hoped that the 
project will culminate in the design and development of strategies for more sustain-
able and lighter multifunctional furniture products, which are carried out in partner-
ship with the industry [14] and in line with the expectations of all those involved in 
this process.
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2  Literature Review

The Tiny House is the result of a social and architectural movement that advocates 
a reflection on how to build and live. This movement, which is increasingly com-
mon in the USA, draws attention to the reduction of housing areas, and has, over the 
years, gained supporters from all over the world. They can be built like most houses 
on a permanent base or on wheels, or on a trailer to offer greater mobility. This 
architectural style can vary in type, size and configuration [15].

The Tiny House has comfort features like those of a conventional house [16] and 
is built on the principles of sustainability [17], accessibility and social inclusion 
[18]. The movement has grown based on people’s need to reduce costs [19], sim-
plify their way of life and reduce their environmental impact. It is based on the 
philosophy of living with sustainable and ecological characteristics, advocating the 
quality and simplicity of living with the same comfort as in a traditional house, 
referring to an adaptation of nomadic citizens and presenting new architectural pro-
posals inspired by the idea of micro-housing that has emerged in recent years.

As a strong trend for the future in single-family residential architecture [20], this 
housing concept has an important social role to play. Prefabricated houses became 
a trend owing to the confinement forced by the pandemic. It does not seem to be a 
temporary phenomenon, as questions started to be asked about whether the houses 
meet real needs and a desire emerged to adapt them to the longer time spent inside, 
to having a garden, for example.

From Ikea [21] to the Liten project of the president of Mercadona [22], a 30-m2 
house made of wood, customisable and using an industrialised system that provides 
good insulation, everyone wanted to enter the new boom in the housing market. And 
there is already a brand with Portuguese DNA, turtle houses [23].

Ikea’s, ‘Tiny Home Project’ seeks to promote sustainability through inclusion 
and innovation, thinking about meeting the needs of current generations without 
compromising the needs of future generations. The designers of this tiny home on 
wheels believe that minimalist living in small spaces will take hold in the post- 
pandemic period, with thousands of people leaving cities and sharing flats to find 
their own safe space. Their models are equipped with solar panels and toilets that 
use composting to enable a self-contained existence.

According to Mutter [18], Tiny Houses are proven to have a reduced impact on 
the environment compared with ordinary dwellings, and a vision is shown of these 
dwellings with a focus on the environmental considerations of the movement, refer-
ring to health concerns related to the choice of materials and finishes used in furni-
ture and decorative elements in interior spaces. The study conducted by Rashdan 
and Ashour [24] is aimed at proposing a set of criteria for the selection of sustain-
able design solutions for interior environments. The suggested set of proposals pres-
ents supportive sustainable selection criteria with the intention of better management 
for designers in the processes of research, selection and specification of interior 
finishes applied to fixed and movable structures, in furniture and/or equipment [24]. 
One of the pioneers of design with environmental concerns was Victor Papanek, 
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who saw design as being one of the professions with the greatest potential to affect 
both the natural and human environments [25].

The relationship between sustainability and design [26] is an ongoing process of 
discovery that identifies involvement and recognition by designers, researchers and 
students. Today, many designers already have knowledge, regarding the specific 
properties of the advanced materials [11] they use in their projects.

Furniture plays an important role in the efficiency of a space as a main element 
in interior design. Made of various materials with surfaces in different textures and 
colours, the main sustainable criteria are the materials used in the production pro-
cess and the long-term use of the furniture.

Wood is one of the most widely used materials for furniture production [27]. 
Sustainable furniture is any type of furniture manufactured with production pro-
cesses that have little or no impact on the environment. The concept of sustainability 
covers not only production factors but also other factors such as the extraction of 
raw materials, the way furniture is transported and its usefulness. The sustainability 
of homes is reflected in meeting energy and efficiency standards or providing energy 
from renewable sources as well as through the materials used in furniture [28].

Flexible furniture in comparison with conventional furniture has less mechanical 
resistance owing to the number of times it is manipulated daily when changing 
environments, which leads to more wear and less durability of the accessories and 
systems connecting components. Thus, products that require greater resistance 
emphasise the functional aspect more than the aesthetic aspect. Furniture for the 
flexible use of space is that which has multiple functions related to space manage-
ment achieved through strategies. These strategies allow the compactness of the 
form and through solutions secondary functions for the same product to be achieved.

In recent years, there has been a progressive trend in the housing market with 
increasingly compact and adaptable spaces. The growing development of this new 
reality captures the attention of professionals, increasing the challenge for architects 
and designers to develop [29] compact and multifunctional solutions in design that 
make living and working spaces compatible.

Based on the type of project it is important to select the material according to the 
particularities of the function because each function has specific needs [27], as well 
as the promotion of materials easily available in the region, which contributes to the 
reduction of the overall price of projects.

Owing to the large quantities of forest residues and residues from the wood pro-
cessing industries, the interest of different types of industries in polymeric compos-
ite materials using this plant biomass as reinforcement in polymeric matrices has 
been increasing [30] and the furniture industry is an example of this interest.

Wood composites result in products with more dominant properties than other 
materials. They incorporate lightness, flexibility and durability, acquiring increas-
ingly improved mechanical behaviour, good resistance to performance, low cost, 
they are easy to recycle and have a great aesthetic aspect and texture. These are 
materials that allow a greater exploration of shapes, curves and details, as they are 
easily adaptable to production processes [31] and also allow the possibility of 
obtaining tailor-made products.
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Researchers from the R&D Wood Based Products Technology Group, an applied 
research group in innovative technology for processing wood-based materials that 
has been developing solutions for the wood composites industry for over 20 years 
and is based at the Polytechnic Institute of Viseu, through the Lightwood project, 
aimed to leverage the R&D results obtained in the LightFillers (QREN), project, 
which was aimed at producing low-density particles and incorporating them into 
low-density wood composite panels for application in the automotive and furniture 
industries. This project allowed the development of a lightweight wood-based com-
posite panel based on the combination of wild thistle (Cynara cardunculus) parti-
cles and polyurethane (PU) foam [32].

The raw material (wild thistle) tested in the context of Lightwood consists of an 
unused agro-forestry residue, which is found in the region of “Serra da Estrela” in 
the central part of Portugal. Only the fluorescent flower part of the plant is used in 
the region for cheese production; its stem is not reused in other production areas.

The bush has beneficial characteristics: it is light and easy to work with. This 
new wood composite technology, is nationally patented [32]. (PPP 115374, Low 
density polyurethane wood composites and their manufacturing method). The 
inventors of this composite have observed that the use of PU foam represents a sig-
nificant portion of the composite of synthetic origin and propose its subsequent 
replacement by a binder system entirely of biological origin.

Inserted into the concept of circular economy, this new composite is a natural- 
based agglomerate of low density (300 kg/m3). It is possible to be produce it by 
moulding, it can be shaped, and each piece can be manufactured by the process of 
cold pressing of the mixture of cardboard particles with the foam, adjusted to a 
previously manufactured mould. This new technology of wood composites demon-
strates technical viability of the application in furniture, to the producers of wood 
derivatives and manufacturers of furniture, in order to expand the competitiveness 
of the companies [7]. This will facilitate the combination of other materials, such as 
other woods, wood by-products and accessory materials (metals, glass, compo-
nents, etc.)

The Tiny House achieves the maximum use of practical and functional interior 
space and manages to be fully customisable according to the inhabitant, generically 
consisting of a single room, with or without attic waters (loft), which combines liv-
ing room, bedroom and kitchen to maximise space. In the interior design multifunc-
tional furniture, such as convertible, folding furniture and smart storage solutions, is 
incorporated [19].

However, it is our intention in this project to look at other fundamental aspects 
for the harmony and sensibility of the users, in this case the meaning and value as 
stimuli for the design of meaningful experiences [12]. These are fundamental 
requirements for activating a symbolic relationship with the objects, qualities that 
come both from the level of commitment assumed by the person during the interac-
tive communication process and from the durability of the solutions proposed by the 
designer, competing with the banalisation brought about by the familiarity of the 
object, a useful strategy in a consumer society.
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In this context, it is up to the designer to propose lasting solutions that can con-
tinuously feed the user’s interest. We live in a big cage that is an open space where 
everything is the same, the houses, the times of life, the entertainment, the activities, 
and the differences are only apparent.

We are individual beings; we need to live in consonance with the way we see the 
world, seeking meaningful experiences adjusted to our options.

Considering the current context as a society that is increasingly global and 
diverse, but that is also paradoxically proving to be lonelier and emptier, the way in 
which our society has been structured, based on an offer of products for a public 
eager to participate in their consumption, has led to increased expectations of find-
ing new emotional levels of often immediate experiences [12]. The sense of famil-
iarity is a very useful factor for the current economic model, it is in its interest that 
a certain trend quickly becomes tedious to awaken a new desire in the consumer.

3  Methodology

In order to carry out the present work, which is based on an Polytechnic Institute of 
Cávado and Ave master’s degree study, it was necessary to collect information from 
the applied research group in Innovative Wood Derivative Processing Technology of 
the Wood Engineering Department (DEMad) of the School of Technology and 
Management, Polytechnic Institute of Viseu, and a theoretical basis and biblio-
graphic analysis, which was based on bibliographic collection and analysis as a 
reliable documental support, through which the tiny house, the design and develop-
ment of multifunctional and composite wood and polyurethane furniture, sustain-
ability and meaningful experiences were studied and systematised. A content 
analysis was carried out, based on primary information-gathering instruments, 
which consisted of information gathering and clarifications in the research labora-
tory for the development of the new material, direct observation of phenomena and 
articles, among others.

As secondary sources, books, scientific articles, news articles, theses and disser-
tations were consulted. All these instruments resulted in an analysis and treatment 
of the vast literature review and the information collected. This was followed by the 
definition of a research gap that led us to the investigation that gave rise to this work 
and the deduction of the hypothesis pointed out, which bridges the gap between 
theoretical and empirical constituents. Based on the interventionist methodology, an 
active investigation of furniture products was transversally developed with the inter-
vention of the researcher using an information source that allowed the evolution of 
research on furniture made of wood composite materials to be documented.

This analytical model was supported; the whole development process was deci-
sive for the consolidation of the questions and hypotheses related to the construction 
of multifunctional furniture lighter than that already on the market. Therefore, the 
non-interventionist methodology is continued using different documentation 
sources (written and non-written), outlining methods of data collection from 
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documentary research, with brief expositions of the main authors’ reflections 
approached reaching the study object.

Some conclusions were reached through the synthesis and analysis of the infor-
mation obtained that originated strategic reflections that could be useful in the 
development of research in this area.

4  Results

A multifunctional furniture project was developed, to make it possible to obtain 
furniture models for data comparison, with quantifiable results, through a practice 
of weighing prototypes previously selected, built in two different raw materials, 
classified as low-density materials, with the purpose of obtaining valid and reliable 
results for analysis and scientific knowledge.

With the application of this method in the data measurement, what was intended 
was to confirm a greater lightness in multifunctional furniture pieces and to ascer-
tain the validation of the new wood composite material, as a viable and beneficial 
alternative for this kind of project against the existing materials used on the market 
in interior design projects for the Tiny House.

For the implementation and testing phase a piece of furniture was chosen to pro-
totype with the real materials chosen for the project. The test requires the choice of 
another material for comparison of results. It is important to stress that the materials 
being compared have the same characteristics with regard to density for the reli-
ability of the results. They fall into the category of lightweight materials.

In order to carry out the weighing test and obtain credible and reliable results, a 
second material was chosen for comparison of density between the specimens (cube 
module).

The material selected for the comparison of results with the lightweight compos-
ite chip-board panel, based on the combination of wild thistle particles and polyure-
thane (PU) foam, was the poplar plywood. This material is a wood derivative 
obtained by gluing adjacent layers with crossed wires, at right angles, with faces in 
uncoiled wood, entirely made of poplar, which is characterised by its lightness, 
dimensional stability, quality and ease of machining. The choice of plywood is 
based on its use in the construction of multifunctional furniture owing to its physical 
and mechanical characteristics. The purpose of the weighing test is to develop an 
experiment to prove that the cube module constructed in Lightwood can weigh less 
than the cube module constructed in poplar plywood. The piece of furniture selected 
for the test was the cube module. This cube module in the project is a multifunc-
tional, removable and transportable or movable (on wheels) piece of furniture 
(Figs. 1 and 2). The reason why this piece of furniture in particular was chosen for 
the prototype is the dimensional limitation (maximum length–2 m) in the process of 
manually manufacturing panels in Lightwood.

The results show that Cube 2, which was constructed entirely of Lightwood, is 
lighter than Cube 1. Thus Cube 2 weighs 1257.7 g less than Cube 1.
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Fig. 1 Cube weighing cube 1 made of poplar wood plywood

Fig. 2 Cube weighing cube 2 made of Lightwood

From these results we can observe that changing the material in one component 
of the cube module significantly decreases the weight of the piece of furniture. In 
this study we observed through the weighing values a greater lightness in the 
Lightwood material and less lightness in the poplar plywood. The thistle Lightwood 
will attribute more lightness to the multifunctional furniture than most materials on 
the market. In this way it proves to be valid for the materialisation of the project. 
These results derive from the physical properties that compose the materials chosen 
for its construction.

From this study other (secondary) conclusions were drawn: the Lightwood mate-
rial is shown to be valid for the materialisation of the project, but it cannot be used 
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structurally owing to its weak resistance to compression; it does not offer great 
adherence to the application of fittings; but it does offer aesthetic advantages. 
Throughout the process of construction, assembly and use/handling of the two mod-
ules, mainly the cube 2 module, this study became important in reformulating the 
application of the materials in the project.

The furniture line consists of a set of multifunctional pieces of furniture, sustain-
able in the concept of circular economy and adaptable to the resident’s way of life. 
The furniture was designed to be integrated into the interior of the Tiny House, but 
it can also be adapted to other types of compact environments, and makes the most 
of the space available, without having to sacrifice functionality and aesthetics. This 
new furniture line provides a layout solution for sleeping, living, cooking and office 
areas. The collection is composed of an eight-piece (Fig. 3) cube module, drawer 
block, kitchen furniture, laundry furniture, console furniture, bookcase, bed furni-
ture and sofa. The cube module is versatile because it can incorporate several types 
of furniture; it can be used as a stool, a suspended shelf and a bookcase with wheels 
(mobile) or without wheels (transportable on your lap). The block of drawers is a 
piece that fits into different environments; it can be an auxiliary piece of furniture in 
the kitchen, a support in the dining area or a nightstand in the bedroom.

The kitchen units with sliding doors contribute to practicality and saving space, 
giving the small area a greater sense of space. The top unit can be a versatile shelf 
or a closed cupboard when combined with a cube unit and the corner unit has a 
double function: to store a removable waste bin or storage unit. The auxiliary 

Fig. 3 Poster presenting the multifunctional furniture line, developed by the authors
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laundry unit can be used as a pantry unit, ironing board or side table and as storage 
in high cupboards to save space. The multi-purpose console unit simultaneously 
groups together three units: a wine cellar, a glass case and a coat rack.

The bookcase unit with a built-in table contributes to saving space, making it 
quicker and more convenient to change environments for work, meals and social 
activities. The retractable bed, hidden between cupboards, incorporates wardrobe 
and shoe rack functions. It allows the environment to be changed without the need 
to move furniture and frees up more space in the room. The multifaceted movable 
sofa encases three double function stools, can transfigure a coffee table or stool, or 
couples a swivel coffee table with an open compartment arm.

5  Conclusion

The results obtained in this research can be translated into the development of a 
viable project to be produced in an industrial context.

After the literature review, it was possible to develop a proposal of multifunc-
tional furniture with the application of the new material Lightwood thistle, which is 
expected to be part of a contribution to the innovation of the wood and furniture 
industries, as an innovative solution and an alternative to what is available on 
the market.

We can conclude that the furniture pieces entirely made of the Lightwood com-
posite are lighter than other pieces made of light wood composites, in this case, the 
poplar plywood.

In this way, it is possible to affirm that the Lightwood material provides more 
lightness to multifunctional furniture than most currently used materials on the mar-
ket, Lightwood being the one that presents the lowest density of all the materials 
presented in the study.

The construction of the prototypes allowed the observation of phenomena in 
order to gather conditions to make decisions regarding the application of the 
material.

The present project intended to make the best use of the Lightwood material, of 
the aesthetic advantages of the material, to apply the material in components free of 
hardware application and not to apply it in components with large dimensions sub-
ject to compression forces. It is important to mention that the future of this project 
is to continue to investigate and deepen it, through the realisation of more proto-
types that will prove the project viability.
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Angolan Cement Industry: Marketing 
Channel and Distribution Channel 
Strategies
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Abstract The Angolan Cement Industry (ACI) operates in a market economy that 
requires it to formulate appropriate strategies to better overcome market challenges. 
The problem of distribution has assumed great importance, both as a decisive ele-
ment of the context and as a factor for cost reduction and profitability recovery. 
Thus, the objective of this paper is to identify marketing channels and distribution 
channels strategies that are appropriate for the Angolan market context, to make the 
cement supply process in the Angolan market more efficient and effective. This 
research focused on a qualitative approach, based on a literature review and applica-
tion of the Delphi technique (applied in 2021). To this end, a survey was developed 
and applied to identify respondents’ perceptions of which distribution strategies and 
marketing channels suit the Angolan Cement Market context. As a result, market 
expansion, diversification, and the installation of distribution centers, as well as the 
direct channel and the multiple channel marketing were identified as the strategies 
and channels that best suit the context of the Angolan Cement Market.
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Industry
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1  Introduction

Knowledge about marketing channels and distribution channels strategies is an 
indispensable tool to overcome product distribution problems, because the decision- 
making regarding the allocation of goods and services requires knowing the market 
in which companies operate or intend to operate. ACI’s installed production capacity 
is 8.6 million tons/year and, in 2015, the consumption was close to 6 million tons/
year [1]. In 2016, the problem of cement distribution in the Angolan market resur-
faced, worsening until today causing a drastic production fall. Currently, the produc-
tion of ACI is 30% of its installed production capacity and consumption has 
decreased to almost two million tons/year, while in 2015, its production was 70% of 
ts total capacity [2].

One of the main decisions related to distribution is the choice of the distribution 
channel [3]. By analyzing the integration of distribution channels [4], it was noted 
that today’s market competition has become aggressive and the distribution chan-
nels are key for companies to remain competitive. In the same vein [5], sought to 
understand how distribution channels influence the position and performance of 
companies in markets in a context of global change, raising the following starting 
question: how should companies develop their distribution channels strategies in 
national and international markets to meet customer expectations and respond 
appropriately to global competition?

There are several articles on marketing channels and distribution channel strate-
gies, but none of them address their implementation in the cement industry (CI) 
supply chain (SC). Thus, the existence of sparse literature signals a deficit that 
somewhat hinders the understanding of the problem. Nevertheless, this kind of gap 
has led [6] to acknowledge that there are still contributions that could be made to CI 
management. The current state of ACI is worrisome. Given its socioeconomic char-
acter, the following research question that guides this research was raised: which 
marketing channels and distribution channel strategies best suit the context of the 
Angolan cement market?

This article is organized into five sections. Section 1 presents the nature of the 
problem, the research question, and the justification of the need for the research to 
be carried out. Section 2 presents the literature review. Section 3 presents the 
research methodology. Section 4 presents the results of the first round of the Delphi 
study, and finally, Sect. 5 presents the final considerations.
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2  Literature Review

2.1  Marketing Channels

A distribution channel consists of producers, distributors, retailers, resellers, and 
consumers linked by the exchange process. The greater the number of intermediar-
ies in the process/the longer the channel, the higher the price of the product for the 
final consumer [7].

2.1.1  Direct and Indirect Channel

The direct channel represents the type of channel where producers sell/distribute 
their products directly to consumers, i.e., they do not use intermediaries to get their 
products to the consumer. On the other hand, the indirect channel incorporates inter-
mediaries to get the final product to the final consumer. According to [8–11], there 
are greater benefits in the direct channel than in the indirect one. In the direct chan-
nel, there is greater assurance that the product will be delivered to the customer 
smoothly. The indirect channel is long and requires less investment (money and 
time) by the supplying company. However, the authors conclude that the literature 
does not provide conclusive information about which is the best distribution channel.

The development of e-commerce has pushed retailers and consumers to use mul-
tiple media, involving websites, physical shops, catalogs, the Internet, kiosks, 
mobile applications, and call centers [12]. Online distribution channels have 
changed retail perspectives [13]. The choice of a distribution channel depends on 
the economic objectives and constraints of each market [7].

2.1.2  Multichannel

Multiple channels are derived from the combination of online and offline channels. 
Multiple channels allow companies to market their products simultaneously in dif-
ferent distribution channels and make a higher profit. The emergence of multiple 
channels is not enough to distribute products in different market segments [9, 14–17].

One of the advantages of using the Internet is the reduction of entry barriers into 
new market segments from a distance and direct communication with customers. 
With the Internet, companies connect in real-time, share information and knowl-
edge – the Internet and information technologies have boosted e-commerce [18, 
19]. Among other advantages are sales growth and cost reduction. Companies that 
use multiple channels have higher performance and profit compared to companies 
that use only a single channel [14, 15]. According to [3], the use of multiple chan-
nels is increasing. But one of its disadvantages is consumer dissatisfaction with the 
difference in prices in the different distribution channels and the conflicts that arise 
from these channels.
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2.2  Distribution Channel Strategies

Distribution channel strategies are as important as marketing channels for the allo-
cating of products to consumers. However, identifying which ones best suit the 
Angolan cement market context and how to select them requires research. According 
to [4], currently, companies can produce products of high quality, but if they do not 
adopt an adequate distribution strategy, their market share may decrease.

2.2.1  Geographic Marketing Expansion Strategy

In general, market expansion is a strategy that aims to increase the growth of a given 
company by identifying and penetrating other local or international markets. A 
study was conducted by [20] with the following starting questions: (1) what is the 
market? what is marketing expansion? What factors affect market expansion? The 
authors define market expansion as a strategy that increases primary demand for a 
product category and converts non-customers into customers of an industry. For the 
authors, market antecedents are factors that drive market expansion. The authors 
identified the following three antecedents: (1) unmet needs and desires of potential 
customers; (2) their purchasing powers; and (3) access to desired products and 
services.

The recognition of consumers’ consumption needs is a key point for the imple-
mentation of this strategy because it requires understanding what a market is and 
how to position oneself in it [21].

Access to products and services desired by consumers is an important anteced-
ent. The availability of products in the market depends on the firm’s willingness to 
reach unexplored and/or underserved market segments. To implement the market 
expansion strategy, the firm must define its market scope (customers and competi-
tors) [20, 22], as decisions on market expansion are made based on the analysis of 
the market environment and the firm’s available resources. The main strategic deci-
sions include: (1) goal setting; (2) decisions about the strategic focus to be followed 
(such as market expansion, market penetration, or productivity improvement), 
generic strategies (cost leadership versus differentiation); and (3) the desired com-
petitive position (the combination of price, quality, service, innovation, customiza-
tion, speed, responsiveness) [23].

2.2.2  Diversification Strategy

Diversification is driven by the availability of raw material, accumulation of experi-
ence, and the sharing of know-how. According to [24], know-how as well as other 
intangible factors can be used to produce, promote, and distribute different prod-
ucts. Companies make more profit when they diversify their production. According 
to [25], a diversification strategy drives organizational conduct and performance.
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Companies can diversify their related or unrelated products and can diversify by 
seeking international markets [26]. This strategy requires targeted distributions to a 
market segment [27–29]. As a rule, companies resort to diversification as it is a way 
to leverage their business horizons and capabilities [30]. The classification into hori-
zontal, vertical, concentric, and conglomerate diversification is much addressed on 
the impact of related versus unrelated diversification and the mode of entry (organic 
growth, acquisitions, or alliances) [31]. External factors (industry characteristics, 
laws, culture, and transaction costs) also influence diversification.

2.2.3  Generic Strategies

Generic strategies (cost leadership, differentiation, and focus) are related to com-
petitiveness. They focus on specific market segments [32]. Firms can achieve com-
petitive advantage through differentiation, cost leadership, or focus and differentiate 
themselves from each other by their ability to compete [33]. In exploring the rela-
tionship between firms’ strategic positioning, sustainability, and performance [34], 
concluded that differentiation generates better financial performance compared to 
cost leadership. Differentiation requires developing products and services with 
unique qualities desirable to customers.

Differentiation requires agility in service and products with high quality [33, 35, 
36], as cost, delivery time, and product quality influence purchasing decisions [37]. 
Cost leadership requires investing heavily in technologies, staff training, bench-
marking, and expense control. This requires the company to have high financial 
health [34] to stay in the low-cost system and continue to produce [35]. Focus strat-
egy, on the other hand, is focused on a market segment to then implement differen-
tiation or cost leadership [38]. The focus strategy targets specific markets [32].

2.2.4  Lean, Agile, and Leagile Strategy

In conducting their study [39], posed the following starting question: when should 
a company adopt lean or agile management? The authors noted that the complexity 
of lean and agile strategy arises during its implementation. Agile requires a flexible 
workforce, a trained human capital capable of performing the tasks. In general, 
make-to-order-based SC are shot, with little or no intermediary.

Lean and Agile SC aims to make logistics more flexible given market competi-
tion. Lean aims to reduce waste and minimize losses in SC. Agile SC, on the other 
hand, refers to the capacity to react and adapt to changes in the market environment. 
In general, the Agile paradigm is applied for specific products with a relatively short 
lifespan [37, 40, 41]. Combining the lean and agile extremes, it gave rise to the 
Leagile [hybrid] strategy [42]. Leagile SC uses the advantages of both lean and 
agile paradigms. This concept is in general applied in the case of innovative and 
unique end products with a more customized design [37].
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3  Methodology

Given the nature of this study, was used the Delphi technique. The choice of this 
technique was based on the statement of objective, assuming the expansion of 
knowledge that might result in a significant contribution to the problem under study. 
Different authors who used the Delphi technique point to it as an efficient and effec-
tive technique for fieldwork in different sectors. For instance [43], point out that the 
Delphi technique is an appropriate methodological tool for researchers whose com-
plex issues benefit from the insights and consensus of a group of experts. However, 
to be able to implement the Delphi technique in this research, the following starting 
questions were posed:

 1. What is the Delphi technique and what makes it a choice over other methods?
 2. How to select the panelists and why?
 3. How to design the questions in the questionnaire?

The Delphi technique assumes that group consensus is more reliable than an 
individual decision. Furthermore, the Delphi technique has implications in various 
sectors such as public health, public transport, education, logistics chains, public 
policy, strategic decision-making in companies, among others [44–46]. This tech-
nique assumes that several heads think better than one [47]. The Delphi technique is 
a method of obtaining consensus on a given topic through sequences of question-
naires that are sent to specialists in each area [46, 48, 49]. Interactions, anonymous 
responses, sequences of questioning, and feedback to the group in each sequence 
are features that distinguish this technique [50].

Each characteristic provides the Delphi method with a unique approach to gain-
ing, consensus on a topic. The samples in a Delphi study vary according to the 
purpose of the study, its complexity and available resources. A smaller, homoge-
neous panel reaches consensus quickly and, on the other hand, a heterogeneous 
panel takes a long time and may not reach consensus [49]. The number of respon-
dents in the Delphi technique is an individual criterion [51]. Representativeness is 
assessed based on the quality and diversity of the panel, not its quantity [52].

This technique can produce data that would otherwise be difficult to obtain [53]. 
The Delphi technique begins with the formulation of the problem and the choice of 
experts, followed by an initial questionnaire that acts as a strategy to obtain the 
expert’s appreciation of the subject under study [52]. Afterward, the responses from 
the first round are used to construct the second-round questionnaire [54].

Since this is an exploratory research, aimed at obtaining a consensus among a 
panel of experts, regarding the most suited marketing channels and distribution 
channel strategies for the Angolan cement Supply Chain, the Delphi technique was 
the chosen instrument. Thus, using the Delphi technique, 22 experts belonging to 
entities linked to the SC of the ACI were surveyed. All the selected entities have 
extensive work experience in the areas in which they operate and can contribute 
directly or indirectly to achieving the goal.
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The questionnaire was composed of eight questions aimed to identify marketing 
channels and distribution channel strategies that are most appropriate to the Angolan 
cement market context. The questionnaires were divided into two sets, on the first 
one the goal was to classify distribution channel strategies and marketing channels, 
on other hand, the second one was created for the respondents to justify the classi-
fication given, on the first set. The questionnaire before being sent to the respon-
dents was designed and previously validated.

In the first set of questions, respondents were asked to choose and justify their 
choices for the following questions, using a 5-point Likert scale:

 1. How would you rate each of the marketing channels listed below, considering 
their suitability in the context of the Angolan market to enable the short-, 
medium-, and long-term efficient and effective supply of cement to the Angolan 
market? (On a scale of 1 [Unsuitable], 2 [Little suitable], 3 [Reasonably suit-
able], 4 [Suitable], and 5 [Very suitable]). Justify your answer.

 2. How would you rate the installation of distribution centers as a mechanism to 
enable an efficient and effective supply of cement to the Angolan market in the 
short, medium, and long term? (On a scale of 1 [Unsuitable], 2 [Little suitable], 
3 [Reasonably suitable], 4 [Suitable], and 5 [Very suitable]). Justify your answer.

 3. What rating would you give to each of the distribution channel strategies listed 
below, considering their suitability in the context of the Angolan market to 
enable the short-, medium-, and long-term efficient and effective supply of 
cement to the Angolan market? (On a scale of 1 [Unsuitable], 2 [Little suitable], 
3 [Reasonably suitable], 4 [Suitable], and 5 [Very suitable]). Justify your answer.

 4. Regarding the following aspects, how would you classify the Angolan cement 
industry regarding its capacity to allocate cement to communities in order to 
generate added value, especially for customers located in the interior of Angola? 
(On a scale of 1 [Unsuitable], 2 [Little suitable], 3 [Reasonable suitable], 4 
[Suitable], and 5 [Very suitable]). Justify your answer.

The results of the first sequence of questions were assessed as follows:

• The results “Unsuitable” have been multiplied by a factor (−2).
• The results “Little suitable” have been multiplied by a factor (−1).
• The results “Reasonably suitable” were multiplied by a factor (0).
• The “Suitable” results were multiplied by a factor (1).
• The “Very suitable” results were multiplied by a factor (2).

The 5-point Likert Type Scale was used to obtain the results described in the 
Tables (Sect. 4). The values were multiplied and then summed, giving rise to the 
results in the last column of the Tables. According to [55], despite decades of 
research, the optimal number of response categories for the Likert rating scale is 
still undetermined. According to [56], the 5-point scale is preferred because it pro-
vides fewer model mismatches than the 4-point format.

In fact, the multiplication factor used increases the numerical value of the results, 
in terms of significance, it influences the result, clearly showing the respondents’ 

Angolan Cement Industry: Marketing Channel and Distribution Channel Strategies



330

ideas. At the same time, it cancels out the respondents’ answers in the center of the 
scale when they are multiplied by zero.

4  Results and Discussion

In the first sequence of questions using the Delphi technique, respondents were 
invited to indicate and justify their choices as to the marketing channels and distri-
bution strategies that they considered to best suit to the Angolan cement market. Of 
the 22 selected entities, 11 responded to the questionnaire, which corresponds to 
50% of the total sample. Concerning the question of how they would classify the 
marketing channels in terms of their suitability in the context of the Angolan mar-
ket, the results are shown in Table 1.

The respondents’ choices reveal that overall, the direct and multiple channels are 
considered the ones that best suit the Angolan market context, compared to the indi-
rect channel, although the results are distributed along the scale, showing that there 
is no consensus among respondents.

Given the nature of the problem of cement distribution in the Angolan market 
and the importance of distribution centers, the following question was introduced in 
the script: (1) how would you rate the establishment of distribution centers in the 
Angolan market? The results are shown in Fig. 1. In general, a higher percentage of 
respondents (55%) consider that distribution centers are very suitable or suitable for 
the ACI and 27% consider that they are not at all suitable or not very suitable. In this 
case, there is also some dispersion in the respondents’ answers, although less 
expressive than in marketing channel strategies.

The results of the question of what rank you would give to the appropriateness of 
distribution channel strategies in the context of the Angolan cement market are 
shown in Table 2.

The answers reveal that in general, respondents consider that the diversification 
strategy, geographic expansion of the market, and focus suit better the Angolan 
market context, unlike the differentiation and lean strategies.

Concerning the question, how would you rate ACI’s ability to allocate cement to 
communities to generate added value, especially for the customer located in the 
interior of Angola, the respondents’ answers are shown in Table 3.

Table 1 Marketing channels results

Unsuitable
Little
suitable

Reasonably
suitable Suitable Very suitable Results

Direct channel 3 1 1 3 3 2
Indirect channel 3 3 4 1 0 -8
Multiple
Channel

2 1 3 3 2 2
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Fig. 1 Installation of distribution centers

Table 2 Distribution channel strategies

Unsuitable
Little
suitable

Reasonably
suitable Suitable

Very
suitable Results

Costs leadership 2 2 1 3 3 3
Differentiation 2 3 1 2 3 1
Focus 1 1 4 1 4 6
Diversification 2 – 1 3 5 9
Lean 2 2 2 3 2 1
Agile 1 3 1 2 4 5
Leagile 1 3 1 3 3 4
Market expansion 1 1 2 2 5 9

Table 3 Voting results

Unsuitable Little suitable Reasonably suitable Suitable Very suitable Results

Capacity 4 2 1 1 3 −3
Performance 3 3 2 2 1 −5
Effectiveness 5 2 1 2 1 −8
Efficiency 5 1 2 2 1 −7

The results obtained reveal that more than 50% of the respondents consider that 
for each factor under evaluation, the ACI is not at all empowered or is poorly 
empowered. The responses reveal that respondents generally consider ACI to have 
a weak capacity, low performance, low efficiency, and low effectiveness in allocat-
ing cement to communities to generate added value, particularly for the customers 
located in the interior of the country. Three respondents point out that the weak 
performance in the Angolan cement market is due to the poor quality of transport 
infrastructures that makes the distribution of cement impossible. On the other hand, 
some respondents pointed out that the weak capacity to allocate cement to commu-
nities in the interior of Angola, the low performance, poor efficiency and effective-
ness in cement distribution in the Angolan market is partly due to weak 
implementation of distribution channel strategies.

Angolan Cement Industry: Marketing Channel and Distribution Channel Strategies



332

Based on the answers derived from the first sequence, we believe that the work 
is progressing well. Thus, to achieve the objective of this research, it is our intent to 
apply soon a second sequence of questions aimed at improving the consistency of 
the answers obtained in the first sequence. The main goal of the study (sequences of 
surveys) is to identify the marketing channels and the distribution channels strate-
gies that the respondents believe to be the most appropriate for the Angolan market 
context. In this way, the first sequence has provided an elucidation on which market-
ing channels and distribution channels strategies the respondents judge to be most 
appropriate for the Angolan cement market context.

However, to complete the study, at least a second sequence must be applied, 
which aims to question the respondents to evaluate if, after knowing the global 
results, they still maintain the same opinion about their previous answers. According 
to the Delphi technique, the answers of the first sequence are used to construct the 
following sequences of questions. Therefore, some points will be used derived from 
the first sequence to compose the questionnaire of the second sequence. Basically, 
the questions will be formulated to determine initial positions on the questions in 
which all the experts who participated in the study agree and the unimportant ones 
to be discarded.

5  Conclusion

The distribution strategies and marketing channels identified in this study aim to 
enable the short-, medium – and long-term distribution of cement in the Angolan 
territory efficiently and effectively, which will help improve the lives of the popula-
tion and the financial health of companies. Considering the results achieved so far, 
there is not a single channel that is considered the most efficient and effective. 
However, market expansion, diversification, and the installation of distribution cen-
ters are identified as strategies that best suit the context of Angolan cement distribu-
tion. Further, the respondents consider that the distribution process is not adequately 
developed regarding its capacity, performance, effectiveness, and efficiency. The 
golden rule used in choosing the best marketing channel and the best distribution 
strategy for a given cement company seems to be to know the market environment 
(customers, competitors, products, win loyal intermediaries, and empower human 
capital).

The results of the first set of questions provide valuable insights into the distribu-
tion of cement in the Angolan market. We believe that this study will add value to 
the decisionmakers regarding the distribution of cement in the Angolan market, as 
well as in developing countries that present a similar context. As for its value, 
although it needs further generalization, this work is one of the few to identify dis-
tribution strategies and marketing channels appropriate to the cement market 
context.
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How Can Customer Experience Improve 
Retail Operations Sustainability?
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Abstract Consumer needs drive supply chains, so they are arguably the main 
actors in the process. Nonetheless, consumers are unaware of their ability to con-
tribute to stock management and the sustainability of retail operations, from the 
reduction of stockouts and waste to the minimization of energy-environmental 
impacts, through the centralization of stock in distribution and consolidation of last- 
mile delivery in pooling systems. For this to happen, companies must provide chan-
nels that allow consumers to actively participate in the process and negotiate 
delivery times and prices through sustainable purchase options, through a crowd-
sourcing strategy in phygital stores. This paper explores two alternative strategies, 
maintaining or changing the current physical retail business model, based on the 
increase in online commerce and the use of mobile devices and applications in the 
purchase process. The first is applied in physical stores in a gaming context through 
a consumer-facing augmented reality mobile application that rewards users for 
identifying stockouts and informing the need to replace products in the shelves. The 
second involves the transformation of physical stores into a showroom format, 
where desired products are read through a QR code or using artificial intelligence 
through a mobile application, in which virtual shopping carts are created and deliv-
eries can be fulfilled via home distribution centers, collection points, or drive-in.
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1  Introduction

Despite the growth of e-commerce, according to TimeTrade [1], consumers con-
tinue to prefer to buy products in physical stores, as they value product experimenta-
tion and immediate purchase. Digital technologies have changed the nature of 
business-to-consumer relationships and the role of the consumer has increased in 
terms of participation and interactivity [2], as mobile devices and connectivity 
became part of marketing strategies and in-store experiences [3]. Currently, more 
than anticipated needs or simple experiences of consuming products or services, 
consumers value the interaction with the product, a more active participation [4] 
with new and unique experiences [5].

Considering that the result of these interactions improves customer shopping 
experience, which increases the probability of having a positive impact on sales, 
retail must adapt its strategy and business model in response to consumer behavior, 
which implies the hybridization of the physical spaces of the stores through the 
integration of intelligent technologies in the physical channel.

Bearing in mind that stockouts result in a bad shopping experience and have a 
negative impact on the value of retailer sales, the causes have been studied. Literature 
refers not only to the difficulty in predicting real needs and converting them into 
physical flows on-time but also to the inefficiency of operations, both in terms of 
inventory control and management and in-store operational management. For this 
reason, this paper explores the extent to which new experiences can allow direct 
involvement between the consumer and the store, providing customers with the 
ability to play an active role in the management of stocks and transport, in order to 
minimize disruptions and the underlying environmental footprint, ensuring the sus-
tainability of retail operations.

2  Literature Review

Stock and Boyer [6] define supply chain management as the management of a net-
work of relationships within the company and between interdependent organiza-
tions and business units consisting of material suppliers, purchasing processes, 
production sites, logistics, marketing, and related systems that facilitate the forward 
and backward flows of materials, services, financials, and information from the 
original producer to the final consumer with the benefits of adding value, maximiz-
ing profits through efficiencies and achieving customer satisfaction.

According to Rousseau [7], we can define retail as the activity of selling goods 
and services to final consumers, and retailer as an economic agent that sells prod-
ucts and services to final consumers. Retailers purchase goods and services using 
different sources of supply and deliver them to consumers in small quantities appro-
priate to their purchasing power and to meet the needs of the final consumer. To 
ensure the efficiency of operations, supply chains need to configure the intended 
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strategy in the long term and plan in aggregate form in the medium term to guaran-
tee the success of the activities necessary for the day-to-day of retail stores. Figure 1 
presents a framework that aligns supply chain planning with demand and the respec-
tive physical and informational flows. According to Grewal et  al. [3], to achieve 
success, retailers must allow their business models to evolve and create experiences 
and offers through all channels.

According to Hoogveld and Koster [9], the evolution of omnichannel retail is a 
major challenge as retailers need to change their business model to integrate their 
key resources across all channels, through an analysis of customer behaviors both 
digitally and at physical touch points, studying their decision-making process. 
According to Hübner et al. [10] and Marchet et al. [11], backend fulfillment, last 
mile distribution, and returns processing management are some of the key processes 
of omnichannel logistics. According to Lorente et al. [12], online orders are pre-
pared for shipping in fulfillment centers such as: distribution centers/warehouses 
which encompass physical store supply processes simultaneously with orders from 
online; fulfillment centers/dark stores that act as warehouses allocated to respond 
exclusively to online orders; and physical stores, which are additionally integrated 
with the online channel and have the capacity to respond to requests from this 
channel.

In retail, the consumer experience indicator can be considered as Customer 
Shopping Experience (CSE), defined according to Choi et al. [13] as a summary of 
the interaction between the customer and the retail company that begins before the 
customer enters the store and ends long after leaving the store. According to Longo 
et al. [14], the improvement of CSE can be a benefit and a decisive factor with the 
objective of regaining market share in the physical spaces of retail stores. In line 
with this perspective, Kale and Ulusoy [15] state that retail professionals have 
adopted a vision oriented towards building experiences where retail environments 
are transformed into theaters of interactions with the consumer to provide entertain-
ment experiences. According to the Forrester report [16], marketing and technology 
play a driving role in CSE growth, with 72% of companies saying that investing in 

Fig. 1 Retail demand and supply chain planning framework. (Source: Hübner et al. [8])
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the customer experience is their priority and 63% of business professional market-
ers valuing investments in technology to achieve this same goal.

A report by Conversant [17] highlights that 58% of consumers start their shop-
ping journey online and complete their purchase offline (webrooming), while 46% 
start their journey in-store and end online (showrooming). According to Marktest 
E-Commerce Barometer [18], in Portugal, the number of respondents who admit to 
searching online and then buying in a physical store dropped from 83.7% to 81.4%, 
while the number of respondents who say viewing products in physical stores before 
buying online increased from 56.1% to 65.7%.

In this context, mobile commerce (m-commerce) practices, showrooming, phy-
gital, and smart stores are mentioned in the literature as the main trends in the scope 
of omnichannel retail, with a special focus on the physical space of the store, with 
the objective of differentiating the offer and the consumer experience.

The phygital experience is defined, according to Belghiti et al. [19] and Verhoef 
et al. [20], by the hybridization process of the physical (point of sale, products) and 
the digital (touch screens, connected mirrors, NFC, QR codes) at the same time and 
in the same place. From a marketing point of view, according to Moravcikova & 
Kliestikova [21], the phygital concept  – agglutination of physical and digital  – 
brings together conventional sales promotion tactics with digital brand activation 
strategies in an integrated solution, in order to respond effectively to the consumer’s 
alternation between the offline (store) and online worlds (search for information 
about products, prices, and respective reviews), offering consumers the convenience 
of online channels together with the authentic experience from the physical store. 
According to Goethals [22], there are four different types of phygital experiences: 
informational, transactional, entertainment, and support. Informational experiences 
serve to provide the client with additional information, such as object recognition 
and voice assistants; transactional experiences stimulate the customer throughout 
the purchase journey and is the most used in retail, examples can be self-service at 
checkout and coupons through beacons; entertainment experiences aim to entertain 
and engage the customer in the store and are mainly used during campaigns, usually 
in the form of interactive games using various types of technology; and finally, sup-
port, in which the objective is to add value to the customer, helping them during 
their purchase journey in the store, for example, through augmented reality – way-
finding. Different types of phygital experiences can be combined, for example, 
entertainment (fun) and informational (educational) through gamification systems. 
Zichermann and Cunningham [23] consider the term gamification as a process of 
“game-thinking” and game mechanics that aim to involve users and solve problems. 
Subsequently, according to Huotari [24], this concept was defined from a service 
perspective as a process of strengthening a service with a view to enhancing the 
“gameful experiences” to add value to the service user experience. Today, consum-
ers are already committed to phygital experiences. According to research conducted 
by International Council of Shopping Centers [25], mobile devices are already used 
in stores during the purchase journey. Customers aged between 20 and 37 are the 
ones who use mobile devices the most in stores. According to Emarketer [26] 
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regarding US digital consumers, the main action of consumers when using in-store 
retailer mobile applications is to look for promotions and personalized offers.

Technological development related to the Internet of Things (IoT) can create 
dynamic environments  – intelligent spaces  – capable of responding to human 
behavior and needs, in which objects and people interact. According to Kotler et al. 
[4], sensor technologies within the IoT launch new opportunities for marketers and 
retail companies that can take advantage of their potential to monitor consumer 
behavior, communicate with consumers through highly targeted and personalized 
offers based on collected data, and promote a convenient, interactive, and techno-
logical consumer experience in the physical space of the stores, through machine- 
to- machine communication. According to Sahni et al. [27], different software and 
applications are being developed within the scope of IoT and computer science not 
only to capture data related to consumer behavior within the store but also to respond 
contextually to consumer interactions. According to Moravcikova and Kliestikova 
[21], smart stores can be seen as an evolution of the phygital store, in the sense that 
the central objective is the same, that is, a hybrid, more dynamic and faster shopping 
experience. Hwangbo et al. [28] consider this type of store as one of the most recent 
evolutions of retail stores that deploy new technologies that create immersive and 
authentic experiences for the consumer.

3  Supply Chain vs. Retail Operations

In retail, distribution centers manage stocks and, in accordance with replenishment 
policies, send the products to the stores. Stores, in turn, receive, store, and stock 
shelves with products for sale. This business model can lead to excess stock and 
high inventory costs if the expected sales in the store do not occur, or stockouts, if 
shelf replenishment is not carried out or the product does not exist in the store due 
to delays in deliveries or inaccuracies of existing quantities. To supply stores accord-
ing to expected needs, based on historical sales data, distribution centers, in addition 
to trying to minimize inventory costs through centralization and obtaining econo-
mies of scale in the purchasing processes, try to minimize transport costs in ship-
ping of products to stores by maximizing transport capacity and optimizing routes. 
For this to happen successfully, retail companies need to integrate as much informa-
tion as possible so that it is possible to meet consumer needs with the desired level 
of service across all channels, supported by constant trade-offs between inventory 
costs and transport costs to ensure the sustainability and efficiency of operations. 
With data analysis tools, it is now possible to integrate and relate large volumes of 
information from multiple sources to support the best decisions for the business 
based on outlined assumptions and considering existing constraints. However, on 
the other hand, despite technological advances also in terms of product traceability, 
such as the Radio Frequency IDentification (RFID), retailers do not separate, in 
their systems, the existing stock in the store’s warehouse from the existing stock on 
the shelf, which causes the products to be dispersed throughout the store in more 
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than one location. This fact brings disadvantages as, in addition to compromising 
the accuracy of the existing stock and consequently the needs for replenishment, it 
forces an increase in the time spent internally in handling the products and in con-
trolling stock ruptures on the shelf. Last year, according to NielsenIQ [29], super-
market shelves registered an availability rate of 92.6% and the disruptions cost US 
retailers 82 billion dollars. When the customer perceives that the desired product is 
not available, a fifth of individuals postpone the purchase, while 10% go to another 
retailer and 16% go to online. According to Gruen et al. [30], having a direct impact 
on financial performance, stockouts are estimated to represent as much as 4% of 
sales, which is equivalent to the almost 5% average that retailers spend on logistics 
operations in accordance with PwC [31]. Most of these costs are caused by store 
operations, represented in 38% by product handling and 7% by having items in 
stock in the store [32], with the remaining 28% due to handling in the distribution 
center, 5% to inventory, and 22% to shipping [33].

4  Strategies to Reduce the Impact of Stockouts

Through a crowdsourcing strategy in phygital stores, pursuing common goals such 
as minimizing environmental impacts, improving the shopping experience, and 
avoiding stockouts and waste, consumers can and should have an active participa-
tion. This strategy, according to Nakatsu et  al. [34], involves the outsourcing of 
problems and tasks, which have already been performed by the employees of a 
company, to an undefined and anonymous group of people who come together to 
solve these problems and tasks. Customers can participate by helping to forecast 
real demand, both in the current business model, through a mobile application in a 
gaming format that rewards interaction by identifying stockouts and triggering the 
need for replacement, as in the store business in showroom format, in which cus-
tomers scan product QR codes (Fig. 2 – Amazon GO), or use NFC (Fig. 3 – Pingo 
Doce GO) and create virtual carts where online purchase value and the delivery 
periods vary according to what social responsible customers are willing to contrib-
ute to the sustainability of operations.

In this scenario, stock is shipped directly from the distribution center to the 
agreed delivery point, avoiding inventory costs and transport costs regarding the 
continuous shipment of products to the stores, as it allows transport partnerships to 
be created in the last mile that minimize environmental impacts through flexibility 
in the delivery time agreed by consumers. In this format, multiple purchase options 
can be activated in the application, with varying purchase price quotes depending on 
the selected delivery period, based on the consolidation of loads and shipment to the 
customer, and calculations subject to the expected demand and respective gaseous 
emissions.
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Fig. 2 QR code. (Source: Flexible Packaging [35])

Fig. 3 NFC. (Source: NIT [36])

5  Main Conclusions and Future Work

Given the growth of e-commerce driven by the pandemic, the growing use of mobile 
devices in retail stores and the use of technology as a source of information and 
interaction for personalized offers, companies were forced to strategically reconfig-
ure their logistics and marketing operations to secure profit margins, including the 
transformation of physical stores. In this context, considering the issue of disrup-
tions and the impact it generates on customers and retail companies, this paper 
addressed the major retail trends in terms of customer interaction and satisfaction in 
physical stores and the extent to which these can help to minimize stockouts at the 
point of sale and ensure the sustainability of operations through personalized offers 
and purchase options based on environmental impacts. Noting that QR codes and 
NFC technology are already part of the retail industry and that the objective is to 
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improve customer shopping experience, this paper suggests the use of mobile appli-
cations featuring virtual carts that could be operated by pointing the cameras in 
customers’ mobile devices or by reading product QR codes in a showroom format. 
In a gaming scenario, an application could ask customers to carry out inventory- 
related “missions” inside the store, rewarding them with loyalty points and/or prod-
uct offers, while allowing them to contribute to the sustainability of operations. In 
this way, customers could improve their shopping experience and that of the next 
customer, as they could help to avoid stockouts by intervening in the process or by 
practicing showrooming, improving the efficiency of shelf replenishment and ongo-
ing supply operations to stores. Given the importance of improving customer shop-
ping experience, future work toward the development of the alternatives under study 
includes analyzing the environmental impact of existing operations and studying the 
financial and environmental impact of incorporating the new business model in 
showroom format with direct deliveries from distribution centers.
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Optimization of Last Mile Logistics 
Process Combining Passenger and Freight 
Flows

Bruno Machado , Amaro de Sousa , and Carina Pimentel 

Abstract This research addresses the operational planning of an urban logistics 
problem where an existing bus passenger transportation network is integrated with 
the urban freight process, and with a last mile delivery service, to send freight to city 
centers. The aim is to reduce the number of fossil combustion powered commercial 
vehicles traveling within city boundaries, solely for goods transportation, thus con-
tributing to reduce negative effects of urban logistics activities, namely, pollution, 
noise, and traffic congestion. An integer linear programming model is proposed to 
support the planning of the distribution process, aiming to minimize the delivery 
time of the last mile operator. Results considering instances based on a real bus 
network of Porto city, Portugal, show the efficiency of the proposed model.

Keywords City logistics · Urban logistics · Integrated urban logistics · 
Mathematical model

1  Introduction

The continuous increase of population and e-commerce within urban areas enhances 
the importance of adopting solutions that reduce the impact of associated logistic 
activities, contributing to an improved and healthier quality of life within city 
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centers. The increasing transportation of freight directly to consumers’ houses 
instead of conventional retail stores will result in a significant increase in logistics 
vehicles operating within urban areas and, consequently, an increase in the traffic 
congestion, noise and environmental pollution, road accidents, and the emissions of 
greenhouse gases [1].

Currently, the transportation of goods in city centers is carried by private compa-
nies using dedicated vehicles. The high number of small orders to be delivered into 
the city centers intensifies the need of dedicated vehicles to transport them, since 
these small orders are, typically, distributed to many consumers which are dispersed 
in different parts of the urban area. On the other hand, most cities have a dedicated 
network to support the passenger flow, such as, taxis, trams, metro, or buses. During 
a day, these networks face high variations in the number of passengers using the 
network, but the network remains operational uninterruptedly leading to a lower 
system’s capacity utilization.

Urban logistics (UL) is being introduced as a popular term whose solutions aim 
to reduce the aforementioned negative impacts and to offer better and faster deliver-
ies [2]. However, even though UL has been investigated for several years, there is no 
universal definition of it [2]. According to Savelsbergh and Woensel [3], all existing 
definitions have in common that UL is about finding efficient and effective ways to 
transport goods in urban areas while considering the negative effects on congestion, 
safety, and environment. With this perspective, the integration of passenger and 
freight flows is gaining attention as it ensures that goods distribution is more effi-
cient and environmental friendly, since the same transportation network is shared. 
According to Neghabadi et al. [4], the integration of networks and infrastructures to 
combine freight and passenger transportation remains a big challenge.

This paper addresses an UL service which integrates the bus passenger and urban 
freight transportation flows. The main motivation for this approach is to use the 
spare capacity of the bus network during the periods when the number of passengers 
using the network is lower. The expected customers for this service are residents 
from e-commerce and small business with their daily needs of transportation. The 
main contributions of this paper are twofold: (1) the presentation of a new optimiza-
tion model to support the operations planning problem under study and (2) the vali-
dation and efficiency demonstration of the proposed model through a real bus 
network from the city of Porto, Portugal.

The remainder of this paper is organized as follows. In Sect. 2, a brief literature 
review is presented. In Sect. 3, the problem description and assumptions are given. 
Section 4 presents the optimization model. Section 5 details the generation of 
instances and presents the results and the performance analysis of the model for the 
generated instances. Finally, the paper concludes with Sect. 6, where the main con-
clusions of the research are presented.
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2  Literature Review

The integration of passenger and freight flows has been investigated from different 
perspectives and objectives. Such investigations can have an impact not only in 
terms of socioeconomic objectives of cities but also in terms of the impact on city 
living conditions, in particular on the congestion, emission, and pollution levels [5].

Li et al. [6] formulate the train service design problem on a single urban rail line 
with passenger and freight flows. Freight can be transported by adding dedicated 
trains for freight transportation or using the spare capacity of the passenger trains. 
The number of trains, train stops, and timetables are determined in the train service 
design. A mixed-integer nonlinear programming model is formulated to maximize 
the total profit. Linearization techniques are applied to transform the model from 
nonlinear to linear, enabling the model to be handled with commercial linear solv-
ers. Additionally, two iterative heuristic algorithms are proposed to solve the 
problem.

Liu and Dessouky [7] consider the daily problem of scheduling and routing both 
passenger and freight trains jointly for complex railway network, where the objec-
tive is to minimize the tardiness of passenger trains at station stops and the delay of 
freight trains. The authors present a mathematical model formulation highlighting 
that it is hard to be solved by exact methods. Thus, the authors propose a vertical 
decomposition of the original problem into subproblems and then present optimiza-
tion or heuristic techniques to be applied on each of the subproblems.

Li et  al. [8] have studied the share-a-ride problem (SARP) considering a taxi 
network, where, for a given set of passengers and parcel requests, the best taxi route 
is determined. The authors present Mixed Integer Linear Programming (MILP) for-
mulations for the problem and solved it exactly using the GUROBI solver. Later, the 
same authors have addressed the same problem, including heuristics approaches 
with stochastic transportation time [9, 10].

There are a few studies addressing the integration of bus passenger networks and 
freight flows within the cities, and therefore, for small distances. Ghilas et al. [11] 
suggested that part of the requests’ journey can be performed by a passenger trans-
portation service, synchronizing it with dedicated pick-up and delivery vehicles 
(PD). MILP formulations with the objective to minimize the total operating costs 
are presented and solved, using CPLEX solver. Later, Ghilas et al. [12] and [13] 
have addressed the same problem including delivery time windows for the PD.

The work of Masson et al. [14] is one of the most cited articles in this field. Their 
work considers a two-tiered problem, where the freight is transported from one hub 
by a single bus line and, afterwards, collected at bus stops and delivered at the cus-
tomer destination using a fleet of small vehicles. The authors solved their problem 
using a mathematical model and a meta-heuristic named Adaptative Large 
Neighborhood search, focusing on the number of vehicles assigned to the last mile 
deliveries and the routes performed by them.
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3  Problem Description

In this paper, we extend the work of Pimentel and Alvelos [15] presenting a differ-
ent optimization model and applying it to a real bus network dataset of the city of 
Porto. The problem considers the use of a bus transportation infrastructure to trans-
port requests into the city center. From there, the requests are delivered to the final 
customer through a fleet of small environmentally friendly vehicles using a last mile 
operator.

Consider a set of bus hubs positioned on the outskirts of the city, and a set of 
passenger bus services departing from each hub, performing a predetermined route 
through the city center, and stopping at respective bus stops of their route to offload 
either passengers or freight requests. Also, consider a set of requests of freight to be 
delivered to the city center. These requests release is triggered by different clients 
(typically logistics companies), indicating the demand, the final customer destina-
tion addresses of the request and the time window for delivery at the destination. 
Lastly, the clients also indicate which bus hubs can be used to deliver their request, 
so it can continue the transportation on the bus network. Since this problem is solved 
every day, we consider the timespan of one day. The requests characteristics vary 
from one day to another. Also, consider a last mile operator that performs the last 
mile delivery of the requests from the offloading bus stop to the destination address 
of the final customer. Below each of the relevant entities are characterized.

3.1  Clients

Clients are the entity that starts the process, conducting a request release to transport 
their freight into the city center. During a request release, the client indicates the 
request demand, the request destination address within the city center, and the time 
window to deliver the request at the destination. Also, each client must indicate the 
possible bus hubs he/she is available to drop his/her request, so it can continue the 
transportation into the city center.

3.2  Bus Hub Operations

Bus hubs are the place where the bus services start/end and where the requests are 
dropped off by the clients and loaded to bus services. Thus, at the bus hub, three 
operations occur: (1) receive requests that are dropped by the clients, (2) sort and 
package of requests on standard packaging containers and (3) load of standard con-
tainers to bus services, fulfilling the bus capacity of containers. We assume that the 
demands and the drop-off times at the bus hubs for each request are known in 
advance. Also, for the logistics operations, we assume a service time to package a 
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request that can vary from one bus hub to another. Furthermore, no transshipments 
of requests between different bus hubs are allowed.

3.3  Bus Service

Bus services represent the transportation service performed by the buses. The 
schedule and route of each bus service is known in advance. The capacity of each 
bus to transport requests is limited and can vary from one bus to another. Thus, each 
bus service can transport more than one request, stop in several bus stops of its 
route, and unload more than one request at each bus stop, fulfilling the unloading 
capacity of the bus stop.

3.4  Bus Stop Operations

The packaged requests are transported by bus services from the bus hub to a bus 
stop. At each bus stop, a certain number of requests can be offloaded. The offloading 
process is limited by the bus stop offloading capacity that is determined to not sig-
nificantly deteriorate the passenger’s service. We assume that offloading operations 
take a constant time. To maintain a fast and smooth process, the reader is referred to 
the work of Machado et al. [16] that considers an automated process for the offload-
ing process from the bus. The offloading operations are conducted by the last mile 
operator that must be at the bus stop when the bus arrives. This involves synchroniz-
ing buses and last mile operators. So, we assume that there is no storage capacity at 
the bus stops (the last mile operator offloads the requests directly from the bus). 
Additionally, no transshipments of requests between different bus services are 
allowed.

3.5  Last Mile Delivery

The last mile delivery is performed by the last mile operator, which uses an environ-
mentally friendly fleet. This operator is responsible to collect the requests at the bus 
stops and deliver them to the destination address within the delivery time window 
provided by the client during the request release. We assume that the last mile oper-
ator partitions the city center in different zones and defines a maximum delivery 
time to deliver any request from each bus stop of the city to each zone. This time 
represents the maximum time needed to deliver any request from the unloading bus 
stop to its destination address and varies according to which zone the request’s des-
tination address is located. The last mile operator routes are managed by itself, and 
so are not considered in the current research. This provides flexibility to the last 
mile operator to integrate this operation with its daily operations.
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3.6  Final Customer

Final customer represents one who receives the request at the destination address 
within the agreed time window.

4  Integer Linear Programming (ILP) Model

Consider a bus network with a set of hubs T (where requests can be dropped by 
clients), a set of bus stops S (where the requests can be offloaded by the last mile 
operator) and a set of bus services P (where requests can be transported from hubs 
to stops). Each hub t ∈ T is characterized by a maximum logistic service time Ft (the 
maximum time interval required from the moment a request is dropped by a client 
until the request is loaded in a bus service) and has an associated set of bus services 
P(t) ⊂ P. Each bus service p ∈ P(t) has an associated load capacity Utp, a departing 
time Htp from hub t and a set of bus stops S(p) ⊂ S. Finally, each bus stop s ∈ S(p) 
of bus service p ∈ P(t) has an associated arrival time Htps (according to the route of 
the bus service) and an offload capacity Utps.

Consider a set of requests K. Each request k ∈ K has an associated demand Dk, a 
destination address Bk and a delivery time window [Ek, Lk] defining the earliest Ek 
and the latest Lk delivery time instant of the request at its destination address. 
Moreover, the hubs at which the client of request k ∈ K can drop it are modelled by 
the binary parameters Akt that are equal to 1 if request k ∈ K can be dropped in hub 
t ∈ T or equal to 0, otherwise. Consider a last mile operator whose service is char-
acterized by the maximum time Tks to deliver request k ∈ K from each bus stop s ∈ S 
to the request destination address Bk. All sets and parameters are summarized in 
Tables 1 and 2.

The optimization problem under study considers that each request must be 
assigned with one bus service and one of its bus stops, among the bus services start-
ing on one of the possible hubs of the request. Moreover, each assignment must 
meet the delivery time window of the request and the whole set of assignments must 
meet the capacity of the bus services and stops. Concerning the objective function, 
we focus on the last mile delivery phase of the requests aiming at minimizing the 

Table 1 Sets of the ILP model

Set Description

T Set of bus hubs t
S Set of bus stops s
P Set of all bus services p
P(t) ⊂ P Set of bus services departing from hub t ∈ T
S(p) ⊂ S Set of bus stops s of bus service p ∈ P
K Set of requests k
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Table 2 Parameters of the ILP model

Parameter Description

Ft Maximum time on hub t to load any incoming request into any 
bus service

Htp Departing time of bus service p ∈ P(t)
Htps Arrival time of bus service p ∈ P(t) to bus stop s ∈ S(p)
Utp Load capacity of bus service p ∈ P(t)
Utps Capacity of bus service p ∈ P(t) to offload requests in bus stop 

s ∈ S(p)
Dk Demand of request k
Bk Destination address of request k
Ek Earliest delivery time of request k at its destination address
Lk Latest delivery time of request k at its destination address
Akt Binary parameter indicating if request k can be dropped in hub 

t

Tks Maximum delivery time of request k from bus stop s to the 
address of k

delivery times of the last mile operator from the bus stops to the destination address 
of the requests. However, as defined before, the last mile service is characterized by 
a maximum delivery time (from each bus stop to the request destination address) 
and, therefore, we do not know the expected delivery time. Using the reasonable 
assumption that the maximum delivery time is strongly correlated with the expected 
delivery time, we consider the objective function as the average of the maximum 
delivery times among all requests and the aim is to minimize this function.

To define the ILP model of the optimization problem under study, we first define 
the following additional parameters: the binary parameter hktps is equal to 1 if, for 
request k ∈ K, hub t ∈ T is one of the possible hubs for the request (i.e., Akt is equal 
to 1) and it is possible to meet with delivery time window [Ek, Lk] of the request 
when it is dropped at hub t ∈ T, loaded in bus service p ∈ P(t), and offloaded in stop 
s ∈ S(p):

 
h

A E H T Lkt k tps ks k
ktps

otherwise
�

� � � ��
�
�

1 1

0

,

,

�

 

Then, we consider the following decision variables:

zktps – binary variable that is equal to 1 if request k ∈ K is dropped in hub t ∈ T, 
loaded in bus service p ∈ P(t) and offloaded in bus stop s ∈ S(p), and equal to 0, 
otherwise.

Thus, a solution such that variable zktps is equal to 1 defines that request k ∈ K 
must be dropped in hub t ∈ T no later than time instant Htp − Ft to be loaded in bus 
service p ∈ P(t) whose departing time is Htp and offloaded (by the last mile operator) 
in bus stop s ∈ S(p) at time instant Htps. The ILP model is as follows:
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The objective function (1) minimizes the average of the maximum delivery times 
of the last mile operator. Constraints (2) guarantee that each request k ∈ K is assigned 
with one bus service p ∈ P(t) in one hub t ∈ T to be offload in one bus stop s ∈ S(p). 
Recall that, due to parameters hktps in constraints (2), these constraints guarantee that 
the assignment is in one of the possible hubs for each request and meets its delivery 
time window. Constraints (3) guarantee that the requests loaded on each bus service 
p ∈ P(t) of each hub t ∈ T are within the bus capacity Utp. Constraints (4) guarantee 
that the requests offloaded at each bus stop s ∈ S(p) of each bus service p ∈ P(t) of 
each hub t ∈ T are within the bus stop capacity Utps. Finally, constraints (5) are the 
variable domain constraints.

5  Computational Results

All problem instances used to test the proposed ILP model are based in a real bus 
network dataset in the city of Porto, Portugal, defined and provided in SOLFI proj-
ect. As part of the project, a pilot is planned to run in Porto and this dataset is the 
current plan for the pilot, defined by the main project contractor company and based 
on the bus network of the bus operator in Porto. The bus network to be used in the 
demonstration is based on four hubs (with IDs 34, 42, 107, and 305) strategically 
selected among the ones with high connectivity from outside the city and seven bus 
stops (labelled from 1 to 7) strategically selected nearby the areas with higher con-
centration of potential final customers, see Fig. 1. Within a weekday, a total of 220 
bus services can be used: 66 services departing from hub 34, 54 services departing 
from hub 42, 12 services departing from hub 107, and 86 services departing from 
hub 305.

Concerning the last mile operator, the city is partitioned in three destination 
zones (highlighted in Fig.  1 with different colors). Then, the maximum delivery 
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Fig. 1 Bus network and destination zones of Porto city

time of each request is computed considering the zone of the request destination 
address and the zone of each bus stop location using the values shown in Table 3 (for 
example, if one request is offloaded at bus stop 1, the last mile operator guarantees 
a maximum delivery of 60, 45, or 30 min if the request destination address is located 
at zone A, B, or C, respectively).

On this dataset, we have defined two sets of six problem instances each. The first 
set is composed by instances 1–6 and consider (1) all requests with a demand value 
of 1; (2) all bus services with a load capacity of 7; and (3) all bus stops (of all bus 
services) with an offload capacity of 5. The second set is composed by instances 7 
to 12 and consider (1) the request demand values randomly generated between 1, 2, 
and 3 with equal probability; (2) all bus services with a load capacity of 14; and (3) 
all bus stops (of all bus services) with an offload capacity of 10. In both sets, all 
requests can be dropped in any hub (the worst case in terms of optimization com-
plexity) and their destination zone is randomly generated considering all zones with 
equal probability.
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Table 3 Maximum delivery time (in minutes) from each bus stop to each destination zone

Bus stop
Destination zone
A B C

1 60 45 30
2 30 45 60
3 60 30 45
4 60 30 45
5 30 45 60
6 30 45 60
7 60 30 45

Table 4 Computational results of all problem instances

Inst. |K| W Opt.
Time
(sec.) DZ Inst. |K| W Opt.

Time
(sec.) DZ

1 100 4 hours 30 0.28 0 7 100 4 hours 30 0.30 0
2 100 2 hours 30 0.20 0 8 100 2 hours 30 0.25 0
3 200 4 hours 30 0.58 0 9 200 4 hours 30 0.63 0
4 200 2 hours 30.60 0.44 6 10 200 2 hours 30.525 0.61 6
5 300 4 hours 30.20 0.89 4 11 300 4 hours 30.15 1.09 3
6 300 2 hours 31.95 0.77 26 12 300 2 hours 31.70 0.92 24

Concerning the number of requests, we have considered three values on each set 
of instances: 100, 200, and 300 requests. These values represent the number of 
requests for a single day, which is much higher than the expected values in the 
SOLFI project pilot. Finally, for each of the three values, we have considered two 
problem instances: one instance where the delivery time windows are with a dura-
tion of 4 hours around a central time instant (randomly generated with a uniform 
distribution) and another instance where the previous delivery time windows are 
shortened to a duration of 2 hours by delaying in 1 hour the earliest delivery time 
and anticipating in 1 hour the latest delivering time. All problem instances were 
generated ensuring that the optimization problem is feasible.

The ILP model was implemented in IBM ILOG CPLEX Studio IDE 12.10 and 
the optimization of the 12 problem instances was run in an ASUS VivoBook, Intel 
Core i7 processor 1.80 GHz and 16 GB of RAM. Table 4 summarizes the obtained 
optimization results. In Table 4, ‘Inst’ indicates the instance ID, ‘|K|’ indicates the 
number of requests, ‘W’ indicates the delivery time window duration, ‘Opt.’ indi-
cates the value of the optimal solution, ‘Time’ indicates the CPLEX runtime (in 
seconds) to obtain the optimal solution, and ‘DZ’ indicates the number of requests 
in the optimal solution that are offloaded at a bus stop located in a zone different 
from the request destination zone.

Concerning the computational times, the main conclusion is that the problem can 
be efficiently solved using the proposed ILP model for all problem instances (with 
the largest runtime value around one second for the hardest instance). As expected, 
the instances with a higher number of requests are harder to be solved as the 
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resulting ILP model has a larger number of variables. There are no significant dif-
ferences in runtimes between the instances where all requests have the same demand 
(instances from 1 to 6) and the equivalent ones (i.e., with the same number of 
requests and the same delivery time window duration) where the requests have dif-
ferent demand values (instances from 7 to 12). Finally, instances with the delivery 
time window of 2 hours are (slightly) easier to solve than the equivalent ones with 
the delivery time window of 4 hours. This is because the former ones have a smaller 
number of parameters hktps equal to 1 and the variables zktps whose parameters are 
equal to 0 are eliminated by the solver in its pre-processing phase.

Concerning the optimal solutions, recall from Table 3 that 30 min is the smallest 
maximum delivery time (i.e., when the offload bus stop and the request destination 
address are in the same zone). All instances with 100 requests have an optimal value 
of 30  min, which means that the bus network capacity is enough to offload all 
requests in a bus stop located in the requests’ destination zones (see column ‘DZ’ in 
Table 4). On the other hand, for larger number of requests, this is not the case as bus 
service (and bus stop) capacities become a constraint. In the instances with 200 
requests, the delivery time window of 4 hours still allows all requests to be offloaded 
in a bus stop located in the request destination zone, but with the delivery time win-
dow of 2 hours, 6 out of 200 requests (i.e., 3% of the requests) are offloaded in zones 
different from the request destination zone (in both instances 4 and 10). Moreover, 
in instances with 300 requests, there are always some requests offloaded in zones 
different from the request destination zones and such number of requests is always 
higher for the instances with the shortest delivery time window duration.

6  Conclusions

This paper addressed an alternative urban logistics service for freight transportation 
within the city center, combining the passenger transportation flow, that already 
takes place in the city, with freight transportation flow. It focused on the problem of 
assigning parcel requests to bus hubs, bus routes, and bus stops to perform their 
transportation, while balancing the freight demands with the system capacities. An 
ILP model was proposed with the objective of minimizing the delivery times of the 
last mile operator. The fact that the bus network used by the model was based in a 
real dataset allowed us to get accurate results about the impact of adopting this 
combined logistic solution. Results have shown that adopting this combined logistic 
solution could be handled by the infrastructure of the city, even though it requires 
some adjustments to the bus fleet to guarantee the cargo safety. The results showed 
that the ILP model is efficient since it can deal with large instances, solving them in 
short computational times.

Nevertheless, we identify as limitations of the study the usage of artificial data 
related to the requests in our instances and, therefore, a pilot test is needed to test 
realistic requests datasets. A practical implication of this study is the improvement 
of the operational decision-making process applied to the context of urban logistics 
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with integrated flows. Also, as theoretical implications of this study, besides the 
presentation of the new ILP model, we use real data related to the bus network ser-
vices that can be used in future studies to compare approaches on this topic.
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Analysis of Pharmacy and Laboratory 
Reagents Stock Management 
in a Portuguese Public Hospital: A Case 
Study

José Sequeiros , Maria Teresa Pereira , Marisa Oliveira , 
and Fernanda A. Ferreira 

Abstract The current situation of healthcare units is characterised by the increas-
ing cost of providing the respective care, the consequent deterioration of the finan-
cial situation, and the complicated and time-consuming processes. Together with 
rising demand, they may become factors contributing to a decrease in service 
demand. Due to this situation, more efficient and effective logistics and supply 
chain management are widely recognised as one of the main areas for improvement. 
To provide insight on which areas to improve, several objectives were looked at in 
this work, including the analysis of the methods and criteria for the selection of 
medicines in hospital pharmacies, the definition of obstacles to the rational manage-
ment of stocks, and the analysis of historical data to forecast future demand for a 
Portuguese public hospital. The study revealed that some of the 1346 products pres-
ent on the pharmacy’s ERP do not have sufficient historical data to create an accu-
rate forecast. In this context, and with a service level of 95%, 41% of products have 
a stock higher than what should be the maximum stock, amounting to approxi-
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mately € 147.908.87 in fixed assets, and 11% of products were at risk of being out 
of stock at the time. The importance of the evolution of the core information system 
of hospitals was at stake, ensuring the technological sustainability of the ongoing 
digital transformation, alignment with ICT rationalisation measures, improvement 
of customer service, and improvement of the quality of information available to 
the user.

Keywords Supply chain · Hospital pharmacy · Forecasting methods · Decision 
support systems · COVID-19

1  Introduction

In the healthcare sector, the value can be largely based on the ability to efficiently 
coordinate the activities of the pharmacy supply chain with that of the hospital. 
Awareness of logistics is becoming more widespread, with many initiatives and 
studies on the integration of the supply chain, such as the provision of outsourcing 
strategies [1]. However, the internal supply chain, unlike the external one, remains 
the weakness of many organizations. Representing the costs of materials and ser-
vices as the second – largest group of costs in a hospital, it is recognized that supply 
chain management is one of the main areas of improvement, where we achieve 
important impacts on the organization’s performance [2]. The adequate acquisition 
and management of medicines and other pharmaceutical products are closely related 
to the ability of a given healthcare institution to provide care inherent to its mission 
and functions. Thus, medicines and other pharmaceutical products are considered 
essential goods for the proper functioning of healthcare institutions [3]. 
Pharmaceutical stock management emerges, which encompasses the set of activi-
ties that aim to guarantee the stock of medicines and other pharmaceutical products, 
to meet the therapeutic needs of patients, but also the interests of the health institu-
tion [4]. This complexity of processes and data analysis coupled with the current 
activity of the pharmacy may be an obstacle to more efficient resource management 
[5]. Thus, the management of hospital material is identified as a central point in 
containing the constant increase in health costs in industrialized countries [3]. This 
work intends to analyze the consumption of a hospital unit, both at the pharmaceuti-
cal and laboratory levels, projecting the consumption of the following month (using 
Linear Regression and Holt – Winters) to conjecture about the levels of stocks and 
inefficiency in the management of same.

2  Literature Review

As Carvalho puts it, the central dimensions of Logistics are time, cost, and quality 
of service. This means that logistics management is done through a management 
instrument that includes these dimensions and that promotes reasoning and 
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decisions, essentially through balances and exchanges, among them [6]. A greater 
contribution of the logistics area can be offered to the healthcare sector, through a 
wide range of activities. The hospital supply chain does not differ when compared 
to the supply chain of any other organization [7]. Considering any healthcare pro-
vider, the stock management must be balanced, since the excess of material or the 
lack of it can cause problems to the organization and, most importantly, the patient 
[8]. Excess stock increases ownership costs and might outdate or obsolete products, 
but, on the other hand, the lack of it can delay treatments, worsening health status or 
death [4]. So, the management of materials that includes the acquisition, reception, 
and internal distribution is fundamental [9]. As Carvalho puts it, the central dimen-
sions of Logistics are time, cost, and quality of service. This means that logistics 
management is done through a management instrument that includes these dimen-
sions and that promotes reasoning and decisions, essentially through balances and 
exchanges, among them [6]. Additionally, one of the most important steps in the 
purchasing process is the selection of suppliers, which integrates and influences 
these central dimensions [10]. Generally, a buyer selects suppliers that meet require-
ments for delivery times, quality as specified in the requested project, and satisfac-
tory payment terms. In the hospital context, according to Paterno, procurement is 
the most important function of logistics and can be defined as a service that aims to 
provide the materials needed by the hospital, plan the correct quantities and satisfy 
them at the right time, in the best quality and at the lowest cost [11]. Regarding the 
optimization of the use of resources, the difficulties in transposing the industry’s 
best practices to the hospital environment are evident. One of the biggest causes of 
inefficiency is due to the existence of hidden stocks to avoid stock – outs, which are 
based on procedures that are more focused on policies and user experience than on 
the institution’s data analysis. As previously mentioned, the adoption of stock man-
agement, supply, and distribution policies, due to the high investment associated 
with stocks, is essential. Studies carried out in recent years suggest that the costs 
associated with stock management in the health sector are between 10% and 18% of 
healthcare organizations’ net revenue [12]. The growth rate of expenditure at the 
selling price to the public of the total market (includes the NHS market, non- 
prescription medicines market, and the rest of the market, which includes sub- 
systems and private insurance) increased 18.5%, between 2003 and 2011 [13].

The reforms in hospital management followed a European trend influenced by 
the perspective of New Public Management that favored management practices with 
greater autonomy for managers and greater accountability for their actions, account-
ability in a clear and public manner, the introduction of incentive mechanisms per-
formance, and the application of management tools [21, 22]. The creation of hospital 
centres increased efficiency in resource management, avoiding waste, which gener-
ated signs of greater profitability and made the health system fairer and of higher 
quality [14, 15]. With these measures, the contracting of the activity with Hospitals, 
Hospital Centers, and Local Health Units started to consider efficiency and produc-
tivity, the shared management of resources between the different hospitals, to use all 
the installed capacity in each hospital, fulfilling minimum waiting times, improve 
user access through the Integrated Access Management System, and an articulated 
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relationship between hospitals and primary care. The provision of healthcare ser-
vices has been the central concern of healthcare organizations for several years. The 
increase in demand for health services, together with economic realities, highlights 
concerns about the sustainability of the public health system [15], making it neces-
sary to seek maximum efficiency in its management [16]. Patient care is supported 
by a wide range of activities, including inventory management, purchasing, and 
distribution of supplies to the point of care. These activities, known to many as 
healthcare logistics or supply chain management, aim to ensure the delivery of the 
right products where and when needed, with the quality and quantity necessary to 
provide services, avoiding interruptions in supply [17].

2.1  Stock Management Policy: Stochastic Model

Stochastic models apply when demand and/or supply behave randomly, uncertainly. 
This uncertainty increases the complexity of stock management, as it is now neces-
sary to deal with the possibility of stock-outs. In order to deal with this random 
behavior, both on the side of the demand and on the supply side, it is necessary to 
establish a safety stock to absorb greater variations in the registered average values 
[4, 18]. In the model of Fig. 1, the quantity to be ordered is fixed (EOQ), but the 
period between orders is variable (depends on the pace of demand in the period 
between orders). As demand and delivery times vary, there is a possibility of break-
age. If the order cycle is divided into two parts (when the quantity in stock is greater 
than the order point, and when the quantity in stock is less than the order point), the 
possibility of breakage exists only in the second part of the cycle, which corre-
sponds to the supplier’s delivery time. There will be disruption if the demand during 
the supplier’s delivery period exceeds the order point.

Fig. 1 Graphical representation of the functioning of the continuous review model [6]
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3  Methodology

In scientific research, there is always start from a problem whose statement has 
already the perspective in which the writer stands theoretically and epistemologi-
cally. It translates the way of seeing the question to be examined; that is, the enun-
ciation of the problem to be investigated already shows the theoretical view on the 
theme under examination and it is this look that will direct our investigation and 
ways of approximation of the survey and analysis of the data obtained. So, it is not 
the use of quantitative or qualitative data that differentiates forms of approach ques-
tions in investigation, but rather the perspective that guides the investigation [19]. 
The data was obtained directly from the ERP and was subsequently treated. 
According to the software supplier website, it is a solution that covers areas as rel-
evant as complementary means of diagnosis and therapy, pharmacy and logistics 
that optimize pharmaceutical and supply services, ensuring response to the area 
clinic and a correct work base.

For the hospital’s consumption analysis, data were collected for the last 5 years. 
These data are grouped by month to facilitate comparison. A total of 1346 different 
compounds were collected, resulting in 40,692 consumption data for all medicines 
in the pharmaceutical warehouse were collected. For the predictions, two different 
models were used, simple linear regression and Exponential Smoothing with 
Seasonality. These methods were chosen for their ease of implementation and for 
the results they normally present in this context. Regarding the treatment and analy-
sis of the data, Microsoft Excel 16 was used, using the Solver tool.

As demand during the delivery period is a random variable, it is necessary to 
identify it. According to the professionals, deliveries are made between 24 and 48 h, 
with occasional non-relevant variations. Thus, the Average Lead Time will be 36 h, 
with a standard deviation of ±12 h.

3.1  Simple Linear Regression

Linear regression finds the line that best represents the relationship between two 
variables. It is the simplest way to characterize a bivariate sample with quantitative 
data. When there is only one variable X, the model is designated by simple linear 
regression. When there is more than one variable X, the model is called multiple 
linear regression. The simple linear regression model analyzes the relationship 
between two variables of quantitative nature X and Y, whose tendency is approxi-
mately represented by a straight line. Unless the linear correlation coefficient R is 1 
or −1, all Y predictions from X’s are average forecasts. To make Y explicit in terms 
of X, other factors also influence the variable dependent and are not specified in the 
model. These factors are included in the random variable ɛi.
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The simple linear regression model is expressed by

 Y = b.X +a+i i iε  (1)

Where:

Y represents the dependent or response variable
X represents the independent or predictor variable
b represents the slope of the line or slope of the line or change (increase or decrease) 

in the mean value of Y associated with a unit increase of X
a represents the ordinate at the origin, constant, or intercept the line with the Y – 

axis, or the average Y value when X is zero
ɛi represents the residual random variable that describes the effects of Yi  not 

explained by Xi

Additionally, R represents the correlation coefficient and R2 represents the pro-
portion of variation explained by the model.

3.2  Exponential Smoothing with Seasonality (Holt)

The simple exponential smoothing model is suitable for locally stationary series, 
but is unsuitable for series with other characteristics, namely, when trend and sea-
sonality exist. This type of series shows a consistent increase or decrease all the time 
in the series. Adjustment to the trend is done using a component of exponential 
smoothing (St) and trend (Tt) for period t. The robustness and accuracy of exponen-
tial smoothing methods such as Holt – Winters have led to widespread use in appli-
cations where many series necessitate an automated procedure, such as inventory 
control [20].
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St is the value of the smoothed forecast for period t
Tt is the estimate of the trend value for period t
It is the seasonality value for period t
At is the real value observed in period t
α is the exponential smoothing constant, 0 ≤ α ≤ 1
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β is the trend smoothing constant, 0 ≤ β ≤ 1
γ is the seasonality smoothing constant, 0 ≤ γ ≤ 1
Ft + 1 is the forecast value in period t + 1
Ft + m is the forecast value in the period t + m
L spacing of seasonality – number of periods in the seasonal cycle (must be constant 

in the time and the variation must be greater than the random variations or 
“noise”)

In this study, the alpha, beta, and gamma values are calculated using an algo-
rithm that allows minimizing the mean absolute error of the forecast. This method 
is preferred when seasonal variations are constant throughout the series. The sea-
sonal component is expressed in absolute terms in the scale of observed series and 
the level equation, adjusting its seasonality by subtracting the seasonal compo-
nent [20].

3.3  Errors

The error associated with the forecast is the difference between the value observed 
in the series time and the forecast. Forecasting errors can be used to calculate fore-
cast accuracy. The mean of the sum of the squared errors is referred to as the mean 
square error (MSE), (Eq. 6) and it is the most popular measure of synthesis of the 
forecast errors used in the evaluation of the performance of each method. Although 
it was considered the MSE is the best method for this study for two main reasons, 
its wide usage and the series are evaluated under different conditions, consequently 
having the same measurement level as the underlying series [21].
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3.4  Developed Model

The algorithm implemented allows the calculation of the Economic Order Quantity, 
Security Stock, Order Point, and Stock Rupture for all items present in the inven-
tory. Figure 2 analyzes the historical consumption data, forecasting the consump-
tion of the following month according to the methods presented above. Later, the 
method with the least error is proposed to the user. This proposal must be validated 
using the evolutionary graph of consumption, given that there may be factors such 
as seasonality or trend that may not have been considered. To analyze the impact of 
the service level on stocks and their costs, the algorithm was run in three different 
scenarios. In each of them, the level of service was 95%. Figure 2 shows the imple-
mentation pseudocode.
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Fig. 2 Pseudocode for the application

4  Results

4.1  Hospital Stock

To calculate the intended outputs, some considerations had to be taken, as shown in 
Table 1. These considerations are closely linked to the fact that there is no concrete 
and precise information that can be used in the context of the study. Thus, values   
described in the literature were common in the healthcare sector. Order cost consid-
ered two support administrators, part time of the pharmacy director, depreciation of 
the equipment associated with the administrative and management, and deprecia-
tion of the computer program divided by the average number of annual orders. 
Additionally, the breakage cost was not estimated.

In terms of general data analysis for the 1346 runs made by the algorithm, some 
interesting data were found. In the Table are the data referring to the total costs of 
annual stock in the hospital, considering the historical data and the estimates made. 
In average, 85,032 items are consumed monthly, with an average cost of €28.63. 
The total cost of stocks is around €1,698,064.0, with a 3% share referring to amounts 
not directly related to the acquisition, as shown in Table 2.

Regarding monthly expenses with pharmaceutical and laboratory products, these 
values   tend to be stable, around €150,000 monthly, with a growing trend in the last 
year. The values   of post-Covid spending tend to be lower than the homonyms of 
previous years, values   justified by the behavioral changes of patients. Annual expen-
diture amounts to around €1.5M, with a tendency to increase in the following years. 
As the data obtained referred only to the first five months of 2020, the associated 
expenditure is considerably lower. Nevertheless, expenditures in the first five 
months of the year were like the same period in the previous year, even considering 
the period of pandemic onset, as shown in Figs. 3 and 4.

The algorithm returned most of the products as modellable from simple linear 
regression. Despite these results, double attention is needed when analyzed one by 
one, for the reasons already mentioned, namely, the current inability to analyze the 
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Table 1 Assumptions taken to calculate the desired values

Variable Value

Total cost of ownership 15%

Storage 4%
Material handling 1%
Cost of fixed capital 7%
Personnel costs 2%
Costs of losses, obsolescence 1%

Average lead time 1.5 days
Standard deviation of lead time 0.5 days
Order cost 10€

Table 2 Annual stock cost of all products

Average monthly 
consumption in the last 
12 months

Average 
value per 
unit

Annual 
acquisition 
cost

Annual 
order cost

Annual 
stock cost Total cost

85 032,62 28.63€ 1,641,768.3€ 31,587,8€ 24,707.9€ 1,698,064.0€

Fig. 3 Evolution of monthly expenditures on pharmaceutical and laboratory products (thousands €)

Fig. 4 Evolution of yearly expenditures on pharmaceutical and laboratory products (thousands €)

graphs to detect whether there is a trend, seasonality, or irregularity. Table 3 shows 
frequency of the best MSE.

Based on the assumptions and using the results obtained from the best methods 
identified, considering a service level of 95%, comparing with the current stocks 
indicated in the ERP, it was possible to conclude the following:

• 41% of products have a stock higher than what should be the maximum stock 
(safety stock + economic order quantity). This figure represents around 
€147,908.87 of fixed assets (Fig. 5)

• 11% of the products were, at the time, at risk of being out of stock, as shown 
in Fig. 6.
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Table 3 Relationship between the method and the frequency of the best MSE

Method
Frequency of the best 
MSE Percentage

Simple linear regression 1322 98.3%
Exponential smoothing with trend and additive seasonality 24 1.7%

Fig. 5 Percentage of products with current stock above or below the maximum stock

Fig. 6 Percentage of products with current stock above or below the maximum stock

5  Conclusions

The pharmaceutical management of medicines and other products assumes a central 
role in healthcare services. This plays a relevant and strategic role, mainly due to the 
high economic burden it entails, keeping stocks of medicines in the same proportion 
of their consumption, avoiding excessive stocks or stock – outs, is one of the great-
est challenges for hospital pharmacists. This challenge is mainly due to the signifi-
cant fluctuations and high degrees of uncertainty inherent in stock, but also with the 
aim of reducing costs, including storage costs. In this process, in addition to the 
financial aspect, quality assurance should also not be discouraged, to ensure the 
pharmacotherapeutic needs of patients. Health Information Systems allow coopera-
tion, knowledge, and information sharing, as well as the development of service 
provision activities in the areas of systems and technologies information and com-
munication [22]. They play an important role in the reform of the health system, 
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having as main objectives the improvement of accessibility, efficiency, quality and 
continuity of care, and increased satisfaction of professionals and citizens. Forecasts 
and stock management indicators were created for the 1346 different entries present 
in the system and with consumption recorded in the last five years. These indicators 
were analyzed individually according to the MSE, the smallest being chosen within 
the methods used in the forecast. Many products with forecasts based on linear 
regression prevailed, although there is the possibility of decreasing this value with 
more adjusted methods if we consider the graphical visualization of historical con-
sumption. In comparative terms of the results obtained with the in – house products, 
it was concluded that 41% of the products are above what would be the maximum 
stock, showing that purchases are being made with quantities greater than adequate, 
representing €147,908.87 of fixed assets. Additionally, 11% of the products are 
below the order point, being at increased risk of breakage. In terms of limitations, 
this study has some that can be listed. In a first point, the non – use of KPIs to moni-
tor suppliers and stocks. The fact that the pharmaceutical services do not do this 
monitoring does not allow a comparison of the pre – and post – implementation 
status. The automation of the choice of the best predictive methods, being only for 
the smallest MSE, may not include trend or seasonal lines, being necessary human 
control in the visual analysis of the graphs of the historical consumption of certain 
products. Additionally, one disadvantage of exponential smoothing methods is that 
they are not outlier robust. An observation has an unbounded influence on each 
subsequent forecast. The selection of the smoothing parameters is also affected 
since these are estimated by minimizing a sum of squared forecasting errors.

In general, there are several lines of action for the future. Improvement of the 
algorithm, so that it is more agile and quick in showing results, the inclusion of new 
predictive methods or evolution of the existing ones to suit the most common time 
series in pharmacy products, and the inclusion of artificial intelligence for auto-
mated analysis of the trend and seasonality lines of these same timelines.
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Towards Digital Transformation: A Case 
Study to Identify and Mitigate COVID-19 
in the Retail Industry

Marisa Lopes, João Reis , Nuno Melão , and Joana Costa 

Abstract The purpose of this research is to demonstrate how retailers have used 
the digital transformation to mitigate the negative effects of COVID-19. As this 
research aims to understand a real-life phenomenon for which there is very limited 
knowledge, we created the opportunity to empirically explore the digital transfor-
mation in the retail industry during COVID-19 pandemic. In general terms, the 
research follows a qualitative, descriptive, and exploratory case study design. The 
results have shown that retailers should focus on technological innovations, adapt 
their business models, manage their distribution channels, and strengthen their 
customer- centric strategy. Moreover, it is necessary to emphasize that while smart 
retail is gradually standing out in the sector, there are also some factors that have not 
been overcome, such as lack of digital culture, training, and digital leadership. 
Despite these identified difficulties, the adoption of a digital strategy will allow a 
differentiating, safe and secure shopping experience, which today is one of the deci-
sive factors for the survival of companies. The COVID-19 pandemic had social and 
economic effects in all industries – retail was no exception. In turn, the digital tech-
nologies already used by companies began to contribute to retailers being able to 
respond more quickly to customer needs, having been fundamental in fighting the 
COVID-19 pandemic. To the best of the authors’ knowledge, this research is one of 
the first to explore this topic, bringing new contributions to theory and managerial 
practice.
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1  Introduction

In mid-March 2020, the World Health Organization (WHO) classified the new 
Corona Virus Disease (COVID-19) as a pandemic due to the alarming number of 
cases and infections. The infectious diseases caused by the Severe Acute Respiratory 
Syndrome Coronavirus 2 (SARS-CoV-2) quickly became a global public health 
challenge [1, 2]. As it spread, the disease revealed its damaging effects on global 
economies and markets [3–5]. In this regard, countries have enacted a series of 
mandatory control measures for the population, in order to prevent further dissemi-
nation. In turn, the industrial sector was also forced to interrupt production lines, 
reduce human resources, or even close their physical facilities [6]. While people 
were forced into confinement and deprivation of liberty, the retail sector was one of 
the few sectors that had to secure products and goods for citizens’ livelihood [7].

In an early stage of spreading SARS-CoV-2, which caused an environment of 
fear and uncertainty, consumers shifted their demand to other types of goods (e.g., 
non-perishable goods). In light of the above, retailers struggled to obtain all the 
necessary resources due to the unusual quantities of products that were purchased 
[8–10]. Retailers also started to adopt new measures, such as (1) additional forms of 
payment to avoid physical contact; (2) teleworking, to ensure indoor social distance; 
(3) the use of new digital channels, to allow access to organizations from home 
[11–14], among many other aspects. The employees in the retail sector also found 
new risk factors, such as overtime pressure and increased workload; use of addi-
tional personal protective equipment and frequent stops for hygiene [6, 13, 15]. In 
this regard, retailers and logisticians were forced to adopt additional occupational 
health and safety measures to avoid environments of stress, danger, and burnout [6, 
16]. It was in this context that digital and disruptive technologies came to contribute 
to a better adaptation of companies to the phenomenon of COVID-19.

In the literature, there are some studies that have discussed this topic from the 
consumer perspective. They revealed that the pandemic caused new consumption 
habits, a change in the demand for goods, market behavior, and the economic effects 
of these changes on companies [9, 17, 18]. Furthermore, notable researchers such as 
Kraus et al. [19] also analyzed the thematic evolution of TD research in the areas of 
business and management, bringing new light to the subject. In this regard, Kraus 
et al. [19] identified and reviewed articles published in journals of the Chartered 
Association of Business and proposed a synergistic framework that linked existing 
research in DT to the areas of business and management. However, the perspective 
of professionals who operate in retail and logistics areas is somewhat forgotten in 
the existing literature. The scarcity of information, largely due to the novelty of the 
topic, has led the academic community to try to share with professionals the respon-
sibility for finding solutions that will mitigate the effects of COVID-19 in the retail 
sector. To fill a gap in the literature that is closely associated with the lack of 
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information in the area, we developed the following research question: How is the 
digital transformation contributing to mitigate the effects of COVID-19 on the retail 
industry?

Thus, this article is twofold, since it aims to understand and describe the effects 
of COVID-19 in the retail sector and, on the other hand, propose measures to miti-
gate the impacts of the disease through a digital transformation strategy. The article 
is organized as follows: Section 2 describes the methodological process and Sect. 3 
reports the results of the research and includes a brief discussion. The final section 
presents the theoretical and managerial contributions of the research, as well as the 
research limitations and suggestions for future studies.

2  Literature Review

2.1  Criteria for Articles Selection

This section highlights the results of a literature review that came from articles col-
lection from Elsevier’s Scopus on February 14, 2022 (Appendix A). We used Scopus 
since this database is considered as one of the largest databases that contains peer- 
reviewed scientific journals. For the research domain of natural and social sciences, 
Scopus is more adequate when compared with the Web of Science (WoS) or the 
Google Scholar [20, 21]. We did not use Google Scholar search engine because it 
includes documents that have not been peer-reviewed and, therefore, tend to be seen 
as of questionable quality [20].

To select articles for the review we used the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyzes (PRISMA). The PRISMA statement con-
sists of a checklist of 27 items and a flowchart with four phases (Identification, 
Screening, Eligibility and Included) [22] and is often used to improve reporting of 
systematic literature reviews and meta-analyzes [23]. Thus, this method allowed 
researchers to select the inclusion and exclusion criteria, in order to guarantee a 
selection of the documents with the greatest criteria.

Our selection criteria started by choosing the terms “Retail” in the topic (title, 
abstract, and keywords) and “Digital Transformation” or “Artificial Intelligence” or 
“Internet of Things” in the article title. Regarding the type of document, we only 
included journal articles since they are considered to be of superior quality. To avoid 
misinterpretation, only selected documents in English. There was no time restric-
tion, as the theme of COVID-19 is very recent. In addition to the language and type 
of documents, we also included two conference papers, as these were a preliminary 
part of this article. Although we had access to all other documents and met all the 
previous criteria, we resorted to the elimination of two of them, since the topics did 
not correspond to the research topic. From a total of 240 manuscripts, and consider-
ing the PRISMA protocol, we reached 80 documents, as shown in Table 1.
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Table 1 Four phases and criteria of the PRISMA protocol

SCOPUS n

Identification
“Retail” (Title, Abstract, Keywords) AND “Digital Transformation” OR “Artificial 
Intelligence” OR “Internet of Things” (Title)

240

Screening
  Language (English) 230
  Journal 85
  Articles 80
Eligibility
  Full-text articles assessed for eligibility 78
Included 80

Within the scope of the literature review, two types of analysis were performed. 
First, a descriptive statistic was carried out that took into account the graphical data 
obtained directly by Scopus, such as the distribution by country, thematic area, and 
year. Second, the content analysis of the 80 manuscripts was carried out, which 
made it possible to identify the extent to which the digital transformation allowed to 
mitigate the effects of COVID-19 in the retail industry.

2.2  Brief Analysis of the State-of-the-Art

The following results are distributed by countries, subject area, and year. Regarding 
the results by countries: The United States, India, and the United Kingdom stand 
out, as shown in Fig. 1. From our analysis, the United States stands out, for having 
the largest retailers in the world (e.g., Amazon), as well as for the issue of increased 
sales of e-commerce generated by COVID-19. On the other hand, India and the 
United Kingdom are countries that are investing in digital transformation of retail 
infrastructures in order to remain competitive in the international markets [24–26]. 
Although both countries have a great ambition to develop digital technologies in 
their economies, they are still not satisfied with their achievements; therefore, these 
countries have sought to maintain a high level of technological advantage.

To get a holistic view, we considered a more comprehensive value by comprising 
macro analysis. In this regard, it was possible to ascertain that the European Union 
(EU) stands out from the remaining 39 countries, either because of the investment 
that has been promoted by the European Commission or due to the investment of the 
45 EU countries identified in the Scopus database. Regarding the distribution per 
type of document (Fig. 2), there is high distribution of the results, as digital trans-
formation can occur in any sector. However, we highlight the computer science 
domain (23.2%), which has the highest percentage because it is where the most 
technical concepts are approached, such as Augmented Reality (AR), Artificial 
Intelligence (AI), Big Data, Cloud Computing, Internet of Things (IoT), Radio 
Frequency Identification (RFID), among others. It is expected that computer 
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Fig. 1 Distribution per countries (Displayed the top 10 countries)

Fig. 2 Distribution per subject area (retrieved from Scopus)

science will continue to grow gradually as a result of the acceleration of the digital 
transformation process worldwide. Then comes the business and management 
domain (21.3%), where the retail sector is predominantly discussed and increas-
ingly addressed in relation to digital transformation in companies. These results are 
in line with other previously published papers [27].

Finally, we present Fig. 3, where we can reveal the distribution of articles pub-
lished by year. The oldest document dates from 1990 and all the others date from the 
2000s. It is only from 2017 that a growing number of publications is noticed, which 
reveals that the themes “digitization” and “digital transformation” are relatively 
recent in study and academics.
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Fig. 3 Distribution per year (retrieved from Scopus)

As of 2019, growth continues to be exponential given that that date goes back to 
the beginning of the COVID-19 pandemic and that it was identified as the most 
recent cause of the acceleration of digital transformation in companies, largely due 
to the increase in online retailing. Additionally, we can also justify that the millen-
nial generation (Y) is considered as the biggest driver of technological advances. In 
the next sections, we present the qualitative analysis, focused on the 80 selected 
manuscripts, although it is not limited. If in the state-of-the-art section we tried to 
present a macro perspective of the digital transformation phenomenon, in the fol-
lowing sections we present the results of the content analysis.

2.3  Digital Transformation in the Retail Sector

Retail is one of the sectors that has undergone the most digital transformation in its 
operations [28]. This change is the result of offering a wide range of items, which 
resulted in management challenges that in turn were mitigated with digital transfor-
mation, but also because retail necessarily has to keep up with the sudden demand 
of modern economies [29, 30]. Overall, the digital transformation in retail is per-
ceived in the academia as technologies that enable new forms of behavior, interac-
tions, or market experiences, and remodels customer relationships, internal 
processes, and value propositions [31]. In other words, digital transformation 
enables new ways to create value while meeting long-standing consumer needs.

Based on our analysis, we identified three relevant episodes of digital transfor-
mation in retail. The first episode is associated with the shift from “IT enabled busi-
ness change” to digital transformation in retail; the second episode is related to the 
influence of I4.0 on retail (i.e., conceptualization of smart retail); finally, the 
COVID-19 epidemic and its impact on the relationship with consumers and retail 
professionals.
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Starting with the conceptual shift from “IT-enabled business change” to “digital 
transformation” and new consumer behaviors, this research advocates that despite 
the successive new forms that digital transformation may take, it is likely to remain 
an agenda of change and innovation in the retail sector. That is, if, on the one hand, 
technological disruption brings new consumption habits, on the other, consumer 
behavior also contributes to the increase of more advanced technologies, either 
through purchasing habits that encourage the development of innovative digital 
channels or by conditions imposed by the external environment (e.g., epidemiologi-
cal restrictions, lack of time to buy instore, etc.). Since early, the retail sector was 
forced to incorporate new digital strategies in its business models, in order to 
respond to the new consumer needs [32]. A good example is the exponential growth 
in the use of smartphones and mobile payment (m-payment) [33]. This new type of 
“digital native” consumer has come to the fore [34], since digital technologies 
enabled better, faster, and more comfortable shopping experiences [34, 35]. Thus, 
the retail sector also benefits from this shift, as digital consumers allowed retailers 
to capture more information in order to optimize the supply chain management (pull 
systems) [36]. An associated landmark worth mentioning was the growth of 
e- commerce, which has been enhancing digital transformation in the retail sector 
since the 90s. In that regard, omni-channel operations have been singled out as the 
future of retail, leading large companies to invest in measures and strategies that 
result in increased online and offline contact points, strengthened by brand image, 
increased sales, improved services, integration of channel information, and cus-
tomer loyalty [37]. For global network retailers, the omni-channel operation is seen 
as an important solution to meet the needs of customers at any time and place [38].

The I4.0 is another indisputable milestone in the context of digital transforma-
tion, as the concepts of IoT, robotics, and AI have radically changed retail opera-
tions in addition to human action [39]. Given the growth of I4.0, the concept of 
smart retail has been expanding. This concept has in its genesis an ecosystem of 
customer-centered activities and where new business modalities are underlying, 
such as unattended stores [40]. As the consumer experience is a decisive factor, 
retailers have invested in offering a combination of quality products and services 
[41]. This combination is mediated by increasingly intelligent and technological 
stores. As an example, we can find the autonomous stores that use the latest technol-
ogy (e.g., vision machine) and where the customer has full autonomy to choose and 
pay without the help of a store attendant [39]. That is the reason why automated 
teller machines are becoming a reliable option for retailers, as they offer less costs 
as a result of replacing human intervention, but also greater customer involvement 
in the shopping experience, as customers are co-producers of services [42]. In that 
regard, Amazon Go was created to be one of the world’s most advanced checkout- 
free shopping experience due to the use of computer vision, sensor fusion, and deep 
learning [39, 43]. According to Amazon [43], the technology “just walk out” auto-
matically detects when products are picked up or returned to the shelves and keeps 
them in a virtual cart and, as soon as the shopping experience is completed, amazon 
charges the purchase on the Amazon account. The future of retail points out the 
autonomous stores model to be increasingly used [32, 42]. Thus, the concept of 
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smart city has also been enabled by the growth of I4.0, insofar as it aims at preparing 
infrastructures in different areas (i.e., healthcare, energy, etc.) to standardize and use 
IT systems and networks of sensors more comprehensively. An example from the 
literature is e-Pharmacy in the United Arab Emirates, where digital data transfer 
between patients and pharmacies takes place, and whose objective is to optimize the 
sale of medicines through a system that at the same time has greater efficiency and 
less margin of error [44].

Finally, the academic community has not neglected the impact of COVID-19 on 
retail. COVID-19 is impacting both the relationship with customers and the indoor 
operations of logistics operators. In that regard, digital technologies are once again 
supporting service delivery or sale of products continuity by increasing the use of 
existing technologies (e.g., contactless payments) or accelerating new channels and 
disruptive technologies (e.g., Click & Collect, Grab & Go). The aforementioned 
acceleration has motivated a series of studies in the area, such as the case of Soto- 
Acosta [45] who argues that COVID-19 is accelerating the digital transformation of 
organizations, more specifically, it has fostered sources of value creation for both 
back-end activities as well as business front-end. As an example, Soto-Acosta [45] 
states that the potential value comes from the use of digital technologies such as IoT 
and Blockchain, which offer great opportunities to add transparency and real-time 
information to supply chains. This is just one example where disruptive technolo-
gies can operate together to create value for the organization. In the next section, we 
present the factors identified in the literature that are necessary for the development 
of the digital transformation process, while, in the results section, we analyze which 
factors emerged from the case study.

2.4  Five Managerial Instruments for Retail 
Digital Transformation

Globalization and rapid changes in consumption patterns, combined with the effect 
of digitalization, require the retail sector to have flexibility in its business models, 
innovation and effective management of its capabilities in order to succeed [46]. 
The fundamental resources for digital transformation are focused on the digitization 
of processes and the focus on digital technologies [38]. The technologies mentioned 
so far (e.g., AI, IoT) allow companies to automate processes, reduce costs, custom-
ize supply, anticipate demand and supply, and increase competitive power [32, 36, 
40, 42, 47]. Beiersdorf is one of the well-known companies that implemented digi-
tal technology (SAP) to build digital capabilities in the organization, create business 
opportunities, and return to customers the products that meet their needs [48]. 
However, this can lead to the idea that the solution involves only investment in tech-
nologies [49], but it will be insufficient if managers neglect the external environ-
ment [34].
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Today, the biggest challenge that companies face is to achieve an effective com-
bination of physical and digital resources to improve customer service [37]. 
However, if automation can result in less work, it will, on the other hand, require 
from retail a more qualified and specialized workforce to accompany technological 
innovation in processes and activities [50]. For digital transformation, not only digi-
tal tools are enough, but also employees with strong technical skills will be needed 
to be able to get the most out of them [51]. Sund et al. [46] identify as a possible 
solution for companies the creation of an innovation laboratory responsible for 
identifying, exploring, and launching new business models that allow centralizing 
this responsibility in a single department. Today, retailers’ operations and decisions 
remain customer-centric, their needs and requirements must be seen as the engine to 
change, align, and define the organizational strategy [30, 34, 46, 52]. Omni-channel 
operations are increasingly reliable for the future of retail trade, by allowing the 
interconnection of all channels [53]. Retailers should consider digitizing touch 
points to allow the implementation of techniques in physical retail stores, which 
previously were only available in online retail [47, 54]. According to Chernova et al. 
[41], the most important factor for the customer is no longer the price, but the shop-
ping experience. Therefore, the shopping experience will impact the perception of 
value, and this can be improved through self-service technologies and mobile tech-
nologies, as they close the gap between online and offline channels [53].

Digital literacy and organizational culture can mean an important impetus for 
digital transformation [50]. If companies focus exclusively on themselves, this can 
be a barrier to the transformation not taking place successfully [55]. It is important 
that companies are collaborative, empathetic, and motivating in the corporate envi-
ronment that promotes creativity, team spirit, innovation, and commitment [50]. 
Leadership will also be central to the digital transformation process, as it will have 
the responsibility to guide employees to achieve the objective of the digital strategy; 
it must be participatory and collaborative to promote the involvement and commit-
ment of all with a global objective [28, 56]. In sum, from the data analysis, we 
identified some of the factors necessary for digital transformation, such as:

 1. Physical and digital resources;
 2. Employee skills and customer-centric strategy
 3. Organizational culture
 4. Digital literacy
 5. Leadership

In addition to the above factors, we have also identified some barriers, such as scar-
city of resources; employees’ resistance to change; high cost of implementation of 
new technologies; security; data privacy; and cyber-attacks [38, 49, 56, 57]. In our 
understanding, it is necessary to deepen knowledge and develop the above five man-
agerial instruments for retail digital transformation with regard to COVID-19. In the 
light of the above, we intend to deepen the existing knowledge through empirical 
confirmation or refutation of the factors identified above (vide Sect. 4).
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3  Case Research

This research follows a qualitative, descriptive, and exploratory case study design. 
This research strategy aims to understand and explain the digital transformation in 
the retail sector in circumstances of COVID-19. The use of case research is justified 
by the need to understand in-depth a real-life phenomenon, for which knowledge is 
very limited [58, 59]. Furthermore, the case study allowed for greater detail and 
understanding that could not previously be found in the existing literature and that 
concerned the contribution of digital transformation in mitigating the effects of 
COVID-19 in the retail sector [60]. The criteria for choosing the unit of analysis is 
related to questions of convenience [61], since one of the researchers assumes roles 
of responsibility within the unit of analysis. Multiple case studies were also consid-
ered for the analysis. However, given the difficulties of accessing similar logistics 
companies during the COVID-19 pandemic, we thought it would be more prudent 
to leave this possibility for future research. The selection of cases used a reduced 
sample and used an intentional (non-random) selection procedure, as described by 
Gerring [62].

The research approach was interpretive, as the research starts from the knowl-
edge that reality is a social construction [63, 64]. In that regard, Walsham [64] 
argues that, within the scope of interpretive research, factors such as authenticity, 
plausibility, and criticism are very relevant. The authenticity and plausibility of how 
well the text relates to the professional environment is due to the position the main 
researcher holds in the organization. However, more critical readers can rightly 
argue that the author did not have the necessary detachment to carry out the research 
[65, 66]. In that regard, the coauthors ensured that the entire methodological process 
was followed to ensure impartiality. In addition, we try to use language accessible 
enough for junior readers, but with details that might be interesting for seniors. This 
research used three sources of data collection, namely, semi-structured interviews, 
official documents, and participant observation [58, 67]. The sources of data collec-
tion were important, as they made it possible to triangulate existing information to 
obtain solid evidence [68]. As for priority, we selected the interview technique as 
the main source [69]. Thus, the interviews allowed the researcher to ask key ques-
tions about the topic in order to collect firsthand data [70]. Official documents also 
made it possible to provide general and formal information about the organization 
[71], while participant observation allowed the identification of behaviors and prac-
tices in the field [72]. Both official documents and participant observations were 
considered secondary sources to validate the research results [73, 74]. When cor-
roboration was not possible, the main researcher took responsibility for collecting 
new information until inconsistencies were eliminated.

For confidentiality reasons, the unit of analysis identification (i.e., a well-known 
multinational logistics operator located in Portugal-EU) was not revealed, such as 
the names of the participants, which was also kept anonymous [75]. Overall, the 
objective of the case research was to understand the effects experienced by employ-
ees before and during the COVID-19 pandemic. In particular, the research aims to 
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identify the effects of COVID-19 on the retail sector and the respective digital trans-
formation initiatives with a view to mitigating the spread of SARS-CoV-2.

For a deeper contribution, the selected respondents had a high level of knowl-
edge as they perform different tasks and roles across the organization [76]. 
Respondents’ roles ranged from analysts, warehouse directors, managers, develop-
ers, coordinators, and department directors. Prior to the interview, the researchers 
shared a research protocol and the research objectives. During the interviews, audio 
recording was authorized, which enabled a more detailed analysis and the identifi-
cation of the main themes. The survey involved 18 respondents, most of them male 
(60%), aged between 32 and 49 years. More details are shown in Table 2.

Official documents were made available by the company, so that they could be 
analyzed and compared with other sources, allowing the validation of the collected 
information [71]. This information made it possible, for example, to identify inter-
nal contingency plans shared with customers, identify the multidisciplinary teams 
and their responsibilities, as well as the initiatives taken by the company in the 
context of the pandemic, namely, teleworking.

The participant observation technique allowed the identification of behaviors and 
attitudes towards the interviewees [77, 78], confirming in loco the practices used in 
the company. This technique allowed to define topics closer to reality and to delimit 
questions that emerged during the exploratory phase of the research. While one of 
the authors of this article works at the logistics company, it was possible to record 
all the daily interactions with peers (e.g., informal interviews) and measures used by 
the organization during the COVID-19 pandemic. However, as mentioned earlier, 
some criticisms of participant observation are known [79, 80], since their observa-
tions can be conditioned by their own experiences and ideas [65, 66]. To mitigate 
this limitation, the researcher used a field diary to record the observations [81], 
which in turn were reviewed by the second author of this article.

Data analysis was performed using a descriptive and thematic analysis [82]. In a 
first phase, the descriptive analysis aimed to use a deductive approach [83, 84], 

Table 2 Interviewees’ details

Department Respondents
Years working at the 
company (average)

Age 
(average)

Administration 1 4 44
Costumer service 3 21 45
Human resources 1 20 49
Improvement and new projects 2 6 37
Information technology systems 1 10 45
Operations 3 5 33
Process reengineering of fast moving 
consuming goods (FMCG)

1 1 32

Pharma process reengineering 1 0.6 41
Quality and environment, health and 
safety

2 12 36

Transports 3 5 36
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which allowed classifying the scientific articles that were used in the literature 
review according to their distribution by countries, type of document, thematic area, 
and evolution over time. This analysis was based on graphs extracted directly from 
Scopus (cf. 2.2. brief state-of-the-art analysis) which, together with an exhaustive 
reading of the articles, allowed to justify the trends and interpretations of the statisti-
cal results. Additionally, we also carried out an inductive analysis [85], which 
allowed to obtain an overview of the digital transformation, but also with a focus on 
the retail sector. In a second phase, the case study data were analyzed using the 
content analysis technique [75], following the same procedure as Reis et al. [76], it 
was possible to analyze all the data collected.

For content analysis, we started by reading all the text from the various sources 
(e.g., interview transcripts, field diary, and official website), integrating all this 
information into NVIVO 11, a qualitative data analysis software [86]. We then iden-
tified most of the phrases and ideas that emerged from the coding analysis [87], 
crosschecking with the results from the first phase (descriptive and thematic analy-
sis). After completing the previous process, we were able to identify the categories, 
moving on to the next step, which was to identify patterns in the codes to find rele-
vant topics and generate a map that could provide an overview of the data. Thus, the 
content analysis technique allowed coding and analyzing a large volume of qualita-
tive data to classify categories and subcategories [88]. This procedure made it pos-
sible to identify new patterns/dimensions and emerging ideas. Overall, this 
procedure followed the guidelines of Gioia et al. [89], allowing conclusions to be 
drawn with the expected rigor. As new themes emerged, we had to conduct more 
interviews than we had initially estimated. The interviews stopped when theoretical 
saturation was reached [90, 91]. That is, when the inclusion of new respondents led 
to repetition and redundancy, which led us to believe that the time had come to stop. 
Furthermore, we are convinced that the fact that we interviewed interviewees who 
were highly informed and able to observe the phenomenon from various points of 
view gave us the advantage of carrying out data collection with relatively low 
interviews.

For a better understanding, the methodological process is summarized in Table 3. 
Table 3 is divided into four columns that deal with the methodology, data collection 
methods, and data analysis techniques. By presenting information in an organized 
and transparent manner, we hope to provide readers with a holistic view. It is also 
relevant to mention that reliability and validity of the case research were achieved 
through a sequence of procedures [92]. For example, implementing a survey proto-
col and using multiple sources of data collection. These procedures allowed to find 

Table 3 Summary of the methodological process

Methodology Methods Sources of data collection Data analysis techniques

Qualitative Case study 
research

Semi-structured 
interviews
Official documents
Participant observation

Descriptive and thematic 
analysis
Content analysis
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consistent evidence and avoid exclusive and less reliable dependence on a single 
data collection method.

4  Results

In the results section, we present the empirical results from a case study of a 
Portuguese logistics operator. In particular, the analysis of how digital transforma-
tion in retail has helped to mitigate the effects of COVID-19.

4.1  Digital Transformation: Times of Change

Logistics employees are well aware that digital transformation implies organiza-
tional change. The results showed that digital transformation implies the introduc-
tion of technological components into the logistic processes, whether they are 
administrative or operational. In addition, the interviewees revealed that the digital 
transformation consists of the dematerialization of information and processes, 
which allows a dynamic, efficient, and active management.

With the logistics operator having a vast portfolio of fast moving consumer 
goods (FMCG) and pharmaceuticals, it was essential to use technological solutions 
in order to meet the needs and expectations of customers. While the majority of 
respondents hold administrative positions, they have contact with customers and 
partners. Some of the most recent changes identified were the adoption of the fol-
lowing capabilities: (1) POWER Business Intelligence – a tool that allows the anal-
ysis of solutions to improve decision making; (2) Enterprise Data – which allows 
the multinational company to efficiently manage the considerable volume of data 
from its branches; (3) Data Warehouse – used in the customer service area, assists 
in conducting research and analysis related to historical data. For instance, this tech-
nology makes it possible to measure the levels of productivity and operational effi-
ciency (picking errors, incidents, complaints); (4) Web portal accessible internally 
(employees) and externally (customers) through credentials – it is also an example 
of structuring information through the digital channel that facilitates communica-
tion, use, and decision; (5) Artificial Intelligence – based on the SPE system (Order 
Production System), this system prepares orders for pharmaceutical products 
through a procedure of light direction (pick-to-light and put-to-light); (6) Inventory 
Maintenance Unit (SKU) – used to search and identify inventory, allowing the sepa-
ration of large quantities from small inventory maintenance units; (7) the Radio 
Frequency Identification (RFID) – used in the various stages of the process, from 
reception, storage, preparation, and shipping, allows easy and effective tracking of 
goods in real time.

The changes presented above were previously analyzed by multidisciplinary 
teams and have been implemented gradually since 2007. Each technology took into 
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account not only the decision of the multidisciplinary teams, but also the needs and 
expectations of all stakeholders and which contributed to the decision of technologi-
cal implementation. The digital transformation process has made it possible to 
respond to current COVID-19 challenges. In other words, since the company is 
responsible for supplying some of the main retailers in Portugal, it has also suffered 
from the consequences of changing consumption habits through COVID-19. Its 
prior preparation and incorporation of new digital technologies enabled it to respond 
in a timely and effective manner to the new needs of the market. The reaction of the 
companies would not be possible without the ongoing digital transformation pro-
cess. In the following, we will meet the structural and managerial instruments that 
allowed the digital transformation process to materialize.

4.2  Structural and Managerial Instruments 
for Digital Transformation

As mentioned above, due to COVID-19, the logistics operator was required to 
timely respond to the needs of the markets. To this end, this sector needed a prior 
adopting of new technologies, in order to prepare it to respond to fast and unpredict-
able phenomena. From our analysis, it was possible to identify some key instru-
ments that were decisive for the success of the digital transformation implementation. 
Figure 4 shows these five identified instruments for a successful strategy of digital 
transformation.

One of the instruments that were identified by the respondents were resources 
(31%), which would have been considered of essential for the successful implemen-
tation of new technologies. The subcategories identified within the scope of 
resources are divided into financial, human, and material resources. First, for the 

Fig. 4 Instruments for a successful digital transformation strategy
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transformation process to take place, significant financial investment is required 
[93], since disruptive and innovative technologies are often expensive, involving 
high acquisition, implementation, and maintenance costs. Although expensive, 
investments in digital resources can bring high profits. For example, Rolls-Royce 
has implemented sensors in the jet engines it produces to improve their fuel effi-
ciency. With this feature, the company was able to reduce its customers’ fuel costs 
and attract new subscribers to rent jet engines instead of selling them, even creating 
a new business model [94]. Another example is given by insurance giant Guardian 
Life, where flexible infrastructure has helped the company to reduce costs, enabling 
agile operations and accelerating its commitments to startups. The company 
migrated more than 200 applications to a public cloud, which allowed it to shut 
down its last data center, the costs associated with running these applications 
dropped by 20–30% since the migration [94]. However, even investing in digital 
resources, some companies fail in their attempt to achieve digital transformation. 
General Electric set out to keep up with the disruption of the market, failed in the 
transformation it initiated because it focused on the size of the new units rather than 
the quality of the digital products and services it planned to deliver [95]. Likewise, 
Ford Motor Company launched a separate entity to incorporate digital technology 
into new vehicles [95]. Inadequate resource management and funding of the new 
initiative took a toll on their existing business. In this regard, human resources are 
also relevant, as it is necessary to delineate a person or team or project that can 
spend time, knowledge, and work to carry out the transformation. Connecting peo-
ple can facilitate the process of implementing digital transformation.

A large number of respondents also pointed to organizational culture (26%) as 
the basis for the company’s progression in highly volatile environments. They con-
sidered that organizational culture is the “engine of transformation,” that is, the 
company’s culture should be guided by values   such as openness, initiative for inno-
vation, motivation, teamwork, and dynamism. Under these conditions, the company 
has the right ingredients to succeed, as there is a clear vision of the mission to be 
accomplished and everyone is on the right path to achieve it. In the opposite view, 
the organizational culture resistant to change is a strong barrier to its implementa-
tion, since employees understand the digital transformation as something uncertain 
and of high risk. Clear examples of a lack of vision and organizational culture for 
digital transformation include the bankruptcy of the Blockbuster movie rental com-
pany and the Washington Post, largely a result of these companies’ inability to rap-
idly develop and implement new digital business models [96]. On the other hand, in 
an effort to support its digital transformation initiative, Publicis Groupe bought a 
company called Digitas. The acquisition of Digitas was used essentially to drive the 
total transformation of Publicis Groupe, as Digitas, as a start-up, was used to change 
and rapid decision-making [97].

No less important, we identified education and training with around 20%, which 
was also reinforced by the interviewees as an indispensable factor when any type of 
change occurs, be it social, economic, or technological. Employees must be trained 
and specialized to improve the use of modern technologies in the company; other-
wise, the incorrect use of equipment can impact the company’s and the individual’s 
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performance, which can result in damage to operational results, personal demotiva-
tion, and dissatisfaction with the work. In this regard, it was possible to attend train-
ing sessions in the context of the use of new disruptive technologies. Participant 
observation included the collection of photographic data and feedback from work-
ers on the practical effects of the sessions held by the company. The behavior and 
reactions of workers made it possible to identify that training is one of the main 
instruments that contribute to the acceptance of the implementation of new tech-
nologies. Although, during the observation, it was possible to affirm some initial 
resistances. After some time, employees end up realizing that the features of the 
technologies only came to improve their performance, instead of fearing the elimi-
nation of their jobs. According to the McKinsey Global Institute, to emerge stronger 
from the COVID-19 crisis, companies must start reskilling their workforce now 
[98]. These virtual practices may decline slightly as economies reopen, but will 
likely remain above pre-pandemic levels. McKinsey Global Institute gives the 
example of a pharmaceutical company with more than 10,000 sales representatives 
that quickly went from an offline model to a 100% remote model [98]. The com-
pany now plans to make a 30% online, 70% offline working model permanent, 
thereby leveraging the newly developed skills of its sales representatives [98].

It also makes sense for people to get engaged (13%) before, during, and after the 
digital transformation process. Employees must feel part of the process, their opin-
ions must be heard, their work must be monitored and, thus, the group’s synergy 
will bring better results. Disney is a prime example; to capture the hearts and minds 
of its employees, Disney carefully crafts internal messages so that they are highly 
engaged [99]. Although the use of technologies may imply greater physical distanc-
ing, during participant observation, we found that when employees get involved in 
the search and implementation of solutions, they feel more available to collaborate. 
That is, when questioned, they felt that the project was not only the company’s but 
also theirs.

Leadership (10%) will also help in the implementation of a digital transforma-
tion strategy, as the leader of the digital transformation projects must be able to 
clearly convey the objective, trace the way forward, motivate and help his employ-
ees to move in that direction. When digital transformation first appeared on the 
radar, there were no prepared executives with deep experience in digital technolo-
gies. Today we have an entire workforce of digitally fluent talent who have worked 
at big companies like Amazon and Google [99]. Other factors were also pointed out 
during the formal interviews and direct participation, such as the innovation strat-
egy, market analysis, outsourcing, cost vs. return analysis, and quality control man-
agement. However, since these instruments had a less significant impact, we 
consider only the most relevant for discussion.
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4.3  Opportunity and Challenges of Digital Transformation

The data revealed that in the logistics and retail sector, the opportunities for digital 
transformation outweigh the challenges. The argument used by more than 50% of 
respondents is that digital transformation increases efficiency, effectiveness, and 
productivity (Fig. 5). In other words, technology is seen as an instrument that assists 
in the performance of human work, with a positive impact. It is, therefore, pointed 
out as a means that makes tasks and processes faster, more fluid, with the use of less 
time. From the analysis carried out, we found that the respondents’ arguments are in 
line with the literature in other contexts [100, 101] insofar as modern technologies 
make complex decisions in the analytical-cognitive field with less likelihood of 
error when compared to humans. However, we also verified that human work is also 
vital to avoid or minimize possible errors, reduce shortages, or product/service fail-
ure in the last mile.

With regard to the cost reduction, digital transformation is a double-edged sword. 
Thus, if, on the one hand, machines reduce labor costs due to automation, telework-
ing, etc., on the other hand, the initial cost of technological implementation is high, 
as it requires significant investments. Nevertheless, it was possible to ascertain that 
the inclusion of new technologies substantially improved the company’s competi-
tiveness vis-à-vis its competitors, by minimizing waste, aiding in decision-making, 
and transferring jobs to virtual channels during the COVID-19 pandemic.

As for the most relevant challenges, the most common was job loss. Although 
there is an awareness of the need for continuous improvement, the respondents’ 
perception is that the digital transformation can reduce jobs in the logistics sector. 
The implementation of new technologies will reduce the importance of the human 
being, but will also allow greater flexibility (e.g., teleworking). Thus, respondents 
understand that the digital transformation will leverage the emergence of technical 
jobs and the enhancement of human skills.

Fig. 5 Top three opportunities for digital transformation
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Finally, concepts such as teleworking are twofold, as it was identified as an 
opportunity and a challenge. That is, respondents identified teleworking as an 
instrument that offers greater autonomy, greater freedom and focus on work, in 
addition to reduction of travel costs. In the correspondents’ perspective, there is also 
no division of professional and personal space, which can result in environments of 
stress, burnout, loss of social bond with the company and colleagues, lack of work-
ing conditions, lack of creativity, and isolation. The line that separates the two per-
spectives is tenuous and, therefore, there must be an understanding on both sides to 
ensure that the employee has a balance between personal and professional life.

4.4  Mitigating the Effects of COVID-19 Through 
Disruptive Technologies

In the context of COVID-19, companies faced an unprecedented scenario that 
affected the management of their operations. In this case study, the unit of analysis 
studied was no exception and the results corroborate the idea that the pandemic 
affected the company by accelerating the digital transformation process. In view of 
the results, we present some contributions on how the digital transformation miti-
gated the effects of COVID-19.

As it is a logistics operator comprising a portfolio of fast moving consumer 
goods (FMCG) and pharmaceuticals, the effects of the pandemic directly affected 
the daily lives of these employees. First because, in the confinement phase, con-
sumption habits have changed and the gross demand from supermarkets and phar-
macies has increased the volume of orders for this type of merchandise. With 
emphasis on basic needs, tobacco, and some generic drugs, consumers preferred 
online and e-commerce gained expression in this sudden volume of orders. Within 
the scope of the participant observation, it was possible to verify that the company 
had to adopt digital tools to support the preparation of orders, namely, Google Sheet. 
This tool allowed a better management of orders, dimensioning of teams, and agility 
in the transport of goods.

Teleworking, in turn, was the biggest revolution for the logistics operator, since 
this measure was transversal to all administrative areas of the company to ensure the 
safety of all employees. In this regard, there was an investment in media (e.g., lap-
tops, smartphones, tablets) to ensure the normal daily working of the company. This 
situation was easily observed during visits to the company. The VPN settings have 
been adapted for all employees to access remotely. Digital conversation tools such 
as Skype, Zoom, and Microsoft Teams were also used, gaining expression as the 
preferred means of communication between teams and customers. The creation of 
Google Sheets made it easier to share information between departments. Some bill-
ing processes were improved through the creation of VBA code, to compose the 
face-to-face regime at the billing conference. The printing of paper guides on some 
customers has been replaced by digital sending. While the company faced a 
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considerable percentage of teleworkers, additional solutions had to be created for 
the periodic training process. In this regard, an e-learning platform with mandatory 
training was created. The company recognizes that this is a scenario affected by the 
pandemic, but that it will be adopted in the future with good feedback from employ-
ees and their managers.

While the pandemic revolutionized the day-to-day management, companies had 
to adopt new working methods and/or redesign the existing ones. Although the suc-
cess of digital transformations in the company has been boosted by the pandemic, it 
was fundamental for cultural change within the organization, whose focus was inno-
vation and continuous improvement. It is thus evident that the digital age is increas-
ingly revolutionizing the organization and its stakeholders, in particular customers 
who demand greater responsiveness in digital media. The adaptation of the business 
model to the digital is the result of the desire to follow the market and be up to 
the needs.

In short, while COVID-19 affected the retail and logistics sector, it also served as 
a wake-up call to an emerging reality – the digital one. Thus, the modus operandi 
has been increasingly focused on e-commerce, e-learning, teleworking, innovative 
organizational culture, and continuous improvement. Which, in turn has been seen 
as a mitigating force for the effects of the disease, but also a driving force for digital 
transformation. In the post-COVID-19, the logistics operator under analysis in this 
article hopes to invest in new technologies, aiming at a greater integration of robotic 
and artificial intelligence technologies in the logistics process, while intending to 
maintain the advances made in the digital field.

5  Conclusion

This article aims to fill a gap in the literature in the context of the digital transforma-
tion process and how technological advances in the retail sector have mitigated the 
effects of COVID-19. To do so, we used a case study research that is justified by the 
need to deal with a timely phenomenon and about which little is known. The discus-
sion section is divided into sections that aim to provide an organized and broad view 
of the article, as such we focus the key findings into theoretical and managerial 
contributions, as well as presenting the research limitations and suggestions for 
future research.

5.1  Theoretical and Managerial Contributions

We have identified several key findings. The first concerns the foundation of a new 
customer profile and what is the effect of the digital age prior to the COVID-19 
pandemic. This profile is due to the development of new digital skills and the adop-
tion of disruptive technological means that enables a greater connection with 
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companies. The second contribution refers to the identification of a gradual transi-
tion from I4.0 concepts to the traditional retail sector. In other words, we found that 
retailers and logistic operators have been looking for technologies that allow them 
to establish new digital interactions with customers and employees. The third and 
most relevant finding concerns the COVID-19 epidemic and its impact on the rela-
tionship with consumers and retail professionals. In that regard, we identified struc-
tural and managerial instruments that allowed the development of advances in the 
field of digital transformation, as is the case of: (1) obtaining resources; (2) develop-
ing an organizational culture that promotes change; (3) training employees; (4) 
engaging them in processes; as well as (5) leadership that can provide the right 
guidelines. The instruments identified above are in accordance with the categories 
we identified during the literature review (cf. Sect 2). However, the novelty of this 
work, in addition to the identification of structural and managerial instruments, was 
its empirical validation, classification according to their degree of importance (see 
Fig. 4), and expanded discussion in light of the current phenomenon of COVID-19. 
In addition, we also identified the organizational changes that made the mitigation 
of the COVID-19 effects possible, such as the increase in e-commerce, e-learning, 
teleworking, innovative organizational culture, and continuous improvement.

This article also aims to encourage other companies in the sector to follow a 
similar path or to complement the knowledge acquired with new and relevant infor-
mation. In particular, to bring to the discussion more structural and managerial 
instruments or expand organizational changes that are capable of efficiently mitigat-
ing the COVID-19 effects. It is important to note that COVID-19 had a disruptive 
effect on companies and reinforced the importance of digital transformation through 
scenarios that forced both consumers to adopt other means of relationship with 
companies and companies that had to quickly respond to market demand. While the 
digital transformation is back at the center of corporate strategies (if it ever ceased 
to be), academics and professionals must be prepared to describe this new phenom-
enon, which may arise again in the future and that may once again contribute to the 
promotion of the digital trend. It is important to mention that this research is far 
from complete, as we are just beginning to really understand the true impacts of 
COVID-19 on retail. Thus, a greater number of studies that deepen the theme are 
needed to ensure a more comprehensive understanding of the topic.

5.2  Limitations and Suggestion for Future Research

This research is not free of limitations. With regard to the systematic review, this 
research presents a snapshot of the reality, since the Scopus database is constantly 
being updated. Therefore, it is expected that the results of this research are restricted 
to the moment in which it was carried out. It is also likely that relevant manuscripts 
were left out of the analysis due to the application of filters. Although PRISMA 
allows the incorporation of documents that, in the researcher’s perspective, are rel-
evant. This research is limited to the Portuguese reality as qualitative case studies by 

M. Lopes et al.



393

definition are non-representative due to the limited sample size [62]. In our opinion, 
the presented results are a good starting point, but they do not have the conditions to 
guarantee generalization. In other words, the results must be validated in other 
countries, inside and outside the European context. Future research may also con-
sider conducting a quantitative and more comprehensive post-pandemic study to 
analyze the effects of COVID-19 on the retail industry. In particular, on those orga-
nizations that have chosen not to invest in digital technologies, but also the 
COVID-19 effects on companies in which they have chosen to do so. The under-
standing and description of the new coronavirus phenomena is very relevant as it 
allows companies and citizens to be better prepared for similar future events. It is 
for this reason that, in addition to the current contribution of this article, we also 
hope that it will encourage other researchers to analyze the impacts of COVID-19 
on logistics and retail companies.
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Technician Routing and Scheduling 
Problem: A Case Study

César Nunes and Manuel P. Lopes

Abstract The problem of routing and scheduling of technicians is a problem that 
technical assistance and maintenance companies face nowadays, market competi-
tiveness requires quick response, service diversification, and customer satisfaction. 
The relationship between competitiveness and profitability of companies involves 
the effective management of their resources. The work developed addresses a real 
problem of a major Portuguese company providing technical assistance to the home, 
a varied set of services (need for specific skills and execution times) must be sched-
uled for a set of technicians with heterogeneous skills and geographical locations 
(start and end of the route) based on their different places of residence. The results 
show a considerable increase in the efficiency levels of the solution obtained when 
compared to the company’s current solution and reveals that the lack of homogene-
ity of skills among technicians and the variation in service flows are factors that 
should be considered in the operational management of resources and the contract-
ing of work, and that the increase in working hours can also contribute to improving 
the efficiency of the process.
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1  Introduction

The problem of routing and scheduling of technicians (TRSP) is a problem that 
technical assistance and maintenance companies face nowadays, market competi-
tiveness requires quick response, service diversification, and customer satisfaction. 
TRSP in its static definition treats a limited team of technicians who must meet a set 
of services, it can be seen as an extension of VRPTW where technicians play the 
role of vehicles. In TRSP, each technician has a set of skills, tools, and spare parts, 
while services require a subset of each. The goal is to determine a set of routes so 
that each service is performed exactly once in its time window by a technician with 
the required skills, tools, and spare parts. TRSP naturally has a wide range of appli-
cations from telecommunications, healthcare, and maintenance services. Technicians 
generally start their daily route from their home with a set of tools and parts that 
enable them to meet an initial set of services; during the day, technicians can replen-
ish tools and parts at a central depot and thus meet more services. Tools are treated 
as renewable assets and parts as consumables. TRSP presents restrictions on com-
patibility between technicians and services, although skills are intrinsic attributes, 
technicians can load different tools and parts [1].

The DTRSP addresses the problem in a scenario in which new requests arise 
while technicians execute their route; in this type of scenario, two types of decisions 
must be made in real time: first, whenever the technician finishes a request, it must 
be decided what will be the next request; second, whenever a new request appears, 
the algorithm must decide whether it is possible or desirable to accept it or not. 
Rejection of a new request leads to a cost penalty corresponding to its outsourcing 
or postponement of the request [1].

2  Literature Review

The Technician and Task Scheduling Problem (TTSP) family consists of five types 
of problems [2]:

• Technician and Task Scheduling Problem (TTSP)
• Technician routing and scheduling problem (TRSP)
• Service Technician Routing and Scheduling Problem (STRSP)
• Multi-period Field Service Routing Problem (MFSRP)
• Multi-period Technician Routing and Scheduling Problem (MTRSP  – Multi- 

period Technician Routing and Scheduling Problem)

This typology of problems is classified as NP-hard, that is, there are no known 
algorithms that can solve them in polynomial time, for large instances the exact 
solution techniques are not applicable to these problems, so the approximation tech-
niques despite not guaranteeing the optimal solution find good quality solutions 
with computational times considered reasonable [3].
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TTSP addresses the allocation of technicians to tasks with skill requirements that 
must be met [2]. TTSP was the basis of the ROADEF 2007 challenge, a biannual 
competition proposed by the French Operational Research Society in 2007 being 
that the problem used a real dataset provided by France Telecom with data instances 
ranging from 500 to 800 jobs for a set of 150 technicians.

TRSP can be seen as an extension of the vehicle routing problem with time win-
dows (VRPTW) where additional constraints such as skills, tooling, and spare parts 
information are addressed; however, it does not include the complexity of team 
formation or precedence [4]. In an extension of the VRP to a TRSP, skill require-
ments are generated for each job and teams depart from headquarters to visit a set 
of customers. This version does not consider some constraints present in the 2007 
ROADEF challenge problem, such as precedence relationships, priority levels, 
unavailability of technicians, length of the working day, and outsourcing; however, 
it does contemplate the complexity of routing [5].

Adaptive large nearest neighbor search (ALNS) heuristics have been used to 
solve problems such as TTSP and TRSP [5, 6] – they use several destructive and 
repair operators. A destructive operator removes a part of the current solution, and 
the repairer reinserts the destroyed tasks back into the solution. Each repair and 
destruction operation is tracked in order to increase the probability of always select-
ing the best performing operators and a consequent good quality solution.

The greedy random search procedure (GRASP) was one of the techniques used 
to solve the TTSP in the ROADEF 2007 contest [7]; this approach was so successful 
in a way that it won the contest. The solution is obtained through the greedy algo-
rithm that iteratively selects the best decision at each step of the process, while local 
search is used to improve the solution in a small amount of time. The process is run 
until the best solution is found.

Local search, another method used to solve the 2007 ROADEF challenge [8], 
obtained the second place through a process where initially an initial solution is 
built through a greedy heuristic and then, in an improvement phase, operators are 
iteratively applied in order to improve the solution.

The intelligent decision heuristic was developed to tackle the TTSP instances for 
the ROADEF 2007 challenge [2]; it was characterized by building different team 
configuration scenarios at each stage of the allocation process and operators provid-
ing flexibilities in team configurations.

The parallel matheuristic was proposed to solve a TRSP [4] that included many 
constraints; the process is composed of three phases, a construction algorithm, a 
parallel ALNS, and a post-optimization mathematical programming phase. The par-
allel ALNS takes advantage of parallel architectures which results in significant 
computational acceleration.

The dynamic technician routing and scheduling problem (DTRSP) presents the 
main constraints of real problems, routing, time windows, skills, tools, and spare 
parts. It handles the new service requests in real time as the scheduling is imple-
mented, this particularity allows the allocation of urgent services.

DTRSP [1] admits requests over time through a fast reoptimization approach 
based on a parallel ALNS that produces a new routing plan each time a new request 
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comes in and a multi-plan approach that continuously optimizes a set of routes, 
these plans are used to make routing decisions.

The DTRSP, given its dynamic aspect, is the one that gathers the largest set of 
characteristics that could be linked to our problem.

3  Problem Description

This study addresses the real problem of a company that provides, among other 
services, technical assistance to home appliances. The typology of services varies 
between the type of equipment (large domestic, brown line, air conditioning, and 
water heating equipment) and the type of service provided (repair, maintenance, 
inspection, and installation). The services can arrive through the customer’s tele-
phone contact or through digital platforms; in the first case, the scheduling is carried 
out during the same telephone call; in the second case, the service must be sched-
uled with the customer within a maximum period of 24 h after its receipt. A strategy 
implemented in the company is that all services are always scheduled with the cus-
tomer, the scheduling may be conditioned by customer availability; however, if 
there is a time window, it is provided by the operator to the customer. Scheduling 
with a time window can be seen as a strategy to increase the quality of service to the 
customer; however, this strategy can in part be replaced by a contact prior to the 
visit of the technician to the customer. In the real case of the company, regardless of 
the existence of a time window, for all assistances, the technician makes telephone 
contact with the customer before starting the visit.

The considerable number of technicians, the diversification of the typology of 
services, and the wide range of equipment on the market lead to heterogeneity in the 
skills of the technicians, so through their training, certification, and tools, skills are 
assigned to the technicians. Due to the specificity of each service, different times are 
needed for its realization; these times are essential to define the daily route of a 
technician because they must be added to the time used in travel.

The problems of the TTSP family present in general a set of additional con-
straints similar to the problem under study; however, there is a set of particularities 
of the problem under study to be considered:

• All technicians leave at the beginning of the working day from their residence 
and return at the end of the working day to their residence. The total time of a 
working day must contemplate these two journeys.

• All technicians have all the necessary tools in their vehicles to carry out the asso-
ciated tasks.

• The supply of spare parts is not contemplated in the route since, in general, the 
parts are sent by carrier to the technician.

• The total time of the route for a day’s work should include the time necessary to 
carry out the service; a day’s work should be the sum of the journeys plus the 
sum of the times necessary for the interventions.
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• The formation of teams is not contemplated, the services that require more than 
one technician are associated with one technician with a helper.

• The time windows define the arrival time of the technician to the service with a 
two-hour gap.

• The times to carry out the services vary according to their specificity.
• After being scheduled with the customer, the day and time (if applicable), can no 

longer be changed.
• The time frame for scheduling is variable depending on customer availability or 

quantity of service to be carried out.
• The objective is for all technicians to have a full agenda before starting the work-

ing day; however, when this is not possible the scheduling of service for the 
technician may be carried out on the day itself.

• The speed of response to a service may detract from the cost of a route.
• Service outsourcing is not contemplated.
• There are no precedence relationships between jobs.
• The lunch break is defined by the technician; the time windows applied allow the 

technician to manage this.
• There are no priority levels established for the services.

4  Solution Approach

Considering the specific characteristics of the problem under study and the need to 
obtain good solutions in a very short computational time, which allow the fast con-
struction of operational decision support scenarios, the option goes for constructive 
heuristics commonly used in solution construction processes in meta-heuristic 
approaches. Based on the literature review, two constructive heuristics were consid-
ered: the cheapest insertion heuristic and the cheapest insertion heuristic with regret. 
Regret heuristics not only consider the minimum insertion cost, but they also con-
sider the second lowest cost, the third lowest cost, and so on. In generality the heu-
ristic (Regret-n) computes the part with the largest cost difference between the 
lowest cost insertions and the n − 1 next lowest cost insertions [9]. For instances of 
250 or 500 services, the least cost insertion heuristic is able to produce lower cost 
solutions compared to the regret heuristic [10].

The goal of the algorithm is to fill the first work day for all technicians. In the 
insertion phase, it tests the first service without scheduling by going through the 
schedules of all technicians with the necessary skills for its realization until it can 
allocate it in the route of a technician at the lowest cost. If the algorithm cannot 
insert the service on the first day, it remains unscheduled until the algorithm moves 
to the second day and so on consecutively until it is possible to insert it.

The working day of a technician consists of 8 h (480 min), the route of the tech-
nician calculated in minutes includes the time of travel from home to the first ser-
vice, the travel time between services, and the return time from the last service to 
his residence. Travel times are obtained using the service geographic coordinates 
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and the Geodist function [11], with an average speed of 60 km per hour and adjust-
ment of 15% compensation for differences between linear and road distances. The 
breaks in the working day are at the discretion of the technician and are not foreseen 
in the algorithm.

Scheduling is a continuous process throughout the day; however, the process of 
creating new services is generally a process that takes place at certain periods in 
the day.

The service data matrix contains the service geographic coordinates, service cod-
ing, and status. The definition of the service status is characterized by the numbers 
zero (service still to be scheduled), one (service allocated by the algorithm), and two 
(service already scheduled with restriction on the technician, day, and time win-
dow), for services characterized with status two, the day, technician, and time win-
dow cannot be changed.

The time windows are a restriction of the problem, the existence of services 
already scheduled for a particular technician, day, or within a certain time window 
results from cases where there is a time window at the customer’s request or by 
commercial imposition in which the appointments must be made on a particular day 
within a specific time window. The beginning of the time window is not a fixed time 
of arrival of the technician to the service, for example, for the time window 10–12 h, 
it is indicated to the customer in the schedule that the technician has an estimated 
time of arrival between 10 and 12 h.

The times of completion for each type of service are obtained through the aver-
age time used by all technicians with that skill in the last 6  months, these are 
approximate values of reality; however, there are factors not considered that may 
lead to deviations in these values:

• The time used for the same repair varies from technician to technician, this factor 
comes from the existence of different diagnosis/repair methods, level of knowl-
edge and experience among technicians.

• Within the same type of service, the service time varies between equipment and 
type of fault, there are faults that can be resolved quickly and faults that are more 
complex.

The times established for a technician’s workday may be conditioned by the 
variation in intervention time, but also by other external factors such as customer 
delays, customer absences, and traffic situations that condition travel times. These 
factors make it unfeasible to apply fixed timetables for the arrival of the technician 
to the customer, thus, for cases where a time window is applied, this is provided to 
the customer in the form of a period of time.

The verification of the time window is contemplated in the algorithm during the 
insertion process, this verification is performed:

• To the left of the insertion: the sum of all service times and travel times must be 
less than the start time of the time window,

• To the right: the sum of all service times and travel times must be less than the 
end time of the time window

C. Nunes and M. P. Lopes



405

The algorithm was developed in the Excel platform using the VBA language. 
The algorithm pseudocode is shown in Fig. 1.

The tests were performed with a set of 350 services referring to the year 2020 
and 2021; from 2020 are the services of the end of the year that were not scheduled 
(unreachable customers) and those that were scheduled for 2021; regarding the ser-
vices of 2021 are the processes created in the first two working days of 2021. Table 1 
shows the comparison of the results between the current solution and the algorithm’s 
result for the first day.

The result of the algorithm is an increase of 18 more services in relation to the 
current solution, which translates into a reduction in travel time.

For the analysis of the algorithm performance, three performance indicators 
(KPI) were created.

Algorithm 
Input: Matrix of services 
Output: Scheduling of services 
Begin 
iday ← 0  
while termination criteria not met do
    iday ← iday+1  
    mcs ← 0 
    min_cost ← M
    for each service do 

for each tech do 
if tech is skilled for the service then 

                if service duration < route time available then
travel_time ← Call Geodistance 
ins_cost ← Call Cheapest Insertion Heuristic 
if ins_cost < min_cost Then 

           if travel_time +service duration <= route time available then 
if time windows of next firm services are not violated then

min_cost ← ins_cost 
        mcs ← service 
  end if 
           end if 
      end if 
  end if 
           end if 
      end for 
  end for 

if mcs > 0 then 
      Call Insert_Service
  end if 
loop 
End 

Fig. 1 Algorithm pseudocode
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Table 1 Comparison between solutions

Actual solution Algorithm

Number of scheduled services (SA) 126 146
Number of technicians used (TU) 25 25
Travel time (TD) (min) 3956 3182
Service time (TS) (min) 6900 7925
Idle time (IT) 1144 893

Table 2 Performance analysis for the first day

Actual solution (%) Algorithm (%)

RT 63.6 71.4
EA 57.5 66.0
EG 90.5 92.6

 1. The routing efficiency (RT):

 
RT TS

TD TS
�

�
�
�
�

�
�
��100

 (1)

 2. The algorithm efficiency (EA):

 
EA TS

TT
� �100

 (2)

 3. The global efficiency (EG):

 
EG TI

TT
� ��
�
�

�
�
��1 100

 (3)

where TT is the total availability time of all technicians for one working day.
Table 2 presents the results obtained in the performance analysis for the first day. 

The result of the algorithm for the first day shows better results in all performance 
indicators relative to the current solution.

The constraints associated with the problem can condition the results of the algo-
rithm, a sensitivity analysis to its constraints is required. The tests are performed 
with the instances and scheduling sequences for the results obtained on the first day.

For this analysis four different scenarios are tested:

• Scenario 1 – Large Service Time Windows (TW)
The first scenario analyzes the use of larger service time windows, the periods of 
the day (morning/afternoon), i.e., the existing time slots in the morning shift 
from 2 to 4 h in the morning and the existing time slots in the afternoon shift 
from 2 to 4 h in the afternoon.
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Table 3 Results of the four tested scenarios

Actual 
solution Algorithm

Large
TW

Small
TW HS DH

Number of scheduled services 
(SA)

126 146 149 144 154 150

Number of technicians used (TU) 25 25 25 25 25 25
Travel time (TD) (min) 3956 3182 3187 3203 2899 3087
Service time (TS) (min) 6900 7925 8075 7825 8325 8100
Idle time (IT) 1144 893 738 972 776 813
RT 63.6% 71.4% 71.7% 71.0% 74.2% 72.4%
EA 57.5% 66.0% 67.3% 65.2% 65.2% 67.5%
EG 90.5% 92.6% 93.9% 91.9% 93.5% 93.2%

• Scenario 2 – Small Service Time Windows
The second scenario uses shorter than existing service time windows, one-hour 
windows.

• Scenario 3 – Homogeneous Skills (HS)
The restrictions associated to technicians’ skills may condition the allocation of 
service to technicians holding a lower number of skills, the third scenario consid-
ers that technicians hold homogeneous skills.

• Scenario 4 – Departure from Headquarters (DH)
The distribution of technicians associated with the location of services can affect 
the performance of the algorithm; the fourth scenario considers that technicians 
start and finish their routes at the company’s headquarters.

Table 3 presents the results of the four tested scenarios.
The routing efficiency (RT) in relation to the algorithm’s result increases slightly 

for the large time windows scenario and decreases slightly for the small time win-
dows scenario. There is a 1% increase when all technicians start at the company’s 
headquarters, the most relevant increase occurs in the scenario where the techni-
cians’ skills are homogeneous, 2.5% with respect to the algorithm’s solution and 
10.6% with respect to the current solution.

The efficiency of the algorithm (EA) increases with respect to the algorithm’s 
solution for the scenario of large working hours, departure from headquarters and 
homogeneous skills (greatest increase, 3.4%). It decreases slightly for the small 
time windows scenario.

Overall efficiency (EG) decreases in relation to the result of the algorithm for 
small time windows and increases for the scenario of large time windows, homoge-
neous valences and departure from headquarters. In this indicator, for the first time, 
the large time windows scenario presents a better result than the homogeneous 
valences scenario.
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5  Conclusions

The work developed addresses a real problem of a major Portuguese company provid-
ing technical assistance to the home, a varied set of services (need for specific skills 
and execution times) must be scheduled for a set of technicians with heterogeneous 
skills and geographical locations (start and end of the route) based on their different 
places of residence. An algorithm to solve the DTRSP, based on the cheapest insertion 
heuristic was developed and implemented in the Excel platform using VBA. For the 
analysis of the algorithm performance, three performance indicators (KPI) were cre-
ated and computational results show an overall increase in all of them, comparing the 
efficiency levels of the solution obtained to the company’s current solution. The 
results also reveal that the lack of homogeneity of skills among technicians and the 
variation in service flows are factors that should be considered in the operational man-
agement of resources and the contracting of work, and that the increase in working 
hours can also contribute to improving the efficiency of the process.

For future work, we propose the comparison of the results of this approach with 
exact and metaheuristics approaches and perform more extensive computa-
tional tests.
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Application of Fuzzy Methodologies 
in Navy Systems Maintenance

Suzana Lampreia , Teresa Morgado , Helena Navas , and Inês Mestre

Abstract In an environment of scarce resources, enhancing the ship’s performance 
by minimizing equipment intervention actions and maintaining safety standards is 
an actual challenge. Ships, not yet autonomous, are maritime means that transport 
personnel and systems. Their good condition is a permit for the safety of personnel 
and material, avoiding damage to the ship itself and possible occurrences of pollu-
tion at sea or damage to other systems  – seafarers and people outside the east. 
Companies, organizations, and the scientific community with an interest in   ship 
maintenance management have been developing advanced systems for monitoring 
ship equipment; to prevent malfunctions and have on-site knowledge of the state of 
the equipment. These systems use condition control techniques and data processing 
through algorithms, statistical systems, and other methodologies. The methodology 
that will be developed and applied in this investigation is Fuzzy. The equipment 
chosen for the case study is a fire pump from an ocean patrol vessel, which is a vital 
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equipment on board, and which is part of the equipment selected by the Technical 
Management of the Organization understudy to monitor operating hours and opera-
tional status.

Keywords Fuzzy · Maintenance · Risk · Ship · Equipment

1  Introduction

The importance of maintenance as a production support activity has become unques-
tionable due to its vast contribution in terms of operability and improvement of 
physical assets.

In this context, the concept of maintenance management was developed, defined 
by Instituto Português da Qualidade (IPQ) [1] as “all management activities that 
determine the objectives, strategy and responsibilities regarding maintenance and 
that implement them by various means such as planning, controlling and supervis-
ing maintenance and improving methods in the organization, including economic 
aspects.”

Maintenance planning concerns all activities related to developing of a regularly 
scheduled work program to ensure the satisfactory operation of the equipment and 
avoid serious problems [2].

On the other hand, maintenance control and supervision are related to the various 
aspects that must be monitored to ensure the correct implementation of maintenance 
management [3]. According to Morvay and Gvozdenac [4], any management sys-
tem comprises an organizational structure supported by three main aspects: proce-
dures, people, and technology to control and optimize the use of resources and 
ensure the fulfillment of the company’s objectives.

An information system can support the maintenance planning, execution pro-
cesses to ensure the management of work lists, inventory, procedures and technical 
specifications, scheduling, and resources management. It can also conduct to trans-
mission of interventions requests, monitoring, and spare parts reporting and cost 
control management. In this logic, the role of technology appears as a need for an 
information system closely connected to all relevant company assets and as a valu-
able tool for operators to ensure more reliable interventions [5].

However, no management is easy, and the maintenance management of maritime 
assets is complex due to the uncertainties and constraints involved, such as weather 
conditions [6].

If objectives like reducing the number of accidents, developing a flexible and 
multifaceted organization, improving production efficiency and, for example, creat-
ing a more accessible and perceptible system for all the people involved are achieved, 
then it can be said that the fundamental reasons for maintenance management are 
also being fulfilled, maximizing profit and offering a competitive advantage to the 
organization. This varied set of arguments has led to the choice and implementation 
of the “ideal model” no longer just a vague thought to become a recurring topic of 
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research and a fundamental issue to achieve the effectiveness and efficiency of 
maintenance management [7].

In the context of maintenance management, with the objective of minimizing 
unexpected breakdowns, the Fuzzy methodology was chosen to develop a decision 
support model in the context of the maintenance of a ship fire pump.

2  The Fuzzy Methodology in Maintenance

Fuzzy logic came to give some answers regarding data that are neither false nor 
entirely true. This logic can develop a system for decision-making based on inputs 
of linguistic variables and, therefore, often vague and subjective from a mathemati-
cal point of view [8]. This methodology is used to express the absence of a clear 
boundary between sets of information [9]. According to Ierace and Cavalieri [8], 
this technique is suitable for maintenance since the authors consider that, for the 
most part, the general objectives of maintenance are intangible and depend on the 
worker’s experience. However, according to the same authors, this method is some-
times too subjective, making it difficult to assess the importance of each objective, 
and the ability of each maintenance policy to achieve them.

2.1  Fuzzy Process

This methodology is suitable for working with imprecise human reasoning because 
it considers experience and knowledge. It also provides a mathematical framework 
to model the uncertainty of human cognitive processes that can be controlled by a 
computer [10].

To accomplish the Fuzzy methodology appliance, various steps and phases 
inherent to Fuzzy Logic process were considered [11]. The phases of this study and 
the Fuzzy steps are identified in Fig. 1 [11, 12].

Fuzzification is the process that converts input data into fuzzy values   using mem-
bership functions. At this stage, the degrees of belonging of the elements are deter-
mined. In addition, as an essential process step, the specialist’s contribution to the 
phenomenon under study that is intended to be modelled is usually justified [13]. 
On the other hand, the inference is the process that aims to enable a system action 
by evaluating the compatibility of the inputs with the conditions stipulated by the 
rule base. The number of fuzzy output sets must equal the number of stipulated 
rules [14].

Four types of inference methods are commonly discussed in the literature: the 
Mamdani model and Larsen’s model. In these models, the antecedent and conse-
quent are fuzzy propositions. The Tsukamoto model differs from previous models. 
The consequent is represented by a monotonic membership function. The 
Takagi- Sugeno model, in which the difference lies in the consequent being a 
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Fig. 1 Phases of study and steps in a fuzzy system. (Source: adapted from [7, 11, 12])

polynomial function [15]. It should be noted that the four methods differ only in the 
consequent.

Defuzzification is the step in which the system’s output values   are calculated 
based on the inference process and according to the belonging functions of the lin-
guistic variables. The number of rules stipulates the number of outputs; if, for exam-
ple, five rules are determined, then there will be five output values. However, there 
can only be a single final response value determined on a case-by-case basis since it 
has to be the one that best reproduces the region obtained through the output values 
[16]. There are several defuzzification methods, such as the Center of Gravity 
(COG), Center of Area (COA), and Mean of Maximums (MOM), among others. 
Only because it is the most used and referred to by various authors, in the present 
investigation, the authors chose to use the COG.

COG finds the point where a vertical line cuts the fuzzy set into two equal parts. 
The method finds a center of gravity of a set A in an interval ab. Mathematically, the 
COG can be calculated in at least two ways; the first, presented in Eq. 1 [12].
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The second way is presented in Eq. 2; the COG is calculated through an estimate 
obtained through a sample of points [10].
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The symbols and their definitions in Eqs. 1 and 2 are as follows:

a and b represent an ab interval
x is the variable
μA is the degree of membership in relation to the fuzzy set A

Following the example of age, the linguistic variable is age, which can take lin-
guistic terms such as young, middle-aged, or old, this phenomenon happens because 
usually, human beings express themselves in this way, in words instead of numbers 
[17]. Therefore, these linguistic terms can be described through fuzzy sets, which in 
turn are represented through membership functions that will be presented in the 
case study of this article.

2.2  Conjuntos Fuzzy

A fuzzy set A, belonging to a universe U, is defined through a membership function:

 
�

A
,x U� � � � �: 0 1

 
(3)

This membership function represents a fuzzy set through a set of ordered pairs 
given by:
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(4)

In which there is only one match, a real number from the range [0,1], for each 
element x. The closer the value of μA is to 1, the greater the possibility that the ele-
ment x belongs to the set A. This degree of belonging of the elements allows the 
occurrence of gradual transitions between true and false.

The gradual transition is given by:
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The membership functions use numerically translated linguistic terms that allow 
obtaining output values in the fuzzification and defuzzification stages, respectively. 
These functions can be of different types such as rectangular, triangular, trapezoi-
dal, and others, the last two being the most frequent in the literature [13]. Triangular 
and trapezoidal membership functions can be described through the following equa-
tions respectively (Eqs. 6 and 7) [18]:
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In the current state of the art, it is possible to find several examples of complex 
problems in which this logic has contributed to their understanding: as Meng Tay 
and Peng Lim [19] in its application in the manufacture of semiconductors, and 
Chung and Kim [20] in the wastewater prioritization.

The application of fuzzy logic has advantages and disadvantages. The advan-
tages are as follows: improves the handling of inaccurate data; facilitates the process 
of specifying the system’s rules; is more intuitive due to the use of words instead of 
numbers; facilitates the resolution of complex problems; provides faster develop-
ment of system prototypes [21]. Moreover, the disadvantages: it makes it difficult to 
analyze aspects such as optimization; the specialist’s experience and knowledge 
limit the accuracy of the fuzzy system; system is influenced by all its parameters, 
such as the method chosen for fuzzification, or the number of rules [22].

3  Methodology

The proposed methodology for implementing fuzzy logic assessing of the risk of 
failure of a fire pump on board a ship will contribute to determining the type of 
maintenance best suited to the reality in the organization and in the maintenance 
planning of assets. Therefore, the integration of this methodology within the scope 
of risk-based maintenance will then be demonstrated. The first step for implement-
ing of Fuzzy logic will be the choice of equipment to implement the methodology. 
In Fig. 2 is presented the Fuzzy methodology for a ship’s equipment [23].
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Fig. 2 Fuzzy methodology for a ship’s equipment

Fig. 3 Fire electro pump. 
(Original photo from the 
corresponding author)

4  Case Study: Fire Electro Pump

In this study, the fuzzy methodology is applied to the electro pump system (Fig. 3).
To build the fuzzy methodology with information about a fire electric pump is 

essential to mention that the ocean patrol vessel has several fire electric pumps. 
Electric fire pumps are selected equipment, which means that the number of operat-
ing hours is counted for their maintenance management and that it is considered a 
vital piece of equipment in the ship’s operation. The general characteristics of the 
electric fire pump shown in Fig. 4 are 100 m3/h of Capacity; Head, 99.6 m; 2950 l/
min of speed; 44.7 kW of power absorbed and 55 kW of electric motor power [24].

The basic preventive maintenance procedures for the fire pump are visual inspec-
tion, vibration measure, sealing organ substitution, pump external preservation, 
gauge calibration, and measure of insulation resistance.
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Fig. 4 Trapezoidal membership function

4.1  Fuzzy Parameterization

To perform the parameterization in the application of the fuzzy system, various 
simulation of criteria and its limits was taken. Finally, the frequency (F) of the fail-
ure was considered from remote to very frequent (4–<15), the operational impact 
(OI) from low to extremely high (0–<5), safety and environment impact (SI) from 
low to high (1–<5), low to high maintenance cost (MC) (1–<5). The consequence 
(C) is a result of the sum of OI, SI, and MC that contribute equitably. These criteria 
and limits were the ones that showed to be more applicable for the equipment per-
formance. This subject is not more detailed because of the conference article dimen-
sion limitation.

Table 1 presents the inference rules and Table 2 the risk level classification.
For the defined attributes and the considered situations, the risk calculation is 

presented in Table 3. And it was based, after various simulation, in Eq. 8:

 R F C� �  (8)

The membership functions used to convert the frequency input values into lin-
guistic terms, and the linguistic terms into output values are translated in Fig. 4.

The attributes levels that served as the basis for the developed methodology were 
defined based on the maritime maintenance expertise, and after various scenarios, 
simulation and attribution of various intervals values on considered criteria.

Based on the developed inference in fuzzy Logic, in the study of the ship’s fire 
pump, the obtained results were in a range between non-critical and critical.

There was no overlapping of results in the trapezoidal membership function, 
which translates into a sufficiently adjusted model. Despite the obtained results, we 
suggest the need to observe equipment operation under the present rules and maybe 
adjust it if necessary.
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Table 1 Inference rules

Rule no. Rule Rule no. Rule

1 If (F is MF) and (C is Ba) then 
(R is NC)

11 If (F is PF) and (C is Ba) then 
(R is NC)

2 If (F is MF) and (C is Mo) then 
(R is PC)

12 If (F is PF) and (C is Mo) then 
(R is NC)

3 If (F is MF) and (C is A) then 
(R is SC)

13 If (F is PF) and (C is A) then 
(R is PC)

4 If (F is MF) and (C is MA) 
then (R is C)

14 If (F is PF) and (C is MA) then 
(R is PC)

5 If (F is MF) and (C is EA) then 
(R is MC)

15 If (F is PF) and (C is EA) then 
(R is SC)

6 If (F is Fr) and (C is Ba) then 
(R is NC)

16 If (F is Re) and (C is Ba) then 
(R is NC)

7 If (F is Fr) and (C is Mo) then 
(R is PC)

17 If (F is Re) and (C is Mo) then 
(R is NC)

8 If (F is Fr) and (C is A) then 
(R is SC)

18 If (F is Re) and (C is A) then 
(R is NC)

9 If (F is Fr) and (C is MA) then 
(R is C)

19 If (F is Re) and (C is Ma) then 
(R is NC)

10 If (F is Fr) and (C is EA) then 
(R is C)

20 If (F is Re) and (C is Ea) then 
(R is PC)

F frequency, C consequence, R risk, MF high frequency, Fr frequent, PF infrequent, Re remote, Ba 
low, Mo moderate, A high, MA very high, EA extremely High, NC not critical, PC little critical, 
SC semi-critical, C critical, MC very critical

Table 2 Risk level classification

Risk level Value

Very critical R > 200
Critical 150 < R ≤ 200
Semi-critical 100 < R ≤ 150
Less critical 50 < R ≤ 100
Not critical R ≤ 50

5  Conclusion

The fuzzy methodology allows the measurement of human cognitive records, for 
which some criteria must be considered, and these must have several levels to be 
able to obtain a quantification of results through an algorithm.

Fuzzy logic converts text input data into fuzzy values   using membership 
functions.

The result of the algorithm can be a risk level that allows the perception of the 
urgency of performing maintenance on equipment.
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Table 3 Risk calculus result

Risk TL R

0 Not critical
12 Not critical
30 Not critical
48 Not critical
128 Semi-critical
36 Not critical
40 Not critical
110 Semi-critical
120 Semi-critical
182 Critical
200 Critical
150 Semi-critical

The fuzzy methodology was applied to a ship’s fire pump to serve as a decision 
support system for its maintenance.

In this decision support system, considering the methodology and method, the 
trapezoidal membership function did not result in overlapping results. It seems to be 
partially validated but must be subjected to a practical application under supervision 
of those responsible for implementing the system.

Applying fuzzy logic in ship equipment may help develop a decision support 
system in maintenance management of Portuguese Navy ships.

This methodology should be adapted and tested on other equipment.
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