
Springer Proceedings in Earth and Environmental Sciences

Fernando Luís Almeida
José Carlos Morais
José Duarte Santos   Editors

Multidimensional 
Sustainability: 
Transitions and 
Convergences
Proceedings of ISPGAYA 2022



Springer Proceedings in Earth  
and Environmental Sciences

Series Editors

Natalia S. Bezaeva, The Moscow Area, Russia

Heloisa Helena Gomes Coe, Niterói, Rio de Janeiro, Brazil

Muhammad Farrakh Nawaz, Institute of Environmental Studies,  
University of Karachi, Karachi, Pakistan



The series Springer Proceedings in Earth and Environmental Sciences publishes 
proceedings from scholarly meetings and workshops on all topics related to 
Environmental and Earth Sciences and related sciences. This series constitutes a 
comprehensive up-to-date source of reference on a field or subfield of relevance in 
Earth and Environmental Sciences. In addition to an overall evaluation of the 
interest, scientific quality, and timeliness of each proposal at the hands of the 
publisher, individual contributions are all refereed to the high quality standards of 
leading journals in the field. Thus, this series provides the research community with 
well-edited, authoritative reports on developments in the most exciting areas of 
environmental sciences, earth sciences and related fields.



Fernando Luís Almeida 
José Carlos Morais • José Duarte Santos
Editors

Multidimensional 
Sustainability: Transitions 
and Convergences
Proceedings of ISPGAYA 2022



Editors
Fernando Luís Almeida
Instituto Superior Politécnico Gaya
Vila Nova de Gaia, Portugal

José Duarte Santos
Instituto Superior de Contabilidade e 
Administração do Porto
São Mamede, Infesta, Portugal

José Carlos Morais
Instituto Superior Politécnico Gaya
Vila Nova de Gaia, Portugal

ISSN 2524-342X     ISSN 2524-3438 (electronic)
Springer Proceedings in Earth and Environmental Sciences
ISBN 978-3-031-24891-7    ISBN 978-3-031-24892-4 (eBook)
https://doi.org/10.1007/978-3-031-24892-4

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and 
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar 
or dissimilar methodology now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Paper in this product is recyclable.

https://doi.org/10.1007/978-3-031-24892-4


v

Preface

We are becoming increasingly aware that the resources made available by the planet 
are finite and that the planet has a limited regeneration capacity. The UN’s Agenda 
2020 has the merit of outlining a new vision of the planet and humanity as we know 
them, defining concrete objectives and indicators for their fulfilment, and it has the 
even greater merit of arguments that working in partnership, in a network logic, is 
the path to the feasibility of this agenda and the viability of acceptable scenarios for 
the planet in the short-, medium-, and long-term future.

The path to sustainability crosses the social, cultural, economic, political, and 
environmental domains.

The congress which ISPGAYA organized in Vila Nova de Gaia, Portugal, on 29 
and 30 September 2022 is based on the theme of sustainability, meeting the current 
academic, social, and political agenda.

In the same event are gathered several different areas: accountancy and fiscal 
organization; electronics and industrial automation; energy efficiency; information 
technology and cybersecurity; management and administration; marketing; mechan-
ics; sustainability and innovation; tourism and leisure.

Vila Nova de Gaia, Portugal Fernando Luís Almeida
  José Carlos Morais  
  José Duarte Santos  
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Introduction

Nowadays, the community of teachers, students, researchers, professionals and citi-
zens in general is gathered around the theme of sustainability. We are becoming 
increasingly aware that the resources made available by the planet are finite and that 
the planet has a limited regeneration capacity. The creation of wealth in the most 
diverse forms and the transformation of raw materials available on the increasingly 
globalised market entail the consideration of development scenarios, in their social, 
economic, technological and environmental aspects in an increasingly smart sense. 
The need for green goes hand in hand with sustainable development objectives out-
lined by the UN, foreshadowing scenarios for our planet that will necessarily lead 
to the issue of climate change.

The environmental issue is perhaps the most visible in an agreement that should 
combine the characteristics of being international, inter-institutional, multicultural 
and interdisciplinary. If the UN’s Agenda 2020 has the merit of outlining a new 
vision of the planet and humanity as we know them, defining concrete objectives 
and indicators for their fulfilment, it has the even greater merit of arguing that work-
ing in partnership, in a network logic, is the path to the feasibility of this agenda and 
the viability of acceptable scenarios for the planet in the short-, medium- and long- 
term future.

New forms of energy generation and use are at stake, circumventing the absolute 
dependence on solid fuels for human activity, making way for environmentally 
friendly technology. But the changes required are more complex than the mere 
application of new technology. The structural changes that have been identified 
refer to fundamental changes in the world status quo and are mainly social changes, 
prefiguring individual and collective action in various fields and a new vision on the 
political programming of local, regional and global development. A new planet is 
what is basically under discussion, and the changes may take longer than one might 
imagine, but we are on our way.

Issues of redistribution of wealth between social groups or financing the devel-
opment of countries with emerging economies are not easy to address these days, 
and indeed never have been in human history. But the notion of the association 
between indicators of social wellbeing and quality of life of populations and the 
wellbeing and health of the planet has never been so explicit as it is now. Waste 
production and its treatment, recycling, the issue of waste (in several domains), 
poverty, education or state action, social and environmental policies and the attitude 
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of organisations in terms of social responsibility are seen by public opinion as 
inseparable matters.

These days are also a reminder that old rifts between economic blocs are disrup-
tive in terms of international efforts towards sustainability. The theme of war 
between countries and economic and political blocs is very present, but it also 
invites to an urgent consideration of the use of new energy resources and a redesign-
ing of old dependencies and financial logics associated with the use of fossil fuels 
in such sensitive issues as domestic heating.

Basically, humanity is invited to rethink itself in terms of the consumption that 
characterises it, what to consume, by whom and under what conditions.

This path to sustainability crosses the social, cultural, economic, political and 
environmental domains. The development of new environmentally friendly technol-
ogy only makes sense when accompanied by new modes of production and con-
sumption, new configurations of productive design in organisations and of 
marketing. The objectives of production and consumption can no longer be restricted 
to profit and pure financial logic. The economic domain also necessarily has social 
dimensions.

The congress which ISPGAYA organised in Vila Nova de Gaia, Portugal, on 29 
and 30 September 2022 is based on the theme of sustainability, meeting the current 
academic, social and political agenda. This event brings together the different scien-
tific areas of this higher education institution and seeks to highlight the set of inter-
disciplinary and multilevel efforts to change the existing reality, supported by the 
affinity of ideas and attitudes, knowledge and practices.

Contributions from different national and international  institutions that inte-
grate the technological and scientific system were made, asserting the concertation 
of strategies at local, regional and global levels, and the interconnection between 
synergistic contributions of the living forces to mobilize towards the consolidation 
of the planetary sustainability over the next few decades.

In the event are gathered  areas  such as: accountancy and fiscal organisation; 
electronics and industrial automation; energy efficiency; information technology 
and cybersecurity; management and administration; marketing; mechanics; sustain-
ability and innovation; tourism and leisure.

It only makes sense to approach sustainability with a multidimensional approach, 
taking into account the transitions and convergences that have taken place, affirming 
it as the theme of reference for the academy and for organisations in general, in 
essence, for human action.

Keywords: Entrepreneurship; Smart cities; Technology innovation; Sustainabi- 
lity; Green technologies

Introduction
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 An Analytical Synopsis of the Contents of Each Part

 Accountancy and Fiscal Organization

A vast wave of change is making itself felt in an increasingly noticeable way in the 
sense that organizations, public and private, show to the outside, but also to their 
internal audience, sustainability concerns, and their indicators are seen by the set 
of employees closer or further away as indicators of security or guarantee of con-
tinuity in the medium and long term of these same organisations. The sustainability 
reporting of organisations is gaining ground, being appreciated by the insurance 
industry, credit entities, reflected directly in stock market prices and also in the 
reputation of companies. The public administration (local and national) is also in 
this collaborative logic, working in partnership and assuming the values of sustain-
ability indicators of central importance with the local populations. There are sev-
eral tools that can be used to achieve sustainability goals, being mandatory the 
references to ISO standards (international standard organization) that resulted, 
directly or indirectly, from the United Nations’s Green Agenda. These subjects are 
addressed in Chaps. 1, and 2.

 Electronics and Industrial Automation

This part starts with Chap. 3 and links induction heating, energy efficiency, eddy 
current, microprocessor and power electronics. Electromagnetic field (EMF) imag-
ing, magnetic field sensors integration, and electrical machines improvement are the 
issue of Chap. 4. Next, sustainability is the issue of the Chap. 5. In the same line, 
sustainability and energy saving are addressed in Chap. 6.

 Energy Efficiency

The part starts with Chap. 7. Sustainability and energy consumption are the subject 
of Chap. 8, aiming to analyse the hydrogen ecosystem in technical, economic and 
geopolitical aspects facing the international efforts in sustainable decarbonisation 
solutions and in the search for energetic independence.

 Information Technology and Cybersecurity

Chapter 9 approaches varying attitudes towards eBooks among individuals, specifi-
cally between male and female. Gamification, cybersecurity and lecturing are the 
subject of Chap. 10. In the Chap. 11, innovation is addressed as a key driver to meet 
the challenges of sustainability. Sustainability, active learning, soft skills, digital 
skills are addressed in Chap. 12. Sustainable education, sustainability, learning 
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environments and university education are the subject of the Chap. 13, following the 
methodology of integrative review of the literature. 

 Management and Administration

Entrepreneurship, sustainable entrepreneurship, higher education and social busi-
ness are the keywords of Chap. 14. Personality, sustainability, equity crowdfunding, 
asymmetric Information and venture finance are the issue in the Chap. 15. Private 
agricultural insurance is studied in Chap. 16. Chapter 17 examines how sustainabil-
ity is incorporated into decision making today and what might lead to strengthening 
the successful integration of sustainability into business activities. Next, in Chap. 
18, ISO 37120 and sustainable cities, sustainable development goals, sustainable 
development and urban planning are discussed.

 Marketing

Marketing has not been alien to the developments that can be placed in the area of 
sustainability, integrating a global movement that is called the green wave. The 
strategic vision on the design and production of products and services, with atten-
tion to factors such as pollution control, product reuse and recycling, is a current of 
thought that has been installed in the marketing area. This area considers as deter-
minant the marketing processes that starts internally, in the organization’s closest 
employees, counting on a contagion effect that will have positive impacts on the 
perspectives of stakeholders such as customers and society in general. This part is 
composed by Chap. 19, addressing issues such as sustainability, corporate social 
responsibility, brand image, brand value and structural equations.

 Mechanics

Chapter 21 links topics such as robotics, AGV, ArUco, Indoor navigation, OpenCV, 
Raspberry Pi, Arduino. Chapter 20 addresses alternatives to experimental and 
expensive tests by performing virtual testing and stress analysis through the use of 
finite element method.

 Sustainability and Innovation

House building, traditional lightning, intelligent lightning, plastic and copper reduc-
tion and sustainability are addressed in Chap. 22. Innovation, Society 5.0 and sus-
tainability are approached in Chap. 23. Next, Chap. 24 brings the issue of 
mathematics, statistics and modelling. In Chap. 25, sustainability is addressed based 
on a program were socio-emotional learning, executive function, wellbeing and 
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teachers are interconnected. Current times ask, also, for global questionings such as 
those addressed in Chap. 26. This part includes, also, the Chap. 27 addressing recy-
cling in cork industry.

 Tourism and Leisure

Chapter 28 brings some insights on qualitative approach to studies in tourism. 
Museums and tourism are addressed in Chap. 29. The importance of fairs to sustain-
ability is addressed in Chap. 30. In Chap. 31 is presented an embryonic approach 
embodied in an exploratory study that includes a brief survey of cases of sustainable 
use of the railroad heritage, and the study points to different degrees of relationship 
that museums establish with the community, involving it in their activities, which 
can be a reason for attracting tourists. Social responsibility and ethics are linked 
with education on “Approaches to Sustainable Tourism Through Education”. In 
Chap. 32 is given an managerial advice, suggesting that companies in the tourism 
sector should act essentially in the promotion of programs that involve leisure, holi-
days, culture, nature and gastronomy to obtain a greater impact, thus increasing the 
demand. The Covid-19 pandemic impacts, in the order of the day, are addressed in 
Chap. 33.

Introduction
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1Sustainability Reporting 
in the Portuguese Municipalities: 
An Empirical Analysis of the 25 Largest 
Municipalities

Fernando Pinto, Cristina Couto, Dulce Gomes, 
Joaquim Oliveira, Ronaldo Silva, and Domingos Oliveira

1.1  Introduction

In view of the growing global concern about environmental damage and its implica-
tions for everyday life, it means that the theme of sustainability is of a strong impor-
tance both at the business level and at the public level. It is because of these 
implications and the very evolution of society with regard to social demands and 
community life that are central to the theme of sustainability. Our huge productive 
economy leads us to an ever-increasing consumerism, leading to products being 
consumed, destroyed, replaced and disposed of at an accelerated rate. For this rea-
son, it is urgent to adopt a development model based on economic growth that inte-
grates social progress and the protection of the planet.

The sustainability report is an expression that was created in the preparation of 
the Rio +20 Conference.1 Therefore, this issue is relatively recent and is not yet a 
common practice between entities (private or public). The essence of the manage-
ment report is that communication on the economy, the social and the environment 
is crucial for governments and entities (private or public) to assess their contribution 
to sustainable development.

The sustainability report appears as a complement to traditional financial report-
ing and today the largest entities (public or private) voluntarily issue (or should) 
their sustainability reports, although it is not a common practice among all entities 
as it should be and many of these reported are not audited, although this affects the 
credibility of their information.

1 The United Nations Conference on Sustainable Development – or Rio +20 – took place in Rio de 
Janeiro, Brazil, on June 20 and 22, 2012.

F. Pinto (*) · C. Couto · D. Gomes · J. Oliveira · R. Silva · D. Oliveira 
ISPGAYA, Vila Nova de Gaia, Portugal
e-mail: fmpinto@ispgaya.pt

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
F. L. Almeida et al. (eds.), Multidimensional Sustainability: Transitions and 
Convergences, Springer Proceedings in Earth and Environmental Sciences, 
https://doi.org/10.1007/978-3-031-24892-4_1
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In addition to the importance of its content, the sustainability report allows 
benchmarking of entities that reveal the extent of the gap between them in terms of 
sustainability organizations and practices.

Together with financial information, the sustainability report is essential to 
understand and assess the contribution of organizations to sustainable development 
(economic, social and environmental).

According to Hahn and Kühnen (2013), the focus of the sustainability report had 
a historical evolution: in the 1970s, traditional financial reporting was sometimes 
complemented by social reports; in the 1980s, the focus shifted to environmen-
tal issues.

There are several frameworks for guiding the preparation of SR and for dissemi-
nating sustainability performance: The Global Reporting Initiative (GRI) is the 
most widely used framework for this purpose; International Organization Standards 
of Standardization (ISO) namely ISO 14001 – Environmental Management Systems 
and ISO 37120 – Sustainable cities and communities, which is of particular impor-
tance for this study, UN Sustainable Development objectives in accordance with the 
2030 Agenda, sector-specific reports, company-specific reports, etc.

Integrated reports should also be analysed in the future, integrating finances and 
SR into the same report. These frameworks are not mutually exclusive, and it is 
customary to find sustainability reports using and reporting according to various 
frameworks.

The biggest benefits of sustainability reporting are: transparency of sustainability 
data is the most important, but also: organizational governance, stakeholder engage-
ment and data comparability.

Referring to weaknesses or critical sustainability reports that need to be resolved, 
some are pointed out: only a few sustainability reporters, the principle of materiality 
should be observed in the sustainability report (only material information should be 
reported), lack of comparability, many sustainability reports are not guaranteed or 
audited (which affects their credibility) and there is no consensus on who should 
ensure SR and, finally, costs (SR can represent a burden for smaller entities).

On the future of sustainability reporting, 5 pathways or trends are considered: 
consolidation of sustainability reports, integrated sustainability reports, specific or 
sectoral sustainability reports, to make sustainability mandatory by governments 
and, less optimistic, the sustainability report will disappear.

In any case, and given the history of financial reporting, it seems that more stan-
dardization and regulation will be needed if we consider that sustainability is really 
important.

Confirming the importance of this issue for accounting, the international account-
ing standardization body IFRS announced on 3 November 2021 the creation of a 
new standardization board: the International Sustainability Council to respond to 
companies’ demand for reporting on environmental, social and governance issues.2

To study sustainability reports in Portuguese municipalities is to understand 
which path is being taken by elected officials and managers at the local level. Yes, 

2 Known as ESG matters.
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to understand first of all whether the information provided in these reports is about 
sustainability and, if there is a check whether the way in which the reports are per-
ceived, is in line with accountability, transparency and the disclosure of non- 
financial information.

It is common understanding that elected officials and managers have an obliga-
tion to manage resources efficiently, effectively, and economically. In other words, 
they have an obligation that in the public sphere resources belonging to all are being 
managed and that therefore citizens and other stakeholders should have access to 
information at the level of sustainability. In the context of municipalities and in the 
light of the agency’s theory, it is expected that sustainability reports will be used 
either by mayors or by citizens or other stakeholders as a means of monitoring 
political action (Maher, 1979; Zimmerman, 1977.)

We are faced with a relationship between the Mayor (principal) and the citizens 
and other stakeholders (agent) which will necessarily lead to accountability. This 
means that in view of the mayor’s objectives, citizens will check whether their 
objectives are being met and how they are being met in the light of sustainability. 
We will have control and monitoring of procedures and activities here from the 
outset. This control and monitoring is undoubtedly increasingly evident due to the 
importance and relevance that the theme of sustainability has today.

The theory of legitimacy has been used as a theoretical reference with regard to 
studies on sustainability (Greco et al., 2015), in the sense that this theory has under-
pinning the idea of social contract, that is, mayors have the fundamental role of 
understanding how stakeholders and other external users see municipalities. It is 
essential to provide information and that it is available to all users, both internal and 
external, to retain a positive image of the municipalities. It is essential that local 
government correctly uses legitimation strategies.

In view of the above, our research problem is: is the inclusion of sustainable 
development objectives associated with socio-economic indicators such as educa-
tion and GDP?

Thus, considering sustainability, the present study aims to:

• to know which of the largest Portuguese citizens hold sustainability reports;
• identify what the regulations are followed in the preparation of the sustainabil-

ity report;
• identify the objectives for sustainable development included in the projects and 

best practices of the municipalities evaluated;
• to evaluate the association between the frequency with which the objectives for 

sustainable development in projects and good practices are included and the level 
of education of the population and GDP of the municipalities.

In order to achieve the proposed objectives, the following research ques-
tions arise:

• Q1: Which municipalities considered to be large-scale publish sustainability 
reports?

1 Sustainability Reporting in the Portuguese Municipalities: An Empirical Analysis…
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• Q2: Is ISO 37120 considered in the preparation of sustainability reports?
• Q3: What are the objectives of sustainable development taken into account in the 

projects and good practices developed by large municipalities?
• Q4: Are projects and good practices developed in large municipalities associated 

with socio-economic indicators such as education and GDP?

This study contributes to the literature on sustainability reports, namely, to seek 
to identify what information is disclosed and whether there is an association between 
the adoption of the SDGs and two socio-economic variables: GDP and education.

The research methodology used is qualitative and quantitative and the data were 
collected through the analysis of the websites of the larger municipalities. For the 
processing of the collected data, descriptive and statistical analysis was used. The 
results show that many are large municipalities that prepare and publish sustain-
ability reports on their website. They also show that there is a statistically significant 
relationship between most SDGs and the two variables: GDP per capita and level of 
education.

In addition to this introduction, the study is organized as follows: in Sect. 1.1, we 
present the literature review. In Sect. 1.2, we present the theoretical framework, as 
well as the problem of investigation, the questions and the hypotheses of investiga-
tion. Section 1.3 presents the research methodology, in particular the method of data 
collection and the method of data analysis. In Sect. 1.4, the results are displayed. 
Finally, in Sect. 1.5, the conclusions, limitations and clues to future research are 
presented.

1.2  Literature Review

1.2.1  Sustainability: Definition and Objectives

Our huge productive economy leads us to be depleted, and products to be con-
sumed, destroyed, replaced and disposed of at an accelerated pace, impacting eco-
systems and the biosphere. On the other hand, there are high levels of social 
inequalities and poverty, and lack of corporate management ethics.

There is an urgent need to adopt a model of development, based on economic 
growth that integrates social progress and the protection of the planet, capable of 
ensuring to future generations the opportunities and quality of life that the current 
generations (still) enjoy.

Literally “sustainability”, which derives from Latin “sustentare” can be under-
stood as the ability to sustain a system, referring to the intertemporal character3 of 
the maintenance of its attributes.

As stated by Haris Alibasic in “Sustainability And Resilience Planning For Local 
Governments”, the term sustainability is often described as a positive effect on 
social, economic, environmental and governmental issues within an organizational 
structure. The main focuses on sustainability programs and resilience programs are 

3 Meaning of sustaining, supporting, conserving in good condition, maintaining, resisting.
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the aptitude of communities and organizations in adapting to environmental, social 
and economic change. Sustainability and resilience topics are under incessant 
reviews and inspections.

It is often regarded as an additional cost to society. However, with increased pres-
sure on rising energy costs, climate change policies and less financial influence, 
sustainability (in the short and long term) and resilience are increasingly seen as 
part of the solution.

There are several ideas, concepts, paradigms and theories used to build sustain-
ability, sustainability development grids and the corresponding economic, social 
and environmental bases, both for organizations and for society.

This concept of sustainability has increasingly attracted the attention of academ-
ics and professionals worldwide over the past two decades. Sustainability deals with 
a balanced integration between the performances of three pillars: social, environ-
mental and economic, as well as human life with society, the environment and the 
economy, aiming at the benefit of current and future generations (Ranjbari 
et al., 2021).

“Sustainability is now an ambiguous catchword that results in a series of parallel practical 
approaches, often superficial and/or contradictory, not always coincident with the originally 
proposed objectives”. (Guerra, 2011)

According to the UNITED NATIONS (United Nations) in 1987, “Sustainability 
is meeting the needs of the present without compromising the ability of future gen-
erations to meet their own needs”.

Relate directly to economic and material development, using natural resources 
intelligently, without harming the environment, so that they remain in the future, 
ensuring sustainable development, this being “the development that meets the needs 
of the present without compromising the capacity of future generations to meet their 
own needs, ensuring the balance between economic growth, care for the environ-
ment and social well-being” (Brundtland, 1987).

The definition of “Sustainable Development” can be found in the famous report 
“Our Common Future”, authored by the World Commission on Environment and 
Development (WCED), established by the UN and led by former Norwegian Prime 
Minister Gro Brundtland. According to WCED, sustainable development is one that 
meets the needs of the present without compromising the ability of future genera-
tions to meet their own needs.

It is universally understood that this concept of sustainable development, which 
promotes human well-being and at the same time the preservation of the natural 
environment, especially when assessing government issues, has proved elusive 
(Adger, 2009) superficial (Redclift, 2005) and inconsequential (Carter, 2001; 
Lélé, 2018).

Alibasic, in “Sustainability And Resilience Planning For Local Governments” 
advocates the definition by the UN on the fundamental principles of sustainability 
and sustainable development as the rational handling of resources in the present, by 
organizations and individuals, without compromising the needs of future 
generations.

1 Sustainability Reporting in the Portuguese Municipalities: An Empirical Analysis…
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Elkington in 1997 created the triple baseline definition (TLB) to measure and 
assess the social and environmental impact of sustainability, in addition to eco-
nomic benefit.

Initially, this vision focused on the private sector; however, a broader view of the 
principles is also applied to the public sector. Thus, with the evolution of sustain-
ability, his static view of the three pillars was forced to evolve, giving rise to the 
quadruple baseline theory (QLB), which approaches the subject from a governance 
perspective.

The sustainability report is a document integrating information on the perfor-
mance of entities, on issues and indicators that reflect significant (positive and nega-
tive) impacts, which can substantially influence stakeholder assessments and 
decisions at economic, social and environmental level l. It integrates financial and 
non-financial indicators, thus reporting to stakeholders on how they develop their 
activities and manage their sustainability risks.

Among the various reporting/communication tools, such as report and accounts, 
environmental report; corporate citizenship report; integrated report; newsletter/
site/intranet/, the sustainability report and the ESG report are important.

The sustainability report is a document that addresses several stakeholders (cus-
tomers, investors, employees, partners, regulators, among others) and reports the 
economic, social and environmental performance of entities in material aspects.

On the other hand, the ESG Report, with a more technical language, addresses 
investors and reports the performance ESG: Environmental (Environmental)  – 
Social (Social) – Governance.

The report on sustainability can be developed by GRI4 (Global Reporting 
Initiative) standards, which is the most widely used model in the world. GRI, whose 
Sustainability Reporting Standards are developed with real contributions from vari-
ous stakeholders and rooted in the public interest, is an essential tool to ensure 
transparency, and helps entities and governments around the world to understand 
and communicate their impact on critical sustainability issues such as climate 
change, human rights, governance and social welfare.

The latest milestones in the implementation of measures for sustainable develop-
ment are presented (Fig. 1.1).

2014:
Directive 2014/95/EU of the European Parliament and the Council of 22 October 
2014 (amending Directive 2013/34/EU on the disclosure of non-financial informa-
tion and financial information on diversity by certain large companies and groups), 
of a mandatory nature for public interest undertakings with more than 500 employ-
ees, motto “Together for new growth”. It aims to increase the transparency of social 

4 Neither GRI 101, 102 th 103 are standards applicable to all organisations; The GRI series 200, 
300 and 400 are specific standards related to the 3 ESG pillars (Economic, Environmental and 
Social). Organizations select and use only those that relate to their material topics.
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Fig. 1.1 Agenda for sustainable development

and environmental information provided by companies in the various sectors in a 
comparable way in all Member States;5

This Directive entered into force in 2018 in Portugal, transposed by DL 89/2017, 
leading to the analysis of companies’ performance and identification of sustainabil-
ity risks in society, strengthening consumer and investor confidence.

2015:
PARIS AGREEMENT – It is a treaty that commits 195 countries under the UN 
Framework Convention on Climate Change (UNFCCC) to reduce GHG emissions 
from 2020, and keep global warming below 2 °C. The EU aims to be the first econ-
omy without climate impact by 2050.

This treaty, signed on 12 December 2015, entered into force 30 days after its rati-
fication in 55 countries representing 55% of greenhouse gas emissions. In less than 
a year, the goal had been reached.

AGENDA 2030 SUSTAINABLE DEVELOPMENT GOALS: it was adopted by 
the United Nations General Assembly in September 2015, agreed by the 193 
Member States. Of a universal and inclusive nature. Based on the experience of the 
8 Millennium Development Goals between 2000 and 2015, the 17 sustainable 
development goals (SDGs) and 169 targets were defined by 2030, measured through 
indicators.

It combines social, economic and environmental concerns by promoting the col-
lective effort and shared responsibility of all countries, with the aim of promoting 
prosperity and well-being for all, protecting the environment and combating cli-
mate change.

THE EUROPEAN COMMISSION’s 2018 ACTION PLAN to FINANCE 
SUSTAINABLE GROWTH: This Plan aims to create financial strategies to support 
the EU’s climate and sustainable development agenda by financing the green transi-
tion using private capital, achieving sustainable finance and sustainable and respon-
sible investments (including non-financial considerations such as environmental 
and social, in decision-making, in order to better manage the company’s risks and 

5 Source: https://eur-lex.europa.eu/legal-content/PT/TXT/PDF/?uri=CELEX:32014L0095&from=PT

1 Sustainability Reporting in the Portuguese Municipalities: An Empirical Analysis…

https://eur-lex.europa.eu/legal-content/PT/TXT/PDF/?uri=CELEX:32014L0095&from=PT


10

generate long-term sustainable returns “United Nations – Principles for Responsible 
Investment”.

This plan includes actions covering the main agents of the financial system in 
matters of standardization of procedures (classification system (taxonomies)), 
responsibilities (sustainability and disclosure), advice (on sustainable investment), 
sustainability of requirements and transparency in information.

The need for comparable information for responsible investment portfolio asset 
managers has given rise to a new market for sustainability financial services: ESG 
ratings, rankings, sustainability indices and (socially) responsible funds. These ser-
vices are provided to managers with the analytical information needed to assess 
ESG performance, risks and opportunities of assets under management. Thus, 
“Sustainable Investment” is defined as Investment in an economic activity that:6

E – contributes to an environmental objective
S – contributes to a social objective, provided that such investments do not signifi-

cantly prejudice any of these objectives
G  – provided that the companies receiving the investment use good governance 

practices

2019:
GREEN DEAL – EUROPEAN GREEN PACT: Package of measures and legislative 
proposals to make EU policies on climate, energy, transport and taxation, which will 
enable businesses and citizens to benefit from a sustainable ecological transition, 
with the intention of achieving a reduction by 2030 of net GHG emissions by at 
least 55% (compared to 1990). Supported by investments in green technologies, 
sustainable solutions and new businesses, it contributes to improving the well-being 
and health of citizens and future generations. It could be a new EU growth strategy.

1.2.2  The United Nations: Objectives for Sustainable 
Development (SDGs)

As already mentioned, the sustainable development goals (SDGs) are a global 
agenda adopted during the United Nations Summit on Sustainable Development in 
September 2015 signed by more than 190 countries to be achieved by 2030.

There are 17 Sustainable Development Goals, and 169 targets that define global 
priorities and aspirations for 2030 and require global action by governments, busi-
nesses and civil society to eradicate poverty and create a life with dignity and oppor-
tunities for all, within the limits of the planet.

6 DJSI Dow Jones Sustainability Index: Released by S&P Dow Jones Indices and RobecoSAM9 in 
1999. ESG factors are covered by more than 120 questions in each industry grouped into about 20 
to 25 criteria; FTSE4Good: The company evaluation methodology results from an analysis of the 
3 pillars of ESG sustainability: environment, social and governance; sustainalytics: ESG informa-
tion and research analysis provider that supports investor decision-making.

F. Pinto et al.
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Fig. 1.2 Sustainable development goals as adopted by all UN member states. (United Nations 
Department of Economic and Social Affairs, 2016)

The analysis of the evolution of sustainability must take into account certain 
particularities. There are SDGs that interconnect and complement each other (e.g. 
SDG 2 (eradicating hunger) and 3 (quality health)) so their indicators should be 
interpreted according to the goal/objective, and the same indicator may have adverse 
impacts depending on the SDGs in which they are included.7

The UN database has an “o.f.Related indicators” field linking SDS indicators 
with other existing indicators. It should be noted that the SDGs with more intercon-
nections with other indicators are SDGs 1 (eradicating poverty) and 11 (sustainable 
cities and communities) (Fig. 1.2).8

At national level, 6 SDGs have been established as priorities and strategic:9

Quality Education – SDG 4
Gender Equality – SDG 5
Industry, Innovation and Infrastructure – SDG 9
Reduction of Inequalities – SDG 10
Climatic Action – SDG 13
and Marine Life Protection – SDG 14

7 By way of illustration, GDP growth has a positive impact on the economy (SDGs 8) but may have 
negative impacts on environmental SDGs; or the number of road and air passengers, the growth of 
which would be considered favorable for SDG9 (infrastructure), but whose impact would be con-
sidered negative if inserted in an environmental SDG.
8 Publication ODS 2022; INE.
9 It should be said that no reasons for the choice of these SDDs as priorities have been presented, 
nor has there been any intervention by the Assembly of the Republic in the selection and validation 
of these priorities.
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The 2030 Agenda is extremely comprehensive and challenging, making real 
advances require deep involvement of diverse organizations representing civil soci-
ety, local governments, the private sector and academia.

The achievement of the sustainable development goals will be achieved through 
cooperation, as well as the action of dynamic regulated participatory initiatives 
(through deliberative tools such as (i) the 21 Local Agendas (A21L), (ii) participa-
tory budgets (POs) and (iii) other more traditional mechanisms such as municipal 
environmental plans), among all individual and collective subjects. The agenda 
should monitor the commitments established, as well as the actions of the necessary 
resources and the intervention of the various interdependent actors of society.

As appropriately mentioned, compliance with the 2030 Agenda for Sustainable 
Development is dependent on the active role of various actors, with local and 
regional governments, more specifically local authorities, agents of high relevance, 
because they are a level of governance closer to the population, with democratic 
legitimacy, and relate, directly or indirectly, to the various goals contained in all the 
SDDs. Thus, they play an important role in the quality of the agenda and sustain-
ability (Lafferty, 2001a) and are in a privileged position to promote the sustainabil-
ity report (Williams et al., 2010).

Regarding the institutional model, the general coordination of implementation of 
the 2030 Agenda was attributed to the Ministry of Foreign Affairs, in conjunction 
with the Ministry of Planning and Infrastructure, and the coordination of each of the 
SDDS was attributed to a Ministry responsible for its implementation, monitoring 
and review.

Other entities, such as the National Institute of Statistics (INE), which monitors 
and implements the 2030 Agenda at the statistical level, and the Agency for 
Development and Cohesion are also involved.

The National Institute of Statistics – INE provides a portal on the subject (perma-
nently updated) and publishes, since 2018, annual reports with progress in the main 
indicators.10 The monitored indicators are those defined by the United Nations for 
each SDS.

The SDGs follow the Millennium Goals (MDGs), extending the challenges that 
must be addressed to eradicate poverty and cover a wide range of interrelated topics, 
dividing into the dimensions of sustainable development that are set below:

• Social: related to human needs, health, education, improvement of quality of life 
and justice.

• Environmental: it deals with the preservation and conservation of the environ-
ment, with actions ranging from the reversal of deforestation, protection of for-
ests and biodiversity, combating desertification, sustainable use of oceans and 
marine resources to the adoption of effective measures against climate change.

• Economic: addresses the use and depletion of natural resources, waste produc-
tion, energy consumption, among others.

10 Portal INE: bit.ly/2mDiPOG
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• Institutional: it concerns the capabilities to implement the SDGs.
• To achieve the 17 Objectives (SDGs), different local, regional and national initia-

tives are carried out according to the logic of the 5Ps:
 – People (promoting a world where all individuals enjoy healthy environments 

and live with dignity and equality) – SGD 1 to 6
 – Prosperity (fostering the prosperity of individuals as well as nature) _ 

SGD 7 to 10
 – Planet (protect the planet through sustainable production and consumption, 

using resources responsibly) – SGDs 11 to 15
 – Peace (building peaceful, just and inclusive societies) – SGD16
 – Partnerships (achieving the objectives through a spirit of solidarity, with the 

participation of various entities), which together will enable the eradication of 
poverty and the achievement of sustainable development through health, edu-
cation, environmental protection, peace and justice – SDGs 17

1.2.3  ISO 37120

The International Organization for Standardization (ISO) is an international stan-
dardization and standardization entity. It aims to approve international regulations 
in all technical areas, which are regulated by uniform rules, procedures and pro-
cesses. They are thus tools with relevant impact on to achieve each of the SDDs, as 
presented below.

In 2014, the International Organization for Standardization (ISO) developed the 
first ISO 37120 to normalize the sustainable development of cities: “ISO 37120:2014 
Sustainable development of communities First Editions – Indicators for city ser-
vices and quality of life”, allowing to measure and measure (quantitatively and 
qualitatively) results through their indicators. In this way, it is possible to compare 
the practices and measure the performance of the services and the quality of life in 
the city. NP ISO 37120:2017, Sustainable community development – Indicators for 
urban services and quality of life; constitutes the Portuguese version of ISO 
37120:2014 – “Sustainable development of communities — Indicators for city ser-
vices and quality of life”.

The adoption of ISO 37120 can benefit local governance (including local author-
ities) in providing effective services, infrastructure and employment, with interna-
tional targets as a reference. They help make improvement and progress comparisons, 
leading to the quality of life of the local population and structured sustainability 
planning.

According to WCCD (World Council on City Data (n.d), there was a clear 
improvement in the more than 60 cities that achieved iso 37120 certification. The 
organization also states that for the first time cities were able to communicate with 
each other, using globally standardized comparable data, allowing them to gain 
insights into other cities and learning from each other like never before.
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ISO 37120 establishes a uniform criterion in the measurement and comparison 
of thematically grouped indicators in 17 sections that are presented below, which 
compare cities and communities among themselves.

5. Economy
6. Education
7. Energy
8. Environment
9. Finance
10. Fires and Emergency Response
11. Government
12. Health
13. Leisure
14. Security
15. Social Protection
16. Waste
17. Telecommunications and Innovation
18. Transportation
19. Urban Planning
20. Wastewater
21. Supply and Sanitation

ISO 37120 was revised in 2018 and was accompanied by two other complemen-
tary standards on indicators for smart cities (ISO 37122) and resilient cities 
(ISO 37123).

To meet the principles of urban sustainability, specifically SD1, the process of 
reviewing this ISO was initiated, share both of objectives that lead to the extinction 
of poverty, improving the health of populations and providing sustainable growth 
of cities.

The following is a table that relates the indicators of SO1 with ISA 37120. It 
should be noted, however, that the SDS 11 indicators are generic, while those of ISO 
37120 are specific. In addition, the differentiation in the name of key indicators and 
support indicators.

It should be noted that there is a relationship between ISO 37120 and the SDGs 
as you can see in Table 1.1.

1.2.4  The Sustainability Report in Local Government

The public sector, as in the private sector, has a duty to account to the most diverse 
stakeholders,11 having essentially social obligations, in addition to legal and eco-
nomic obligations (Nagy & Robb, 2008; Dagger, 1997), so the maximum 

11 Strategic audience.
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transparency is expected in the reporting of its sustainability activities (GRI-Global 
Reporting Iniciative, 2005).

In a generalist way when we look at the concept of sustainability, it is urgent to 
associate with the idea of managing resources efficiently, effectively and efficiently 
so that the continuity and satisfaction of the needs of future generations is not called 
into question. However, the enormous productive economy leads us to an increasing 
consumerism, leading to the depleted natural resources, and that products are con-
sumed, destroyed, replaced and discarded at an accelerated rate, impacting ecosys-
tems and the biosphere. On the other hand, there are high levels of social inequalities 
and poverty and lack of corporate management ethics.

All of this above is a very high importance both in the private sector, but essen-
tially in the public sector. From the outset, in the public sector, we are managing 
money and resources that belong to everyone. Thus, given that the public sector 
must be guided by transparency and accountability, it arises from among the various 
practices and tools of accountability: sustainability reports. It should also be noted 
that when we look at this theme of sustainability, three important dimensions should 

SGD Standards ISO

9001 -

Quality

management

14001 -

Environmental

Management

26000 -

Performance

evaluation

50001 -

Implementation,

maintenance,

review and

improvement of

energy

management

systems

13485 - Quality

management of

medical devices

16000-40 -

indoor air

quality

management

20000-1 -

Service

Management

SGD 1 X X X

SGD 2 X X

SGD 3 X X X X

SGD 4 X X

SGD 5 X

SGD 6 X X

SGD 7 X X X

SGD 8 X X

SGD 9 X X X X

SGD 10 X X

SGD 11 X X X

SGD 12 X X X X X

SGD 13 X X X X

SGD 14 X X X X

SGD 15 X X

SGD 16 X

SGD 17

Table 1.1 Relationship between ISO and SGD standards

Source: Authors
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be taken into account: the environmental dimension, the social dimension and the 
economic dimension.

It is verified that in many cases there is no serious “commitment” to the sustain-
ability report, and this disclosure is included in the annual reports and accounts of 
the public sector. According to Chambers et al. (2003), “the greater the extent of the 
report, the more committed the organization is to this same report”.

It is certain that in recent years there has been a greater concern with sustain-
ability and the definition of accountability and transparency strategies and mecha-
nisms with regard to the theme of sustainability. This concern was verified through 
a review of the literature in which we found that there are studies both in the private 
sector and also in the public sector. Furthermore we found that the mainly voluntary 
basis of sustainability reports and the various labels used to cite this type of reports: 
corporate social responsibility report, sustainable development report, sustainability 
report, etc. and more recently integrated reports (integrating traditional financial 
reports and sustainability reports into a single report, thus providing a holistic pic-
ture of the entity). The only internal determinant that is consistently found to have a 
positive effect on SR is the size of the company; researchers also provide a signi-
ficant influence of industry membership and tend to confirm a positive effect of 
listed companies, capital intensity and government ownership in SR (Hahn & 
Kühnen, 2013)”.

In analysing the relationship between the sustainability report and the financial 
performance, Aggarwal (2013) concluded that there is a very positive relationship 
between the two which entails several advantages, namely greater involvement of 
various stakeholders, channels of communication of poems for customers, innova-
tive products, highly motivated employees and their retention and compliance with 
regulations. In addition to these aspects, Jianu er al. (2015) concluded that the client 
as one of the elements in the company’s sustainability report. Consumer feedback 
validates the company’s measures that address environmental and social issues.

However, Kolk (2003) in looking at his study on the different types of sustain-
ability reports presented in a group of multinational companies in Fortune Globe 
250 concluded that there are different types of sustainability reports carried out and 
with very generalist information. He further concluded that only a few of them 
obtained independent verification and assurance of the information provided. From 
his study, Kolk (2003) found that in 2004, 64% of respondents, compared to 45% in 
2001 and 35% in 1998, provided different types of sustainability reports. The author 
also observed an increase in integrated reports (20% of the sample against a com-
pany in 2001).

Keeping the business perspective, Dias (2009) studied empirical data on the 
practices and degree of dissemination of sustainability reports according to GRI 
standard in a sample of 49 Portuguese listed companies at Euronext Lisbon 2005. It 
concluded that only 45% of these companies report this type of information, 
although the sustainability communication in Portugal at the time was voluntary 
(currently the non-financial declaration is mandatory in Portugal for large compa-
nies that are companies of public interest, according to law no. 89/2017, of July 28).
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However, this concern, on the one hand, and importance given to the business 
sector to sustainability reports is unison with the public sector. Alibašić (2018) 
addresses a few themes: what is sustainability and resilience in communities and 
entities, what challenges cities will face in the future, how can local governments 
maintain sustainability and resilience planning and how can resilience be incorpo-
rated into organizations? The main global is thus the planning of sustainability and 
resilience, a step ahead of the sustainability report. Local governments should take 
an appropriate holistic and systematic approach. The relevance of cities is really 
important because they account for more than 75% of the world’s energy consump-
tion and emit more than 75–80% of all greenhouse gas emissions. Thus, to build 
sustainability and resilience, it is crucial to adopt an appropriate planning approach. 
The author proposes the quadruple baseline (QBL) approach to resilience planning, 
including four pillars: social, economic, environmental and, like the new, gover-
nance. Resilience is seen as an extension and expansion of sustainability, with a 
particular focus on the threats of climate change. The author mentions the most 
relevant components for successful sustainability and resilience planning: leader-
ship, monitoring, reporting mechanism (and here we have a link to the sustainability 
report), stakeholder engagement, commitment, etc.

Galera et al. (2014) analysed the dissemination of sustainability information by 
Local Anglo-Saxon and Nordic governments on their websites; its findings are that 
local governments are strongly committed to providing transparent sustainability 
information using their websites as communication tools with their stakeholders, 
despite the lack of a legal obligation to do so. They also concluded that the level of 
development of a country and/or its quality of governance does not imply greater 
transparency on the part of local governments with regard to sustainability; the level 
of debt and deficit do not seem to be factors affecting the involvement of local 
administrations in sustainability reporting. The results of the study support the con-
clusion that there is scope to improve the dissemination of sustainability by local 
authorities, including (a) designing a sustainability report model (comprehensive, 
single document, formally presented, (b) identifying key items, (c) identifying 
stakeholders addressed and (d) studying the information needs of these stakehold-
ers, in order to set information priorities.

The report of sustainability in local government mirrors the image of the local 
government before its target public, determining the strategies of the Municipalities, 
as well as the decisions regarding concerns about environmental, social and eco-
nomic issues.

In Portugal, there is an obligation, by the Labour Code, to communicate annually 
about the company’s social activity regarding the staff and other related information 
(conclusion and termination of fixed-term employment contracts; additional work; 
continuing vocational training; safety and health services at work; the Social 
Balance Sheet) (GEP, 2011) (Table 1.2).

In view of the conclusions of empirical studies on sustainability, we found that 
there are studies that show that both the private sector and the public sector have a 
concern with the theme of sustainability, and that the private business fabric has 
more this need to “sell” the product as being the most sustainable. This means that 
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Table 1.2 Empirical studies on sustainability

Authors Research objective Sample
Methodology 
research Conclusions

Guerra 
(2011)

Assess initiatives 
regulated and 
coordinated by local 
government on 
sustainable 
development

Municipalities Questionnaires Concrete and continued 
actions are being taken to 
pursue the principles of 
sustainability and 
participatory democracy; 
However, there are also 
many a21L ghost 
initiatives, with no real 
existence, without a 
national policy that 
allows the framing or 
evaluation of this process 
on the ground, the aim of 
which is to safeguard the 
benefits that a local 
Agenda 21 can represent 
on the national scene: 
prestige, symbolic 
capital, and Community 
funds

Eccles 
et al. 
(2014)

Effect and 
implications of 
regulations on 
sustainability 
disclosure in the 
dissemination and 
evaluation practices 
of companies in 
China, Denmark, 
Malaysia and South 
Africa.

Companies Documentary 
analysis

Companies subject to this 
“obligation”: (i) increase 
their disclosure; (ii) add 
efforts to increase the 
comparison and 
credibility of the 
information they 
disseminate; (iii) in 
addressing sustainability 
they reach a wider group 
of stakeholders beyond 
shareholders, and with 
typically non-financial 
objectives 
(environmental, social 
and governance). 
Although this regulation 
may bring costs for some 
companies, this article 
suggests that in the end 
the balance sheet is 
positive

(continued)
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Table 1.2 (continued)

Authors Research objective Sample
Methodology 
research Conclusions

Niemann 
and 
Hoppe 
(2018)

Assess the effects of 
sustainability 
reporting 
involvement

Municipalities Evaluation of 
actual results

1 – Various types of 
registrations are valuable 
to regional governments 
as a weapon of learning, 
acting and registration; 
2 – costs can be very 
limited; 3 – have 
organizational benefits, 
but if the objectives are 
not met can arise the 
“fatigue of the register” 
and with this its 
suspension or radical 
change

Martins 
(2011)

Realize: (1) how 
sustainability 
communication is 
processed on the 
web pages of the 
various 
municipalities 
studied; (2) 
differences in the 
form of 
communication on 
web pages (3) 
Importance of 
communication.

Websites Website 
Analysis

It is concluded that 
sustainability 
communication is of 
great importance, since 
all the cities considered 
in the sample disclose 
this theme, however, only 
36.84% of the sample 
communicates 
information related to 
sustainability on the 
homepage

Dias 
(2009)

Check the trends, 
practices and 
degrees of 
dissemination of the 
sustainability 
assessment, 
according to the 
GRI (Global 
Reporting Initiative) 
model.

Companies Website 
Analysis

45% of the companies 
that make up the sample 
voluntarily disclosed 
information related to 
corporate sustainability. 
Few (or none) present 
numerical indicators, 
indicating that this 
disclosure has a purely 
commercial purpose 
rather than constituting a 
commitment to the 
responsibility of social

(continued)
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Table 1.2 (continued)

Authors Research objective Sample
Methodology 
research Conclusions

Galera 
et al. 
(2014)

Assess initiatives 
regulated and 
coordinated by local 
government on 
sustainable 
development.

Municipalities Questionnaires Concrete and continued 
actions are being taken to 
pursue the principles of 
sustainability and 
participatory democracy; 
However, there are also 
many a21L ghost 
initiatives, with no real 
existence, without a 
national policy that 
allows the framing or 
evaluation of this process 
on the ground, the aim of 
which is to safeguard the 
benefits that a local 
Agenda 21 can represent 
on the national scene: 
prestige, symbolic capital 
and community funds

Williams 
et al. 
(2010)

Effect and 
implications of 
regulations on 
sustainability 
disclosure in the 
dissemination and 
evaluation practices 
of companies in 
China, Denmark, 
Malaysia and South 
Africa.

Companies Documentary 
analysis

Companies subject to this 
“obligation”: (i) increase 
their disclosure; (ii) add 
efforts to increase the 
comparison and 
credibility of the 
information they 
disseminate; (iii) In 
addressing sustainability 
they reach a wider group 
of stakeholders beyond 
shareholders, and with 
typically non-financial 
objectives 
(environmental, social 
and governance). 
Although this regulation 
may bring costs for some 
companies, this article 
suggests that in the end 
the balance sheet is 
positive

(continued)
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Table 1.2 (continued)

Authors Research objective Sample
Methodology 
research Conclusions

War 
(2011)

Assess initiatives 
regulated and 
coordinated by local 
government on 
sustainable 
development.

Local 
government

Obtained 107 
valid answers 
(almost 35% 
of the total 
Portuguese 
municipalities, 
include the 
whole 
territories 
equitably).

Census of participatory 
processes of local 
sustainability taking 
place in the country and 
model of analysis of the 
participatory 
sustainability processes 
that are taking place in 
the municipalities

Barut 
et al. 
(2016)

Assess the 
importance of 
sustainability 
reports, including 
the relationship 
between local 
government 
objectives and 
related biodiversity 
benchmarks

Local 
governments

Document 
analysis (sites)

Lack of disclosure to 
stakeholders in order to 
assess the responsibility 
for the management of 
common resources
The information in the 
sustainability reports is 
underdeveloped

Know the main 
reasons for the 
preparation of 
sustainability reports 
and what influence 
stakeholders can 
have on their own 
preparation

Local 
governments

Interview The reports are prepared 
for the sake of legitimacy 
and accountability
The involvement of 
stakeholders contributes 
to legitimizing strategies 
in order to find a solution 
between political 
programs and the 
objectives/concerns/
interests of stakeholders

Navarro- 
Galera 
et al. 
(2017)

Assess the level of 
association between 
transparency of local 
government 
sustainability and 
international 
guidelines

Local 
governments

Document 
analysis (sites)

The transparency of the 
sustainability of the 
various local 
governments under study 
reaches a level of 58.05% 
of association with 
international guidelines. 
This level of association 
shows, on the one hand, 
that local government 
websites emerge as 
drivers of sustainability 
transparency and, on the 
other hand, to strengthen 
the dissemination of 
information on 
sustainability among 
local governments in 
Europe
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there is a greater sensitivity on the part of the private business fabric to the dissemi-
nation of information about sustainability in the sense that the client will be more 
attentive to these issues when their “option to buy”, as well as their interest in envi-
ronmental and sustainability issues have been increasing. However, in both sectors, 
it should be noted that the social context and the need to be transparent and account-
able are increasingly demanding elected officials and managers to disseminate 
information about sustainability. It should also be noted that, as Navarro-Galera 
et al. refer. (2017) the various international bodies highlight and recommend that 
local governments take good governance practices that meet the favouring of public 
sustainability policies. This recommendation aims at requiring transparency on eco-
nomic, social and environmental issues.

1.3  Methodology

1.3.1  Research Protocol

First, it was defined that the research to be carried out would be in the larger munici-
palities. For information on whether or not a sustainable development report existed, 
an email was sent to each of the 25 municipalities that were the target of this study. 
Of all the emails sent, we only got a response from seven municipalities. To point 
out that of these seven municipalities only three responded to the email about the 
requested information. The other municipalities only accused the receipt and regis-
tration of the same or sent the email to another department, not getting any kind of 
response.

After submitting this research, we proposed to verify that the reports dubbed 
“sustainability reports” meet the precept in ISO 37210 and meet the 17 Objectives 
SDGs by 2030. Then we did a search through the LOCAL ODS platform.12 This 
platform is created by the various municipalities of Portugal. It allows monitoring 
the projects or good practices that each municipality is implementing; what SDG 
objectives are working on; allows monitoring the performance of the various indica-
tors of the 17 SDG objectives; and also to understand if they are in the alignment to 
be achieved by 2030 or if they are far from this intended mark or even if it is not 
even being implemented.

Finally, we checked the Pearson coefficient for the relationship between the 
SDGs and also verified the association between the SDGs and two socio-economic 
variables: GDP per capita and level of education.

1.3.2  Method of Data Collection and Analysis

The problem and its research issues lead to the combination of different methodolo-
gies and the use of different forms of data analysis. Therefore, the present study is 
descriptive and exploratory.

12 https://odslocal.pt/

F. Pinto et al.

https://odslocal.pt/


23

This study uses qualitative research, since it allows us to understand in a generalist 
way the situations, experiences, meanings of actions through their analysis, under-
standing and description. It is denoted that with regard to qualitative research, the form 
of study deals with the collection, analysis, description and interpretation of the data. 
In turn, quantitative research aims to find relationships between variables and to make 
descriptions taking into account statistical data obtained (Bogdan & Biklen, 1994).

It is important to note that both methodologies have positive and negative aspects 
compared to the study developed. From the outset, the quantitative methodology 
has as its main advantage the fact that conclusions can be drawn and knowledge that 
is useful in most situations, which imputes to it a superior external validity. However, 
in the reverse of the coin, and as (Pérez Serrano, 1998) points out uncertainty as to 
what is measured.

The documentary analysis that constitutes an important technique and necessary 
in the context of any type of research, and this importance is increased in the field 
of accounting (Sparrow & Correia, 1995; Sousa & Baptista, 2014; Vieira et  al., 
2009). For analysis of the information about sustainability available on the website: 
existence of sustainability reports; information about the vision, mission, and value 
in the scope of sustainability and normative guiding of the elaboration we use the 
index of disclosure.

After this documental analysis, we resorted to quantitative and statistical analy-
sis of information. For this, we calculate descriptive statistics, more specifically 
counts, medians (a central trend measure used for variables with a non-normal dis-
tribution) and the interquartile interval (dispersion measure for variables with non-
normal distribution that results from the difference between the first quartile and the 
third quartile). To evaluate the correlation between the SDS, a correlation matrix 
was constructed, and Spearman’s correlation coefficient was calculated. In addition, 
to evaluate the association between the number of sustainable development objec-
tives and socio-economic variables, Poisson regression models (appropriate for 
counting data) were used. The significance level was the p-value of <0.05. Statistical 
analysis was performed in the statistical analysis software R version 4.1.3.

1.4  Results

1.4.1  Sample Characterization

The target population considered in this study comprises 25 municipalities consid-
ered large, taking into account the data of the 2021 Census, and Portugal consists of 
308 municipalities (Table 1.3).

1.4.2  Results and Their Interpretation

When analysing the sites of the 25 largest Portuguese municipalities, we found that 
only three municipalities (Braga, Vila Nova de Famalicão and Porto, located in the 
Northern region of Portugal) have available sustainability reports.

1 Sustainability Reporting in the Portuguese Municipalities: An Empirical Analysis…



24

Table 1.3 Municipalities targeted for study

Position Municipality Region Population
GDP per 
capita

Level of 
education

1 Lisboa Lisbon 
Metropolitan Area

544.851 205.62 36.78

2 Sintra Lisbon 
Metropolitan Area

385.954 93.61 16.78

3 Vila Nova de Gaia North 304.149 100.55 18.92
4 Porto North 231.962 154.02 32.06
5 Cascais Lisbon 

Metropolitan Area
214.134 117.95 28.18

6 Loures Lisbon 
Metropolitan Area

201.646 100.99 17.61

7 Braga North 193.333 108.78 23.77
8 Almada Lisbon 

Metropolitan Area
177.400 109.16 21

9 Matosinhos North 172.669 130.63 21.91
10 Oeiras Lisbon 

Metropolitan Area
171.802 153.13 33.08

11 Amadora Lisbon 
Metropolitan Area

171.719 100.07 18.69

12 Seixal Lisbon 
Metropolitan Area

166.693 91.16 16.93

13 Gondomar North 164.255 84.89 14.64
14 Guimarães North 156.852 91.3 13.32
15 Odivelas Lisbon 

Metropolitan Area
148.156 88.78 19.91

16 Coimbra Center 140.796 126.28 30.67
17 Vila Franca de 

Xira
Lisbon 
Metropolitan Area

137.659 97.35 16.45

18 Santa Maria da 
Feira

North 136.720 85.76 13.44

19 Maia North 134.959 110.64 6.64
20 Vila Nova de 

Famalicão
North 133.590 89.86 13.56

21 Leiria Center 128.640 103.21 18.69
22 Setúbal Lisbon 

Metropolitan Area
123.684 107.95 18.01

23 Barcelos North 116.777 80.12 11.21
24 Funchal Wood 105.919 115.71 19.18
25 Viseu Center 99.693 95.7 21.22

Source: Authors

F. Pinto et al.
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Regarding the “vision, mission, and strategy” that municipalities present in the 
information they provide and, essentially, in the context of sustainability, we found 
that 13 of the 25 municipalities show concern and interest on this topic. In relation 
to the regulations adopted for the realization of sustainability reports, we verified 
that they refer to GRI and ISO 37120. Porto and Vila Nova de Famalicão refer to 
GRI and ISO 37120; Braga does not mention what regulations are used in the prepa-
ration of sustainability reports. Although most municipalities do not submit sustain-
ability reports, they refer to the SDGs and present projects and good practices under 
these SDGs.

We also tried to analyse in the light of ISO 37120 what sub-items were included 
in the sustainability reports. We found that only one report (from the municipality 
of Porto) takes into account all sub-items related to finance issues; fires and emer-
gency response; government; health; leisure; waste; telecommunications and inno-
vation; transport; urban planning; wastewater; supply and sanitation. In this same 
report, with regard to energy, environment, social protection and safety, all sub- 
items are not covered, but a good part of them is still considered (73.93%).

In the two other reports (from Braga and Vila Nova de Famalicão) we found that 
they do not have information about all the sub-items related to finance, social pro-
tection, urban planning, telecommunications, and innovation.

By analyzing the local SDG site (municipal platform of sustainable development 
goals) we found that of the 25 municipalities targeted for study eight municipalities 
do not present any project or good practices under the objectives for sustainable 
development. We also found that the SDGs that municipalities have more projects 
and good practices are SDGs 1 – Eradication of poverty (9.4%); SDGs 3 – Health 
and quality (9.3%); SDGs 4 – Quality education (12.4%) and SDGs 11 – sustainable 
cities and communities (10.5%). On the other hand, those SDGs that have fewer 
projects and good practices in the municipalities under analysis are: SDGs 6 – Clean 
water and sanitation and SDGs 7 – renewable energies.

We also found that the three municipalities that have the most projects and good 
practices considering the number of SDGs covered are: Vila Nova de Gaia (18.0%), 
Cascais (17.9%) and Lisbon (13.2%) (See Figs. 1.3 and 1.4) (Table 1.4).

Fig. 1.3 Impact tools to achieve with each of the SDGs. (Source: https://www.iso.org/sdgs.html)
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Fig. 1.4 SDGs adopted by municipalities. (Source: Authors)

F. Pinto et al.
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Table 1.5 Median, range, minimum and maximum – ODS

SDG Median Interquartile Range Minimal Maximum
Total 1 50 0 182
1 0 5 0 25
2 0 3 0 14
3 1 6 0 20
4 2 6 0 29
5 0 3 0 16
6 0 1 0 5
7 0 0 0 3
8 0 2 0 7
9 0 1 0 5
10 0 1 0 25
11 1 5 0 22
12 1 3 0 18
13 1 4 0 19
14 0 1 0 6
15 1 4 0 12
16 0 1 0 14
17 1 3 0 15

Source: Authors

In analysing the median, we found that the SDS with the highest median is SDG 
4 – Quality Education, followed by SDG 3 – Health and Well-being, SDG 11 – 
Sustainable cities and communities, SDG 12  – Sustainable production and con-
sumption, SDG 13 – Climate action, SDS 15 – Protecting terrestrial life; and SDG 
17 – Partnership for implementing the objectives. This demonstrates that projects 
and good practices tend to focus on these themes as you can see in Table 1.5.

Below is the correction matrix between the different SDGs. It is verified that 
most correlations are statistically significant, positive and moderate to strong (with 
rho above 0.5), i.e. municipalities that have a high number of SDGs in a given the-
matic data also tend to have a high number of SDGs in other themes. It should be 
noted, however, that some of the correlations observed are weaker (rho <0.5) and 
are not statistically significant (p > 0.05), such as the correlation between SDG 2 – 
Eradicating hunger and SDG 7 – Ensuring access to reliable, sustainable and mod-
ern energy sources for all, SDG 1 – Eradicating poverty and 7 – Ensuring access to 
reliable energy sources, sustainable and modern for all, SDG 6 – Ensuring the avail-
ability and sustainable management of drinking water and sanitation for all and 
7 – Ensuring access to reliable, sustainable and modern energy sources for all and 
SDG 14 and 6 – Ensuring the availability and sustainable management of drinking 
water and sanitation for all and SDG 15 and 7 – Ensuring access to reliable energy 
sources, sustainable and modern for all (Table 1.6).
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The association between the SDGs and the two socio-economic variables: GDP 
per capita and level of education is presented below. From the analysis we conclude 
that there is a statistically significant association between the majority of the SDDs 
and the two socio-economic variables. This means that by analysing all the SDBs, 
we found that for each unit increase in the value of GDP the number of SDBs 
included in projects/good practice swells by 1.016%. A similar situation occurs 
regarding the level of education.

There is no longer a significant association between the two socio-economic 
variables and the SDS 7  – Ensuring access to reliable, sustainable and modern 
energy sources for all, SDS 9 – Building resilient infrastructure, promoting inclu-
sive and sustainable industrialization and fostering innovation and SDS 16 – Peace, 
justice and effective institutions (Table 1.7).

Table 1.6 Spearman correlation between SGDs (in Portuguese ODS)

Source: Authors
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Table 1.7 Association (relative risk) between number of SDGs and socio-economic variables

GDP per capita Level of education
Total 1.016 (p < 0,001) 1.084 (p < 0,001)
SDG 1 1.015 (p < 0,001) 1.097 (p < 0,001)
SDG 2 1.020 (p < 0.001) 1.119 (p < 0,001)
SDG 3 1.012 (p < 0,001) 1.072 (p < 0,001)
SDG 4 1.013 (p < 0.001) 1.068 (p < 0,001)
SDG 5 1.013 (p < 0.001) 1.070 (p < 0,001)
SDG 6 1.020 (p < 0.001) 1.080 (p > 0,01)
SDG 7 0.994 (n.s.) 0.963 (n.s.)
SDG 8 1.015 (p < 0,001) 1.081 (p < 0,001)
SDG 9 1.009 (n.s.) 1.034 (n.s.)
SDG 10 1.008 (p > 0,05) 1.067 (p < 0,001)
SDG 11 1.022 (p < 0,001) 1.116 (p < 0.001)
SDG 12 1.022 (p < 0,001) 1.095 (p < 0,001)
SDG 13 1.023 (p < 0.001) 1.105 (p < 0.001)
SDG 14 1.008 (n.s.) 1.067 (p > 0,05)
SDG 15 1.021 (p < 0,001) 1.103 (p < 0.001)
SDG 16 1.004 (n.s) 1.025 (n.s.)
SDG 17 1.013 (p < 0.001) 1.078 (p < 0,001)

Source: Own Development

1.5  Conclusions

The present study had the following objectives: to know which of the largest 
Portuguese municipalities have sustainability reports; to identify what regulation 
scans followed in the preparation of the sustainability report; to identify the objec-
tives for sustainable development included in the projects and in the good practices 
of the municipalities evaluated and to evaluate the association between the fre-
quency with which the objectives for sustainable development in projects and good 
practices and the level of education of the population and GDP of the municipalities 
are included.

When analysing which of the 25 largest municipalities had available on their 
website’s sustainability reports, we found that the three municipalities had a 
Sustainability Report, or at least one report that addressed the three fundamental 
strands that was based on our study (GRI, ISO 37120 and SDGs). These municipali-
ties were the Municipality of Porto, Braga and Vila Nova de Famalicão (located in 
the Northern Region). This goes against the results of Barut et al. (2016), which 
emphasized the underdevelopment of the report on sustainability by local govern-
ment. In turn, we conclude that, as Greco et al. states. (2015), information about 
sustainability is a form of legitimacy for municipalities, and the involvement of 
stakeholders becomes fundamental in this legitimation.
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In terms of the relevant information provided by the reports the Porto and Braga 
in fact stood out from that of Vila Nova de Famalicão. This was because they pre-
sented both the SDGs and the GRI that were following concretely, while the Vila 
Nova de Famalicão only addressed the SDGs. The latter claimed to follow the GRI 
but did not show which ones specifically.

The Municipalities of Porto and Braga present numerous indicators related to the 
economic, environmental and social factors that affect their municipality. Regarding 
Vila Nova de Famalicão, it presents several indicators, however, in terms of rele-
vance does not rise to the levels of the others studied.

In terms of design, once again those of Porto and Braga presented a high quality 
with tables that allowed us to understand the evolution of indicators over the years, 
as well as the colours chosen were well distributed which provides the reader with 
a more fun reading.

We would like to give a detail that places the Sustainability Report of the 
Municipality of Porto above the others, which is based on the interconnection that 
it places in each SDA. This interconnection allows the reader to access the SO web-
site and understand the meaning of it and its contribution to the sustainability of 
society.

Then, in analysing these reports, we concluded that the other municipalities, 
despite not presenting sustainability reports, their concern with this theme was 
noted in the sense that the majority presented projects and good practices addressed 
the SDDs promoted by the 2030 Agenda. We also found that the three municipali-
ties that have the most projects and good practices taking into account the number 
of SDGs covered are: Vila Nova de Gaia (18.0%), Cascais (17.9%) and Lisbon 
(13.2%).

We conclude that eight municipalities do not present any project or good prac-
tices under the objectives for sustainable development. We also found that the SDGs 
that municipalities have more projects and good practices are SDGs 1 – Eradication 
of poverty (9.4%); SDGs 3 – Health and quality (9.3%); SDGs 4 – Quality educa-
tion (12.4%) and SDGs 11 – sustainable cities and communities (10.5%). On the 
other hand, those SDGs that have fewer projects and good practices in the munici-
palities under analysis are: SDGs 6 – Clean water and sanitation and SDGs 7 – 
renewable energies.

We found, in analysing the correlation between the SDG that a significant cor-
relation is made between most SDDs, with the exception of SDG 2 – Eradicating 
hunger and SDG 7 – Ensuring access to reliable, sustainable and modern energy 
sources for all, SDG 1 – Eradicating poverty and 7 – Ensuring access to reliable 
energy sources, sustainable and modern for all, SDG 6 – Ensuring the availability 
and sustainable management of drinking water and sanitation for all and 7  – 
Ensuring access to reliable, sustainable and modern energy sources for all and SDG 
14 and 6 – Ensuring the availability and sustainable management of drinking water 
and sanitation for all and SDG 15 and 7 – Ensuring access to reliable energy sources, 
sustainable and modern for all.

Finally, when assessing the association between the frequency with which the 
SDGs are included in projects and good practices and the level of education of the 
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population and GDP of the municipalities, we found that there is an association 
between the SDGs and the two socioeconomic variables mentioned above.

We point out as a limitation to the present study the fact that we only made the 
analysis to the largest municipalities, which does not allow us to conclude in a gen-
eralist way what occurs in the 308 municipalities.

This study contributes to the literature on sustainability essentially in two aspects. 
The first is that sustainability is effectively, although it is a theme that is on the 
agenda, there are still practical terms to go. In other words, more and more public 
sector officials should have information to be disclosed through sustainability 
reports in accordance with current standards. On the other hand, we have found that 
the dissemination of information about sustainability becomes an important respon-
sibility tool for both internal and external users.

As clues to future research, we suggest investigating alternatives for the sustain-
ability communication of municipalities, as well as their framework and standards. 
We also suggest the analysis of the association with other indicators such as budget 
and population density. And finally, the analysis of all Portuguese municipalities to 
be possible to compare with local governments at European level.
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2Understanding Sustainable Innovations 
in Malaysia’s Public Procurement 
Initiatives

Nur Faiza Ishak and Vinesh Thiruchelvam

2.1  Introduction

Public policy is outlined according to its specific requirement, target group and 
value consequences. According to Walker (2000), the goal is to provide an overview 
that can clarify the problem, define the targets and provide guidance on how to 
achieve them. As a start, Malaysia begins to develop sustainability efforts through 
the environmental dimensions in the year 2016 and to move towards other dimen-
sions as of now. When the United Nations (UN) first launched the sustainable devel-
opment goals (SDGs) Agenda in 2016, the 11th Malaysia Plan was reorganized, 
SDGs targets and indicators are closely associated with the 11th Malaysia Plan 
(11MP) from 2016 to 2020, where Malaysia committed to pursuing green growth 
and adopting sustainable consumption and production concepts (EPU, 2015). 
Currently, the 12th Malaysia Plan (12MP) enlisted three main themes related to 
sustainability, innovation, procurement and green economic growth; generating 
income through green practice and encouraging SME participation, reinforcing 
inclusivity through increasing Bumiputera resiliency and encouraging green growth, 
and finally, increase sustainability towards the low-carbon city and green economy 
growth (Economic Planning Unit, 2021b).

Predominantly, public procurement can be a lever to deliver broader government 
objectives, such as boosting more innovation in supply markets, using public money 
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to encourage social and environmental goals and supporting the local industry 
(Nijboer et al., 2017). Furthermore, the Economic Planning Unit (2017) reported 
that since 2013, the government’s spending on green procurement has achieved up 
to RM429 million. By implementing sustainable procurement as the biggest single 
buyer, the country as a whole will benefit economically without damaging the envi-
ronment and harming the society. Tremendous studies focus on either only the envi-
ronmental dimension or the sustainable dimension without integrating the 
innovation aspect.

From a narrower perspective, Eikelboom et  al. (2018) and Rolfstam (2012) 
defined sustainable innovation through public procurement in a much simpler way 
as purchasing activities which do not compromise the needs of future generations 
being carried out by public agencies that lead to innovation. The practice applies not 
only to products, services and technologies but also to new business and organiza-
tional models. Sustainable innovations through public procurement can be devel-
oped in various options, such as an enhanced product, a synergized product or a 
product-service system that will benefit the environment, economy and social ele-
ments of sustainability (Alhola & Nissinen, 2018). Furthermore, sustainable inno-
vations through public procurement can be implemented at all levels to assist the 
country in achieving goals for the sustainability agenda.

Through a more comprehensive picture, this study allows the industry to recognize 
the main objective of overall policies is to achieve green economic growth regardless 
of sector. Another aim of this study also allows us to organize individual policies into 
a strategic framework to understand the relationship and prove that they can contribute 
to each other’s goals. Furthermore, towards reviewing the core policies related to sus-
tainability, innovations and public procurement in Malaysia, this study will evaluate 
the policy perspective in achieving the nation’s SDGs Goals 2030.

This study makes several contributions to the body of knowledge. First, this 
study is beneficial for the administrator executive amongst the civil servant to asso-
ciate with actual on-the-ground practices. Since the policies underlined are of dif-
ferent ministries and stakeholders, the final framework can help the policy enabler 
oversee the whole perspective of sustainable innovations in the public procurement 
context. Besides, the key prominent goal of each stand-alone policy is explained 
further in this study.

The rest of this paper is structured as follows. Section 2.2 describes previous 
research on sustainable innovation implementation in public procurement and 
addresses the missing context of the existing research. Section 2.3 provides a brief 
introduction to all sustainable innovations in public procurement-related policies in 
Malaysia. Section 2.4 describes the policy framework proposed in this study, and 
Sect. 2.5 presents the study’s conclusions and recommendations.
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2.2  Existing Public Procurement Action in Achieving 
Sustainable Innovations

Recent discussions of sustainability and innovations in public procurement mainly 
focuses on various implementation globally. A study by Bucea-Manea-țoniș et  al. 
(2021) in Romanian agriculture proposed that the sustainable incorporation of innova-
tive products and services will be able to address the barriers encountered, such as the 
ability to produce constant supply, reduce the cost and longer shelf life of the product. 
This study is similar to Morley (2020) who also agrees that the act of purchasing by 
public organizations in the UK has the ability to stimulate a broader sustainability 
practice through the knowledge spill over in the industry. Furthermore, Zipperer 
(2019) also suggested that it is appropriate to further invest in sustainable innovation 
solutions to reduce the price in the long run in Germany’s context. However, follow-
ing the incorporation of sustainable innovation initiatives, a further study by Todeschini 
et al. (2020) found that only a small number of consumers decided to purchase the 
fashion product in Brazil due to no further price cuts contributed.

Another study by Ghisetti (2017) in the EU revealed that 44% of the respondents 
who have won at least one tender stated that they had included environmental inno-
vation in their procurement contract. Among the organizations are well-established 
firms that are innovators themselves. However, research in Germany’s public pro-
curement context between 2006 and 2016 only identified 2.19% of the tender that 
had included GPP innovation (Zipperer, 2019).

Since sustainable innovation practice in public procurement has a minimal over-
view from the previous researcher, it is significant to focus on the ground rule of 
sustainable public procurement to encourage innovation implementation. Besides, 
policy commitment will be able to be the benchmark for the decision-making pro-
cess by public and private organizations on a broader scale. Hence, it is wise to start 
with understanding Malaysia’s policy outline that can be utilized to implement sus-
tainable innovations through the public procurement process.

To date, there have been decent studies on implementing sustainable procure-
ment in Malaysia (Ishak & Thiruchelvam, 2022; Vejaratnam et al., 2020). However, 
most recent studies only focused on the construction sectors (Bidin et  al., 2020; 
Jaaffar & Kaman, 2020) and the manufacturing industry (Chan et al., 2016; Yusr 
et al., 2020). Nevertheless, an early study by Adham and Siwar (2012c) reviewed 
Malaysia’s current policy related to the economics and overall public procurement 
directions. His study was then supported by other subsequent findings by Musa 
et al. (2013) which indicated four (4) key factors that drive organizations towards 
implementation success; one of them is the familiarity of policies framework. Bidin 
et al. (2020) and Liu et al. (2019) mentioned similar findings related to the impor-
tance of solid policy coherences too. Hence, conducting a document review of 
Malaysia’s latest policy will address the policy continuity to ensure that Malaysia is 
on the right path towards successfully implementing sustainable innovations through 
the public procurement process.

2 Understanding Sustainable Innovations in Malaysia’s Public Procurement Initiatives
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2.3  Towards Sustainable Innovations in Malaysia 
Public Procurement

When people discuss sustainability, the most crucial thing is to achieve the needs 
without compromising the environment, social and economic aspects. Even though 
many have related sustainability to the environmental dimension, holistically, sus-
tainability encompasses a broader target in terms of benefitting social welfare and 
boosting the local economy. Sustainability terms are becoming increasingly popular 
and are widely known as one of the drivers of innovation (Spindler, 2013). On top 
of that, public procurement can also drive the innovation cycle through R&D man-
agement, commercialization and project and risk management (Obwegeser & 
Müller, 2018).

In Malaysia, sustainability and innovation in public procurement are in line with 
the national sustainability objectives through various commitments and policies. 
The spill over from sustainable public procurement implementation has driven the 
market for innovation in related products or services (Haugbølle & Raffnsøe, 2019; 
Rainville, 2016). Furthermore, the contribution of sustainable innovations through 
public procurement will be able to deliver “the most economically advantageous 
tender” and at the same time, influence the supply chain market in prioritizing sus-
tainable innovations market. Besides, Uyarra (2013) agreed that the inclusivity of 
sustainable innovations through the procurement process might improve the service 
delivery of the public sector itself.

This study employed a qualitative study using document analysis research design 
in order to address the main objective. The document analysis method mainly 
focused on three (3) steps; namely skimming, reading and interpretation (Bowen, 
2009). The document analysis method is based on secondary data obtained from the 
official website of Malaysia’s Government and its related ministries, filtered with 
only the latest policy, which will be analysed. Moreover, the document analysis 
method helps understand the historical flow, legislation requirement, current policy 
constraint and the expected output and outcome of each policy. Besides, according 
to Mackieson et al. (2019), official secondary data from the government are consid-
ered a good data source of official provenance with high-quality content.

There are a few selection criteria when choosing the related official documents. 
The policy must be current and active, ongoing implementation and related to either 
sustainability or innovations with the procurement process included. Besides, the 
policies must be applicable to all key stakeholders, either the ministries, state 
Government offices or even the private organizations in all sectors. After carefully 
exploring Malaysia’s government’s official websites, seven (7) main policies related 
to sustainable innovations in public procurement were selected. The complete flow 
for retrieving secondary data for this study is illustrated in Fig. 2.1.
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Fig. 2.1 Data gathering 
flow for this study

2.3.1  12th Malaysia Plan

The Malaysia Plan was first introduced in the year 1970 to address economic and 
social issues within a span of five (5) years period. This includes welfare, employ-
ment opportunities, new economic activities, as well as health and social well-being. 
The Five-Year Development Plans set out the macro-economic growth targets and 
the size and allocation of the public sector development programs. At the same time, 
it states the indicative role envisaged for the private sector. After more than 50 years, 
in 2021, Malaysia’s Government launched Twelfth Plan 2021–2025 with the goal of 
“Keluarga Malaysia – Prosperous, Inclusive, Sustainable”. The 12th Malaysia Plan 
(12MP) is anchored on three (3) themes, four (4) policy enablers, nine (9) focus 
areas and 14 game changers (Jabatan Perdana Menteri, 2021).

According to Economic Planning Unit (2021a), the 12MP aims to concentrate on 
existing problems whilst simultaneously reviving Malaysia’s socio-economic devel-
opment. Unlike other Malaysia Plans, the 12MP addresses several economic chal-
lenges, an ever-ready workforce and good well-being of the whole community due 
to the terrible pandemic aftermath. This measure also includes sustainability and 
prosperity in the long term by improving society’s well-being. Ultimately, 12MP 
addresses the issues faced in implementing 11MP and targets to deliver the principle 
of togetherness and a resilient economy. The 12MP will further continue to embed 
each strategy aligned to the SDGs Agenda. Hence, we can consider the 12MP as the 
“umbrella” surrounding the following policies in the following subsections to make 
Malaysia a sustainable growing nation for future advancements. Figure 2.2 shows 
the overall structure of the 12MP according to the theme, policy enabler, game 
changer and strategy.

2 Understanding Sustainable Innovations in Malaysia’s Public Procurement Initiatives
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Fig. 2.2 12th Malaysia Plan structure

2.3.2  The National Science, Technology and Innovation 
Policy (NSTIP)

Another significant agenda of innovation is through various policy initiatives since 
2010 such as Innovating Malaysia Framework (2011), Public Sector Initiatives 
(2012) and the National Science, Technology and Innovation Policy (2015) (Ramli 
et al., 2017). Specifically, Malaysia’s government has enlisted the National Science, 
Technology, Innovation and Economic Policy 2021–2030 (NSTIP) to cater to new 
innovative developments and support the nation’s economy. To achieve the mission 
of a sustainable, inclusive and scientifically enriched society towards a high-tech 
nation, six (6) strategic thrusts were introduced as shown in Fig. 2.3.

One of the programs embedded in NSTIP is the National Technology and 
Innovation Sandbox. This program encourages organizations to spur innovation and 
technology from local suppliers where they can participate in public procurement 
with no restrictions. When innovation and sustainability are being implemented 
across the country as a policy instrument, it can stimulate the local economy, pro-
mote labour rights and encourage the development of new technologies.

On top of that, Malaysia’s GGP initiatives in the long-term action plan have also 
included innovative solutions in public procurement which is known as public pro-
curement promoting innovation (PPPI). Furthermore, sustainable innovation solu-
tions will create higher value-added products at competitive prices in the long term. 
Likewise, the market will be encouraged to supply innovative products or solutions 
instead of the conventional supply available. Through this effort, there will be smart 
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Fig. 2.3 Six (6) strategic thrusts of NSTIP. (Source: Ministry of Science Technology and 
Innovation, 2021)

funding for sustainable innovation research that will benefit both the government 
and the industry. According to Ramli et al. (2017), the presence of innovation policy 
will encourage more innovation-related activities in fast-growing countries. Besides, 
with the government being the single biggest spender in the country, innovations 
through public procurement will promote sustainability solutions to spur more 
demand (Knutsson & Thomasson, 2014). Through this action, the rise of sustain-
able innovative products and services through public procurement demand can push 
the industry player to provide more innovative products and solutions.

2.3.3  Government Green Procurement (GGP)

Various countries have begun to set up national policies and capacity building to 
promote sustainable and innovative solutions through the act of public purchasing 
(Alhola & Nissinen, 2018). Kahlenborn et al. (2014) defined green procurement as 
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“procurement that is consistent with the principles of sustainable development, such 
as ensuring a strong, healthy and just society, living within environmental limits and 
promoting good governance.” Green public procurement (GPP) is expected to play 
an essential role in adopting sustainable consumption and production framework. 
Besides, the GPP initiative is parallel to promoting public procurement policies to 
develop environmentally friendly goods and services (Adham & Siwar, 2012a). 
Green procurement is also known as Environmental Responsible Public Procurement, 
Sustainable Public Procurement, Environmental Product Procurement, Green 
Purchasing and Eco-Procurement (Michelsen & de Boer, 2009). Through an effec-
tive policy, governments can also demonstrate the effectiveness and practicality of 
sustainable procurement by setting an example for other private organizations 
(European Commission, 2020).

Like GPP, Malaysia through Kahlenborn et  al. (2014) has released its own 
Government Green Procurement (GGP) to improve the efficiency of public procure-
ment by utilizing public market influence to transform Malaysia’s economy into a 
green economy. GGP in Malaysia uses the same concept as the GPP term that has 
been used globally. Adham and Siwar (2012b) defined GGP as the purchase of sup-
plies, services and works by public organizations considering environmental criteria 
to minimize environmental harm, accelerate the national economy and foster sus-
tainable development. Malaysia has also considered GGP in the 11th Malaysia Plan 
(11MP) from 2016 to 2020 through its fifth pillar which is to achieve at least 20% 
of GGP on selected green products and services. Additionally, GGP has been listed 
as one of the pathways to increase the demand for green products and services by 
encouraging industries to meet green requirements. To achieve this, Malaysia has 
developed GGP Short-Term Action Plan (STAP) in the year 2014–2015 and the 
Long-Term Action Plan (LTAP) by targeting at least 20% of procurement to be 
green by the year 2020, 50% green by 2025 and by 2030, 100% of procurement to 
be green (Economic Planning Unit, 2016).

Even though most of the developed countries acknowledge the importance of 
green practices, developing countries such as Malaysia and other southeast Asian 
countries are just at their starting point (Bohari et  al., 2017). Amongst all, GGP 
benefited in terms of supporting local innovation, the economy and the innovative 
solution market. The inclusivity of environmental, social and economic dimensions 
can be seen in Malaysia’s GGP initiative through its Long-Term Action Plan 
2016–2025, which will indirectly encourage innovation through local vendors. 
Through GGP 3.0 Policy Guidelines too, the product list has been extended to 40 
products and services compared to only six (6) when the policy was first introduced 
(EPU, 2020). Entering 2021, GGP 3.0 Policy Guidelines’ key highlight is expand-
ing from only the environmental dimension to social and innovation aspects in pub-
lic procurement.
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2.3.4  The National Sustainable Consumption 
and Production Blueprint

According to UNDP (2018), Malaysia’s leading cause of environmental degrada-
tion and resource depletion is due to the current consumption and production trends. 
It is crucial for Malaysia to economically benefit the people without harming the 
environment and affecting the economy. A study by Adham et al. (2013) shows that 
since 2010, Malaysia has considered several policy objectives such as the New 
Economic Model and 10th Malaysia Plan (2011–2015) that integrated life cycle 
objectives with fiscal and economic incentives. Apart from the above-mentioned 
policies, Economic Planning Unit (EPU) in the year 2016 introduced The National 
Sustainable Consumption and Production (SCP) Blueprint 2016–2030 with its own 
tagline “more and better with less” (EPU, 2016). Associating SCP with existing 
policies will complement all national objectives, development plans and achieve 
global goals by promoting economic growth without compromising the environ-
ment or jeopardizing the needs of future generations.

The National SCP Blueprint enlisted ten (10) pathways through a regulatory 
framework, economic growth, social inclusivity and environment protection. The 
purpose is to improve the standard of living and achieve a better quality of life for 
its people for the following 15  years of implementation until 2030. It will also 
address the most relevant sectors for green growth, which account for a higher per-
centage of Malaysia’s Gross Domestic Product (GDP). Among the ten pathways 
paved, the first pathway is “Leading by example through Government Green 
Procurement (GGP),” where the overall implementation target would be “20% 
green procurement until 2020, 50% until 2025 and 100% until 2030” (EPU, 2016).

2.3.5  Malaysia’s New Economic Model

In addition, the New Economic Model (NEM) is a framework to drive the nation 
towards a high-nation status by embracing three goals: high income, inclusiveness 
and sustainability. Apart from that, NEM also proposed that economic sustainability 
and environmental protection must be the key component to enhancing public sec-
tor efficiency. Through NEM too, the latest public procurement guidelines empha-
sized the preferential margin and quota for local products and services of Bumiputera 
companies (Adham & Siwar, 2012a; Ministry of Finance, 2020). Preferences 
favouring the indigenous Malays or Bumiputera existed in colonial Malaya through 
Article 153 of the new Constitution as part of a package of criteria aimed at securing 
multi-ethnic support (McCrudden & Gross, 2006). Bumiputera priority is similar to 
the indigenous program that was introduced in Indonesia (Sarulla Operations 
Limited, 2015), Australia (Australian government, 2015), Nigeria (Akenroye, 2013) 
and Canada (Mah, 2014). Furthermore, it is crucial to consider the inclusivity crite-
ria of local products and Bumiputera’s priorities do not defeat the purpose of achiev-
ing sustainable procurement and supporting economic growth.
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In addition to that, the government also mandated tenderers be awarded a spe-
cific value of tenders to participate and contribute to the Industrial Collaboration 
Program (ICP). ICP is a proposition consisting of activities that will add value to 
public procurement considering cost-effectiveness. The ICP implementation can 
strategize procurement through global supply chain participation by the local 
industry players. According to Abdullah and Safari (2018), the ICP program is 
also known as a countertrade and offset programs such as a buy-back scheme, 
barter trade or direct offset program. The industry players shall contribute to the 
government in terms of technology transfer, intellectual property rights, capacity 
building, human resources, global supply chain or global R&D with local institu-
tions as well as reduce the outflow of local currency (Technology Depository 
Agency: TDA, 2021). A study by Abdullah and Safari (2018) also revealed that 
Malaysia had piloted 34 projects valued at up to RM45 billion and a 400% return 
investment.

2.3.6  Malaysia’s Public Procurement Guidelines

In public organizations, the procurement regime is usually associated with a critical 
decision-making process by procurement officers and top management who are 
obliged to regulations. Potentially, public procurement exercises can use the pur-
chasing power to help the organization achieve a better sustainability goal which 
includes expanding an environmentally friendly market, encouraging a good social 
value for the society and driving the local economy (Cravero, 2017; Zeppel, 2014). 
Through the broader reach too, public procurement can stimulate innovations in 
developing a new product, service or even process model in an organization to 
ensure the best value for money.

In the current year, Malaysia’s public sector mainly consists of the organiza-
tions under the Federal Government with 27 Federal Ministries commanded by 
respective Ministers and administrative Secretary General (Ministry of Finance, 
2021). Each ministry has various departments and agencies responsible for effec-
tively accommodating specific tasks. In Malaysia, public procurement is primar-
ily regulated by the Ministry of Finance (MOF) through Financial Procedure Act 
1957 and the Government Contract Act 1949. The procurement methods, proce-
dures to be followed and the guiding principles are laid down in the Treasury 
Instructions (Arahan Perbendaharaan), supplemented by Treasury Circulars in 
1-Pekeliling Perbendaharaan (1PP). The government stipulates that any procure-
ment shall follow five fundamental principles: public accountability, transpar-
ency, value for money, open and fair competition and fair dealings (Ministry of 
Finance, 2013). A summary of a typical Malaysia’s public procurement proce-
dures is shown in Fig. 2.4.
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Fig. 2.4 Malaysia’s public procurement procedures according to Treasury Circulars

2.3.7  Impact-Driven Public Social Procurement 
Programme (PPISK)

Compared to the environmental dimension in GPP that has been exercised for quite 
some time, socially responsible criteria in public procurement (SRPP) are new with 
limited global policies. As one of the pioneers, the European Commission intends to 
facilitate the uptake of socially responsible criteria in public procurement and to 
promote their use across the EU (European Commission, 2021a). According to 
European Commission (2021b), SRPP is grounded in the 2014 EU harmonized 
public procurement rules based on the Treaty principles and social aspects. Public 
authorities can engage in socially responsible public procurement by buying ethical 
products and services and using public tenders to create job opportunities, decent 
work, social and professional inclusion and better conditions for disabled and dis-
advantaged people. On the other hand, SRPP in Australia focuses on the Indigenous 
Procurement Policy (2020), Equal Opportunity for Women in the Workplace Policy 
and the Victorian Social Procurement Framework (2017) (Barraket et  al., 2021; 
Troje, 2021). Similarly, the Canadian government has recently adopted the 
Community Employment Benefit Policy to improve employment opportunities for 
under-represented groups in significant infrastructure projects (Social Enterprise 
Ecosystem Project, 2015).

Despite the main policy on GGP, Malaysia has currently initiated a Public Social 
Procurement Program or known as Program Perolehan Impak Sosial Kerajaan 
(PPISK) in the year 2021, which aims to leverage the purchasing power in positive 
social outcomes for the country. The program offers priority to organizations and 
enterprises that can propose products or services that are readily available that com-
ply with social criteria. As a start, PPISK onboarded 11 products and services that 
can offer social benefits such as fair opportunities, empowering local skills, improv-
ing the likelihoods of women, building safe and sustainable livelihoods to the com-
munity, offering job employment for people with disabilities or supporting aboriginal 
villagers (MaGIC, 2021a). The objective of PPISK is mainly to encourage social 
entrepreneurs and innovations to offer measurable social benefits through the pro-
cured product groups.
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Furthermore, PPISK was established through three initiatives: (1) priority is 
given to registered enterprises/organizations that pledge to offer social inclusions, 
(2) no restriction of participation in any tender values and (3) waived criteria for 
ePerolehan (e-Procurement) (MaGIC, 2021b). As a result, the Malaysian govern-
ment has pledged a total of RM20 million in social procurement options that can be 
utilized. On the other hand, the effort of PPISK is expected to offer fair opportuni-
ties for businesses to grow in terms of social-impact solutions and at the same time 
to increase more awareness regarding the importance of sustainable growth and 
equitable society.

2.3.8  Malaysia’s Policy Timeline

After a fundamental strategic policy review, it is evident that all existing policies 
that address sustainable innovations in public procurement are grounded in the 12th 
Malaysia Plan. Apparently, even though the ultimate goal of the 12th Malaysia Plan 
is to achieve green economic growth, but the strategic planning does not solely 
focus on the environmental or economic dimension. Instead, any economic devel-
opment should not compromise the environment, social considerations and innova-
tive solutions.

The review of this study also shows Malaysia’s strategic policy on sustainable 
innovations in public procurement is quite fragmented. Each dimension of sustain-
able innovation and public procurement has its own policy that was outlined inde-
pendently. However, these policies underline that implementing sustainable 
innovations in public procurement is essential in the long term. Hence, Fig.  2.5 
illustrates the timeline of ongoing active policy for sustainable innovations and pub-
lic procurement in Malaysia’s development plan.

Fig. 2.5 Timeline of sustainable innovations in public procurement policies in Malaysia
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2.4  Overall Policy Framework

This study focuses on how sustainable innovations in public procurement address 
Malaysia’s strategic policy to achieve the nation’s objective. Trying to address any 
of the three sustainability pillars in isolation will often result in a trade-off and cause 
the whole framework to collapse (Aila & Ototo, 2018). Therefore, a balancing 
approach between all three aspects of sustainability in public procurement will be 
able to drive the opportunities and see the impact it has at the end of the process. 
Based on the strategic policy review too, the overall policy framework is grounded 
in the umbrella of the 12MP which holistically covers each aspect of the environ-
ment, social, economic and innovation in public procurement. Each element is 
bound by at least one active policy as the guidelines that can be referred to during 
the decision-making process. Furthermore, the whole framework shows the right 
balance between the environment, society and economy to ensure long-term innova-
tive achievement. Figure 2.6 shows the compilation of policies that connect this 
study as a framework.

Through this fundamental policy review, we can summarize that Malaysia’s gov-
ernment is doing well at sketching structured strategic planning. Overall, when 
visualizing the policy framework holistically, necessary resources are required to 
make it happen. For example, a strong capacity building is crucial to ensure that the 
implementation of these policies will be materialized within the allocated time 
frame. Besides, enabling economic resources and encouraging the industry to work 
hand-in-hand can effectively expedite Malaysia’s green economic growth.

The idea of collaborating on both sustainability and innovation as a catalyst is 
nothing new. Even though Malaysia is still at the infancy level of implementing 
sustainable innovation criteria in the public procurement process, but the action plan 
shows a promising path. Moreover, the existing regulations and legal acts in the 

Fig. 2.6 Sustainable innovations of public procurement policy framework in Malaysia
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social and economic dimensions will ease the process of implementation too. For 
example, Malaysia’s Employment Act clearly indicates the employee’s rights such 
as minimum wages, annual leave entitlement, gender equality, age limit and work-
ing hours (Employment Act 1955, 2012). Similarly, a study by Salmoral et  al. 
(2020) shows that robust enforcement and governance should be initiated if the 
nation’s key objective is to be achieved soon.

The formulation of sustainability and innovation criteria in the public procure-
ment process requires the involvement of all key stakeholders. Even though the 
policies are formulated by the government, those policies are treated as the nation’s 
guideline for other organizations and industry players to follow through. Mainly, 
these policies were considered the main parameter before any other subpolicy could 
be used as their additional standards.

2.5  Conclusions

As the global world evolves rapidly, exclusive focus on only a specific target is no 
longer practical. This perspective brings to light the need for a more practical appli-
cation of the sustainability concept in public procurement, which seeks to balance 
the environmental, social and economic pillars in consumption decision-making. 
The findings of this study managed to connect the invisible bridge and set the policy 
directions towards the same goal: green economic growth. It also proves that these 
policies complement each other towards the national fulfilment of sustainability. 
Rest assured, implementing these policies can result in quality assurance and trans-
parency in the public procurement process. More importantly, this study contributes 
to the overall understanding of sustainable innovations in public procurement poli-
cies and extends the literature by integrating existing policies to develop a new 
framework for public procurers. Moreover, this study proves that on top of regulat-
ing new policies, the main concern of accomplishing the sustainability agenda of 
SDGs is being addressed accordingly. Nevertheless, this study can be used deliber-
ately as a path towards synchronizing various strategic initiatives and policies by 
systematically looking at the policies’ objectives.

However, this study is only limited to the active policies that are currently ongo-
ing and being implemented in Malaysia. Some policies are being enhanced and 
replaced the former policy but still embed the key criteria listed earlier. Furthermore, 
this study only focuses on the policies written by public organizations and minis-
tries. At the same time, there are also individual policies, especially from private 
organizations that have been practising sustainable innovations in their procurement 
procedures, which are excluded from this study.

Even though a decent number of policies exist to guide Malaysia towards sus-
tainability and innovations, it does not mean that there are no challenges in practis-
ing them. To further benefit all related stakeholders, this study can be extended 
towards the actual performance and implementation of sustainable innovations in 
the public procurement process. Besides, it is also possible to compare policy analy-
sis between developed and developing countries to assess the actual performance of 

N. F. Ishak and V. Thiruchelvam



49

sustainable innovations in public procurement. Having said that, future studies on a 
comprehensive view of sustainable innovations in public procurement implementa-
tion would be an excellent benchmark for the overall impact of the organization’s 
actual performance.
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3Induction Heating System for Industrial 
Bearings or Common Appliances

Alexandre Diogo Leites da Silva, 
José Alberto Campos Neves, and Nelson Neves

3.1  Introduction

The conventional methods for heating steel bearings, to facilitate their placement on 
a machine shaft, such as engines and alternators, are open flame, oil bath heating, 
resistive plates and resistive furnace heaters.

According to SKF (2022), the first solution brings risks to the user and can cause 
structural damage to the bearing. The second solution is environmentally unadvis-
able, besides contaminating the bearing with oil and possibly compromising its 
future performance. The third solution is characterized by excessive thermal energy 
loss. The fourth solution, although more efficient than the previous one, is more 
expensive, due to the cost of the furnace. In addition, the clogging of the furnace to 
accommodate large bearings makes it difficult to heat them near the electric machine 
shaft, increasing risks of improper bearing assembly.

Currently, induction heating is one of the key metal industry applications, based 
on three main effects: electromagnetic induction, skin effect and heat transfer. The 
proposed system uses an electronic power converter for coil current control, and 
consequently, the temperature, an AVR microcontroller plus a set of sensors to mea-
sure the necessary variables of the induction heating process. Such system reduces 
the risk of incorrect use and improves energy efficiency (Mohan et al., 2003) when 
compared to conventional heating devices. This work aims to develop high-energy 
efficiency induction heater system, without environmental risks, that minimizes 
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problems of inadequate assembly, and fulfilling the requirements of the heating 
process of steel alloys bearings. This induction-based heater guarantees the appro-
priate process temperature as the temperature differential between the inner and 
outer rings, within manufacturer specified limits.

This chapter is divided into five parts. In the first part, presents an introduction to 
the subject. The second part is a review of the induction heating methods. The third 
part describes the applied method, and in the fourth, results are presented and evalu-
ated. Finally, a conclusion is drawn up indicating practical implications, limitations 
and other issues as well as future lines of development.

3.2  Literature Review

In induction heating, the temperature rise in the workpiece is caused by its electrical 
conduction characteristic. This phenomenon is called Foucault currents, also known 
as Eddy currents, caused by electromagnetic induction (Umans et al., 2014) that is 
frequency dependent. When compared to conventional heating systems, as is the 
case of oil bath heating, open flame heating and resistive furnace heaters, induction 
heating is safe, clean, quick and efficient (Mohan et al., 2003), allowing a defined 
section of the workpiece to be heated accurately. This is the heating technology of 
choice in many industrial, domestic (Khatroth et al., 2021) and medical applications 
due to its advantages regarding efficiency (Lucia et al., 2013), heating speed, safety, 
cleanness and accurate control. Low frequency and high frequency power convert-
ers are, both, used in induction heaters (Mohan et al., 2003; Shen et al., 2006).

The magnitude of the induced currents in workpiece decreases exponentially 
with the distance x from the surface, by the equation I(x) = I0e−x/δ where I0 is the cur-
rent at the surface and and δ is the penetration depth at which the current is reduced 
to I0 times a factor 1/e (Mohan et al., 2003). The penetration depth is inversely pro-
portional to the square root of the frequency f (Hz) and the magnetic permeability μ 
(H/m) of the workpiece and is proportional to the square root of the material resis-
tivity ρ (Ω.m), as shown by Eq. 3.1 (Mohan et al., 2003; Rudnev et al., 2017).

 

�
�

� � �
�

. .f r 0  
(3.1)

Consequently, the workpiece apparent cross section in alternated current (Sac) is 
smaller than the real cross section in direct current (Sreal). The resulting effect is 

greater electric resistance R R
S

Sac dc
real

ac

=  that heats more by Joule effect. Figure 3.1 

depicts the apparent cross section of a circular conductor carrying an alternating 
current.

Circulating currents are caused in the workpiece by currents in the induction 
coil. The induction load can be represented by an equivalent resistance R in series 
with the coil reactance jωL. The equivalent resistance Rac is the electric resistance of 
the workpiece (Mohan et al., 2003), which is dependent of the penetration depth and 
temperature.

A. D. L. da Silva et al.



57

Fig. 3.1 Apparent and real 
cross section

Using a power converter, such an AC/AC working at constant frequency (Séguier 
et al., 2015), the knowledge of the current and voltage phase difference in the cir-
cuit, is essential to find the minimum value of the power switches firing angle, 
e.g. thyristors. In an RL load, the phase difference between voltage and cur-

rent is �
�

� �
�
�

�
�
�arctg

L

R
.

The firing angle of the power switches Ψ must have the following conditions: 
φ < Ψ < π for one thyristor and π + φ < π + Ψ < 2π for the other one. Eddy currents 
generate, by Joule effect, a thermal power per mass unit (W/Kg), calculated by the 
equation: P K B fe e

n= . .max
2  (Umans et al., 2014). In this equation, B represents the 

density of the magnetic flux. Using a coil to produce the desired magnetic flux, its 
density can be calculated by applying the Ampère’s Law to a solenoid (Villate, 

1999) B
N

l
I� �  where I is the current in the solenoid. Thus, the thermal power 

developed in the workpiece and consequently its temperature depend on the control 
of that current.

The temperature in the workpiece can be calculated as follows (Perrot, 2010):
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(3.2)

where h is the heat transfer coefficient of air (W/m2K), A is the dissipation area, m 
is the workpiece mass, Cp is its specific heat,T0 is the room temperature and P is the 
electric power supplied. For time t long enough, the temperature T tends to the 

steady state value: T
P

hA
T� ��

�
�

�
�
�0 .

The electric power needed to raise temperature to a desired value after a specified 
time, its calculated rearranging Eq. 3.2:
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(3.3)

3.3  Methodology

The proposed solution consists in taking advantage of the temperature rise that 
occurs in materials, such as steel, which is caused by hysteresis losses and induced 
Eddy currents (Umans et  al., 2014), when the workpiece is exposed to a 
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Fig. 3.2 AC/AC power 
converter

time- varying magnetic field. The thermal power by mass unit (W/Kg) caused by 
hysteresis losses is proportional to the hysteretic cycle area and is calculated by 
Steinmetz’s empirical formula: P K B fh h

n= . .max . Eddy current losses, on the other 
hand, occur by Joule effect and result from the induced current in the ferromagnetic 
material. The thermal power by mass unit (W/Kg) caused by Eddy currents is cal-
culated from: P K B fe e

n= . .max
2 . Thus, the thermal power, by mass unit, that will 

raise the temperature of the workpiece is Pt = Ph + Pe, increasing with the amplitude 
of the magnetic field.

By controlling the magnitude of the magnetic induction field B, using current 
control in an induction coil is controlled the thermal power developed and thus the 
temperature. In order to keep the temperature under specific control in the heating 
phase, a single-phase AC/AC power electronic converter at constant frequency is 
used, with a microprocessor control circuit, with a feedback loop. This feedback 
loop of the control system uses a current sensor and an electric voltage sensor, to get 
the phase angle between voltage and current, along with two more sensors to mea-
sure temperatures in the bearing’s inner and outer rings. Figure 3.2 shows the power 
converter, excluding the thyristor drive circuits, which are electrically isolated by 
HF transformers. In the scheme, Lb and Rb represent the inductance and ohmic resis-
tance of the coil, respectively.

3.3.1  Calculating the Ohmic Resistance of the Induction Coil

Due to the dimensions of the ferromagnetic core of the prototype under study, the 
coil is limited to a maximum length l = 35 cm. Using copper conductor wire of 
25  mm2 cross section (r  =  2.82  mm), coiled onto the core of straight section 
A = l1*l1 = 5 cm * 5 cm, with a pitch between turns p = 7 mm, the calculated number 
of turns is

 
N

l

p
= = =

0 35

0 007
50

.

.
.turns
 

The length of the copper conductor wire obtained is
Lcond = N ∗ 4 ∗ l1 = 10 m. Its ohmic resistance is, according to the physics:

 
R

L

Sb � � cond

 (3.4)
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Using Eq. 3.4, the resistivity defined for hard copper, ρ = 0.0179 Ωmm2/m:
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3.3.2  Calculating the Inductance of the Induction Coil, by 
Approximation to a Solenoid

Figure 3.3 schematically represents a solenoid. The magnetic flux density inside a 
solenoid of length l, with N coils (n = N/l coils per meter), crossed by an electric 
current Ic, is obtained, by application of Ampère’s Law (Villate, 1999):

�
c

b

a

int c cB dl B dh B h I Bh h
N

l
I B

N

l
I� � � � � � � � �

v r
. . . . .� � �0 0 0  where μ0   

represents the magnetic permeability of an air core (μ0 = 4π.10−7 H/m).

The magnetic flux through each coil is � �� �B A
N

l
i A. .0 , where A is the 

straight section of the solenoid. From the general expression for the inductance of a 

coil L N
i

�
�

, the inductance is
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(3.5)

For a core made of packed silicon steel sheets of magnetic permeability μr = 1000, 
the inductance calculated with Eq. 3.5 is
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The induction coil will, therefore, have an impedance:
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→

Fig. 3.3 Representation of 
a solenoid. (Source: 
Villate, 1999)
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So, under a voltage of 230 Vrms, it would have a current intensity Ic = 33 A (7.5 KVA). 
Therefore, thyristors in the converter will need to have a stipulated 

current I rms A� �
33

2
23 .

3.3.3  AC/AC Converter with RL Load

Knowing the phase difference between the current and voltage in the circuit is 
essential to calculate the minimum value of the thyristor firing angle (Séguier et al., 
2015). In RL loads, there is a phase difference between the voltage and current 

�
�

� �
�
�

�
�
�arctg

L

R
. The firing angle of the thyristors Ψ must have the following condi-

tions: φ < Ψ < π for the thyristor T1 and π + φ < π + Ψ < 2π for thyristor T2. Firing 
one of the thyristors, for instance T1 with Ψ < φ, leads to one of the undesirable 
operating scenarios depending on the type of command signal. Using a pulse at the 
thyristor gate, it is obtained a rectified current in half-wave, so the coil would be 
crossed by direct current of very high value, limited only by the ohmic resistances 
of the coil and the conductors connecting to the electrical installation. In case of 
using a pulse train of width π − Ψ radians, the current will be sinusoidal with an 
effective value limited to I = V/Z, but without the possibility of control. As will be 
shown later, this mode of operation is used at system start-up and during two cycles 
of the grid voltage, to calculate, at runtime, the initial phase angle of the load circuit. 
In some circumstances, it is possible to run the heater at full power with sinusoidal 
current.

Figure 3.4 depicts the current and voltage waveforms in the induction coil using 
a suitable thyristor firing angle. It should also be noted that the control range of the 
converter will be (π − ϕ) radians. However, this is not a real scenario, because, as 
already mentioned, the coil inductance is in series with the workpiece electric resis-
tance, which is directly proportional to the temperature and inversely proportional 
to the penetration depth of the Eddy currents. This means that the control range of 
the power converter is a little greater than 90°.

3.3.4  Command Characteristic with RL Load

The end-of-conduction angle θ1 of a thyristor can be calculated as follows:
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Note that for a purely resistive load, we get θ1 = π radians.
The effective value of the voltage at the load 
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Fig. 3.4 Load voltage and current. (Source: Séguier et al., 2015)

whose Fourier series development leads to V1′, V3′, V5′, V′7, etc. The effective 
value of the first harmonics of the current in the coil can obtained by
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For predominantly inductive loads, i.e. with φ > 45°, as is the case of our load, the 
effective value of the 3rd harmonic is higher than the effective value of the funda-
mental component of the current, for very high firing angles, i.e. for a low power 
operation scenario (Séguier et al., 2015).

As already explained, the thermal power generated by mass unit in the work-
piece – due to hysteresis and Eddy currents – increases with the density of the mag-

netic flux in the coil B
N

l
Ir c��

�
�

�
�
�� �0 , which in turn is directly proportional to the 
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current. Thus, the power adjustment can be done by adjusting the firing angle Ψ of 
the thyristors, in the range φ < Ψ < π for thyristor T1 and π + φ < π + Ψ < 2π for 
thyristor T2.

3.3.5  System Architecture

Figure 3.5 shows the circuit diagram of the induction heating system, and Fig. 3.6 
schematically represents its physical structure.

The core of the control system is an ATmega328p microcontroller (Microchip, 
2022) with some features that should be highlighted:

• Analog to digital converter with 10 bits of resolution and acquisition rate up to 
10,000 samples per second

• Eight-channel analog multiplexer
• Fourteen I/O ports, two of which offer interrupt facility to the CPU
• 32 Kb of Flash memory, 1 Kb of EEPROM and 2 Kb of SRAM and RS232, I2C 

and SPI communication facilities

Two of the analogic inputs, A0 and A1, are required to acquire the current in the 
induction coil and the grid voltage using the G1 trans-resistance amplifier and the G2 
precision active rectifier, respectively.

Two digital I/O ports, Int1 and Int2, which provide interrupting facilities, are con-
nected to the zero crossing detection circuits (ZCC) of the voltage and current sig-
nals, enabling the run-time measurement of the phase angle φ between grid voltage 
and current in the induction coil. In addition, the ZCC associated with the grid volt-
age makes it possible to find, in runtime, the delay to be generated for the firing 
angle of the power converter thyristors.

Temperature measurement sensors on the inner and outer bearing rings, TC1 and 
TC2, respectively, connect to other analogic inputs A2 and A3 of the microcontroller, 
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Fig. 3.5 Circuit diagram
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through the cold junction temperature-compensated voltage amplifiers, G3 and G4. 
The operator’s interface is user friendly, using an alphanumeric LCD display with 
I2C interface and a small keyboard.

3.3.6  Thermal Behaviour

Figure 3.6 depicts the physical structure of the induction heater.
Assuming that there are no losses, the energy required to raise the temperature 

from T0 to T of a workpiece of mass m and specific heat Cp is W = m. Cp. (T − T0).
And the needed power is

 
P mC

dT

dtp= . .
 (3.6)

Therefore, the temperature increases linearly with time: T T
P

mC
t

p

� �0 .
However, because there are convection and conduction losses:

 
P hA T Tloss � �� �0  (3.7)

Equation 3.6 must be written to:

 
P P mC

dT

dtp� �loss .
 

Fig. 3.6 Physical structure
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Solving this differential equation, it is obtained the equation to calculate the tem-
perature of the workpiece (Perrot, 2010):

 

T T
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0 1
 (3.8)

In Eq. 3.8, h is the air heat transfer coefficient (W/m2K), A is the workpiece thermal 
contact area, T is its temperature and T0 is the room temperature. For the workpiece 
with the shape depicted in Fig. 3.7, the thermal contact area is

 A A A� �2 1 2  

where:
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and:

 A Db2 � �  

It is shown by Eq.  3.8 that in steady state, the workpiece temperature 
will be: T T

P

hA
� �0

There is a wide range of bearings, with great variety in characteristics such as 
mass and diameter, from 0,009 kg–5 mm to 1200 kg–800 mm. Taking as reference 
SKF’s recommendation (SKF, 2022) and the good practices of electric machine 
manufacturers – e.g. Asea Brown Boveri (Radvan, 2014), the temperature in the 
bearings should be raised from 20 to 110 °C in approximately 20 min, before they 
are placed on the shaft of the electric machine. Figure 3.8 shows the temperature 
evolution, calculated using Eq. 3.8, when providing the power equal to the work-
piece’s convection and conduction losses – as defined in Eq. 3.7 – to heat a work-
piece with the following characteristics: D = 140 mm, d = 80 mm, b = 26 mm; 

m = 1650 g. For steel C
J

C gp �
�

�
�

�

�
��

0 466.
.

. Since the heat transfer coefficient of air 

is 5 < h < 30 (W/m2K), h = 30 was used.
For T0 = 20 °C and a steady state temperature T = 110 °C the calculated power 

loss, using Eq. 3.7 is: Ploss = 86.9 W.

A1

A2

d

D

b

Fig. 3.7 Workpiece 
thermal contact area
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Fig. 3.8 Temperature (°C) over time (seconds) with P = Ploss

Table 3.1 Heating power for several workpieces

WP m(Kg) D(mm) d(mm) b(mm) P(W) Ptot(W)
1 1,65 140 80 26 311,4 318,0
2 3,40 160 90 40 614,0 623,9
3 3,70 180 100 34 672,0 683,3
4 4,05 170 80 39 730,6 742,3
5 5,15 200 110 38 923,6 937,7
6 6,50 215 120 42 1155,5 1171,8
7 6,80 200 110 53 1201,8 1217,9
8 7,50 220 150 56 1317,4 1333,9
9 8,30 230 130 46 1460,7 1479,4

10 8,45 190 90 64 1473,9 1491,0
11 8,50 310 200 34 1538,2 1563,4
12 10,7 280 200 60 1879,3 1902,8
13 11,3 320 240 60 2000,8 2028,0
14 12,5 215 100 73 2158,6 2180,7

There is also power dissipated by radiation:

 P ATrad .��� 4  (3.9)

In Eq. 3.9, σ is the Stefan–Boltzmann constant, ε is the workpiece emissivity, A 
is the radiant surface and T its temperature in Kelvin. For the given data, and using 
Eq.  3.9, the power dissipated by radiation is Prad  =  5, 67  ×  10−8  ×  0, 17  ×  0, 
0322 × (110 + 273,15)4 = 6, 7 W.

Total power losses are Ploss + Prad = 86.9 + 6.7 = 93.6 W. However, to reach a 
temperature of 110 °C in 20 min, as recommended, the system must provide 318 W 
(see Table 3.1), instead of 93.6 W.
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In the system under study, the user selects from a list stored in software the 
family to which the bearing belongs to. Each bearing family is associated with its 
mass m and some relevant dimensions, allowing to calculate, in runtime, the thy-
ristors firing angle Ψ, to obtain the electrical power required for the correct heat-
ing. In Table  3.1, there are some characteristics such as inner diameter, outer 
diameter and the mass of some selected steel bearings from the SKF manufacturer 
(SKF, 2022).

The values of the electric power necessary to rise temperature from T0 = 20 °C to 
T = 110 °C in 20 min, were calculated using Eq. 3.8 rewritten as
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(3.10)

In Eq. 3.10, it was used for the specific heat capacity of steel C
J

C gp � �
�

�
�

�

�
�0 466.

.
, 

for the heat transfer coefficient of air h  =  30  W/m2K and for the heating time 
t = 1200 s. In the right column of Table 3.1, it was added the power lost by radiation 
calculated using Eq. 3.9.

Figure 3.9 shows the temperature evolution over time for workpieces nr.1, nr.7 
and nr.14, when supplying the calculated power shown in Table 3.1, using Eq. 3.10, 
to rise the temperature from T0 = 20 °C to T = 110 °C in 20 min. These three pieces 
were chosen because they correspond to the minimum, intermediate and maximum 
values of electrical power to be supplied. The temperature profile is the similar for 
all other workpieces.

With the proposed 3.6 KVA system, we are left with the possibility of using it in 
a wide range of bearings.

Eddy currents are induced and circulates essentially on the inner surface of the 
ring closest to the core, since that is where the magnetic field is stronger, and it is 
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Fig. 3.9 Temperature (°C) over time (seconds) for WP1, WP7 and WP14
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also on this surface that the skin effect occurs. The penetration depth of the eddy 
current comes (Rudnev et al., 2017):

 

�
�

� � �T
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rf� �
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. . 0  (3.11)

The thermal power generated in the workpiece due the Eddy currents can be calcu-
lated by the formula (Perrot, 2010):
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where Iw is the induced current in the workpiece, d is the inner bearing diameter and 
b is its width.

Using Eq. 3.11 on Eq. 3.12:
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The effective eddy current resistance of the workpiece is (from Joule’s Law):
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where the workpiece electrical resistivity ρ(T) = ρ(20)[1 + α(T − 20)] and α is its the 
thermal resistivity coefficient. Then
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The current in the workpiece is Iw = N. Ic where N. Ic is the magnetomotive force 
(mmf) of the system coil. Thus, the equation to calculate the power developed in the 
workpiece due to the Joule effect comes:

 
P R I R

N
I R N Io w T w w T c w T c� � � � �� � � � � �. . .2

2
2 2 2

1  (3.16)

In this system, the coil, the magnetic core and the workpiece behave like a trans-
former. Therefore, in Eq. 3.16, Rw(T). N2 is the workpiece electric resistance referred 
to the transformer primary.

It is on this inner surface of the bearing that the temperature rises faster and 
propagates to the outer ring through the spheres or cylinders. This justifies the need 
to monitor the temperature difference between the two bearing rings, to avoid struc-
tural damage to the spheres/cylinders that would occur due to different thermal 
dilation of the bearing rings.
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3.3.7  Control Algorithm

The proposed algorithm is presented in simplified form in the flowchart of Fig. 3.10. 
After reading some operator’s data, such as the temperature setpoint, the maximum 
temperature difference between the inner and the outer bearing’s ring and some 
other physical bearing characteristics (from bearing family), the initial thyristors 
firing angle is setup in order to minimize the energy consumption. The trade-off 
power vs heating time is optimized, also ensuring that no structural damage is 
caused to the bearing, which would occur as result of an excessive temperature dif-
ference between its inner and outer rings. The phase load angle is updated at each 
cycle of the mains. The firing angle is updated at each half cycle of the grid voltage 
(10 ms, for 50 Hz), using a CPU interrupts routine, so the system’s response time is 

small enough when compared to the thermal time constant of the bearing ( hA

mCp

in 

Eq.  3.8). Such power control method is known as phase control (Séguier et  al., 
2015). In addition, the demagnetization is also assured at the final stage of the heat-
ing process, to avoid the aggregation of residues or metallic dust during transporta-
tion and placement of the bearing on the machine shaft.

3.4  Experimental Results

All signals are generated in an electronic circuit simulation environment for valida-
tion of the proposed control system. Figure  3.11 shows the synchronism pulses 
generated at zero crossing of the grid voltage (ZCC), the firing pulses for the thyris-
tors T1 and T2 with a firing angle Ψ ≈ 95° and the voltage at the induction coil.

Figure 3.12 shows the waveforms of the voltage and current in the induction coil 
for a firing angle Ψ < φ. As already explained, this is an operating scenario of maxi-
mum power at the load but without control. This operation mode, with Ψ < ϕ, is 
used at system start up and for a time interval corresponding to only two complete 
cycles of the grid voltage (t = 2 × 20 ms, for f = 50 Hz) to obtain the phase angle φ 
of the induction coil and thus calculate, at runtime, the minimum possible value to 
be used for the thyristor firing angle Ψ. However, in some circumstances, it is pos-
sible to run the heater at full power with sinusoidal current.

In Figs. 3.13 and 3.14 it is represented, in addition to the firing pulses of the 
thyristors, the voltage and current in the induction coil for a firing angle Ψ = 135° 
and Ψ = 95°, respectively, showing how current increases for lower firing angles.

In all figures, virtual oscilloscope vertical scales were configured with 20 V/div 
for load voltage measurements and 0.1  V/div for load current measurements. 
Current is measured as the voltage drop in a shunt resistor of 0.01 Ohm, resulting in 
10 A/div vertical scale. For synchronism pulses, it was selected 1 V/div for verti-
cal scale.
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Initializations: Set interrupts on. Configure
timers. Calculate load phase angle ϕ

Read operator’s data:
Temperature setpoint T1: (default 110°-C)
∆Tmax (Outer ring T2–Inner ring T1): default (20°-C).
Select bearing family. Calculate power (initial firing
angle ψ)
Start heating

Read U, I. Calculate ϕ.
Read temperartures T1 and T2
Calculate ∆T.

Increase
firing angle ψ

T1>= Tmáx
?

Stop heating

Is load current
= 0 (Int1)

?

∆T>= ∆Tmáx
?

N

Y

Y

Fig. 3.10 Control algorithm
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Fig. 3.12 VtriggerT1, VtriggerT2, V′ and Io for Ψ < ϕ. Time base: 1 ms/div

Fig. 3.11 VSync, VtriggerT1, VtriggerT2, V′
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Fig. 3.13 VtriggerT1, VtriggerT2, V′, Io, Ψ = 135°. Time base: 2 ms/div

Fig. 3.14 VtriggerT1, VtriggerT2, V′, Io, Ψ = 95°. Time base: 1 ms/div
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As already stated in Eq.  3.14, the effective Eddy current resistance of the 
workpiece is
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As the current in the workpiece is Iw = N. Ic, the power developed in the workpiece 
due the Joule effect is, according to the Eq. 3.16:
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For each workpiece listed in Table  3.2, the coil current needed to develop the 
required thermal power in the workpiece is
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(3.17)

It was used for the mains frequency f = 50 Hz and considered for steel: μr = 7500, 
ρ(20) = 1.6 × 10−7Ω. m and α = 6.5 × 10−3 K−1.

In Table 3.2, Po was calculated using Eq. 3.10, Rw was calculated using Eq. 3.14 
and the coil current Ic was calculated using Eq. 3.17.

The payback of a new and more efficient heating system compared to a conven-
tional system can be calculated as follows:

 

Payback years
Investment difference EUR

Annualsavings EUR y
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/ eear� �  
(3.18)

Table 3.2 Coil current vs. workpiece power

WP m(Kg) D(mm) d(mm) b(mm) Po(W) Rw.N2(Ω) IC(A)
1 1,65 140 80 26 318,0 7,40 6,6
2 3,40 160 90 40 623,9 5,41 10,7
3 3,70 180 100 34 683,3 7,08 9,8
4 4,05 170 80 39 742,3 4,94 12,3
5 5,15 200 110 38 937,7 6,97 11,6
6 6,50 215 120 42 1171,8 6,87 13,1
7 6,80 200 110 53 1217,9 4,99 15,6
8 7,50 220 150 56 1333,9 6,45 14,4
9 8,30 230 130 46 1479,4 6,80 14,7

10 8,45 190 90 64 1491,0 3,38 21,0
11 8,50 310 200 34 1563,4 14,15 10,5
12 10,7 280 200 60 1902,8 8,02 15,4
13 11,3 320 240 60 2028,0 9,62 14,5
14 12,5 215 100 73 2180,7 3,30 25,7
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Annual savings in Eq. 3.18 can be calculated using the following formula:
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where ηstd and ηnew are the energy efficiency of conventional heating and induction 
heating systems, respectively. Pn is the electrical power, in kW, T is the annual 
operation time, in hours and EC the energy cost in Eur/KWh. The energy efficiency 
of the heating system is

 
�new �

�
P

P P
o

o i  
(3.20)

where Po is the power in the workpiece and Pi is the power dissipated in the induc-
tion coil. According to (Callebaut, 2007), it is expected an energy efficiency in the 
range between 90% and 97%. The coil power loss Pi is minimized adopting the 
rules described in the Sect. 3.3, Methodology to build de coil, such as using low 
resistivity copper, low pitch between turns and a geometric configuration close to 
that of a solenoid.

As explained before, the thermal power generated in the workpiece by Eddy cur-
rents can be calculated by Eq.  3.12: Using Eq.  3.1 in 
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(3.21)

where d is the diameter of the inner ring, b is its width, μr is the relative magnetic 
permeability, ρ is the workpiece resistivity (at 110 °C) and f is the frequency of 
induced current Iw. Equation 3.21 tells that to increase the thermal power in the 
workpiece, it is better to increase coil current Ic than increasing frequency. In turn, 
increasing the frequency would increase the reactance of the coil jωL, which, 
according to the Ohm’s Law, would decrease the current.

To calculate the system’s energy efficiency, it is used Eq. 3.20. In that equation, 
the power loss in the coil is calculated using Joule’s Law: P R Ii b c= . 2 , where Rb is 
the coil electric resistance, and Ic it is the coil current. For the system under study, 
coil resistance was calculated using Eq. 3.4: Rb = 7.16 mΩ.

For workpiece WP1 listed in Table 3.2 (d = 80 mm, b = 26 mm), Po is 318 W, 
Ic = 6.6 A and P R Ii b c= . 2 = 0.3 W. The system’s energy efficiency is
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For workpiece WP14 listed in Table 3.2 (d = 100 mm, b = 73 mm), Po is 2180,7 W, 
Ic = 25.7 A and P R Ii b c= =. 2  4,7 W. The system’s energy efficiency is
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In the system under study, it was expected to achieve a relevant energy efficiency for 
the minimum and the maximum electric power, when compared to conventional 
systems as those described in (SKF, 2022). That being said, there is still the need to 
verify in the real environment as it was not taken into account the magnetic losses 
in the system core.

3.5  Conclusions

Induction heating is based on the three following effects: electromagnetic induction, 
skin effect and heat transfer. Despite the undesirable skin effect in many electro-
technical applications, here, on the contrary, it is used to generate heat with high 
efficiency (Khatroth et  al., 2021; Lucia et  al., 2013; Mohan et  al., 2003). The 
increase in electric resistance caused by the workpiece apparent cross section reduc-
tion due to skin effect allows getting more thermal power generated by Joule effect.

The proposed solution, it is a system safe and easy to use for its operators, does 
not pose risks to the environment, ensures low energy consumption to heat steel 
alloy bearings without compromising their mechanical structural characteristics.

A low frequency such as the utility frequency is used in the proposed system. 
That is enough for heating a workpiece or even to melt it (Mohan et  al., 2003) 
should that be the case. The phase control used in the AC/AC power converter leads 
us to have to correct the power factor using an input capacitive filter. This is impor-
tant to do, especially in low power operating scenario, where the third harmonic 
amplitude is predominant and the reactive power exceeds the active power (Séguier 
et al., 2015). In future developments, the focus will be also in high frequency induc-
tion heating, using resonant power converters, to achieve a better power factor but 
also to heat materials other than metals (e.g. ceramic workpieces).

The usage of the proposed system is not restricted to the described application. 
In fact, there is a wide spectrum of applications where energy consumption and user 
safety are mandatory in heating systems, as in the case of cooking devices (Khatroth 
et  al., 2021) and other household and industrial appliances (Shen et  al., 2006; 
Takau, 2015).

It is also pursued the objective of developing a fully functional prototype of an 
induction heater to support the training of our students and engineers.

A. D. L. da Silva et al.



75

References

Callebaut, J. (2007). Laborelec, «Chauffage par induction». Leonardo ENERGY.  Guide 
Power Quality (7). https://www.econologie.com/file/technologie_energie/Chauffage_par_
induction.pdf

Khatroth, S., Porpandiselvi, S., & Vishwanathan, N. (2021). Three-load cyclic controlled single- 
stage AC-AC resonant converter for induction cooking applications. In 2021 IEEE 2nd inter-
national conference on Smart Technologies for Power, Energy and Control (STPEC) (pp. 1–6). 
IEEE. https://doi.org/10.1109/STPEC52385.2021.9718631

Lucia, O., Maussion, P., Dede, E. J., & Burdío, J. M. (2013). Induction heating technology and its 
applications: Past developments, current technology, and future challenges. IEEE Transactions 
on Industrial Electronics, 61(5), 2509–2520. https://doi.org/10.1109/TIE.2013.2281162

Microchip. (2022). Atmega328. https://www.microchip.com/en- us/product/atmega328p
Mohan, N., Undeland, T. M., & Robbins, W. P. (2003). Power electronics: Converters, applica-

tions, and design. Wiley.
Perrot, O. (2010). Cours D’Électrothermie. IUT de Saint-Omer dunkerque département Génie 

Thermique et l’énergie, (2010–2011). https://sitelec.org/download_page.php?filename=cours/
electrothermie.pdf

Radvan, L. (2014). Fast thyristors. When burning for induction heating solutions. https://search.
abb.com/library/Download.aspx?DocumentID=PEE_82014&LanguageCode=en&Document
PartId=&Action=Launch

Rudnev, V., Loveless, D., & Cook, R.  L. (2017). Handbook of induction heating. CRC Press. 
https://doi.org/10.1201/9781315117485

Séguier, G., Delarue, P., & Labrique, F. (2015). Electronique de puissance (10e éd.): Structures, 
commandes, applications. Dunod.

Shen, H., Yao, Z. Q., Shi, Y. J., & Hu, J. (2006). Study on temperature field induced in high fre-
quency induction heating. Acta Metallurgica Sinica (English Letters), 19(3), 190–196. https://
doi.org/10.1016/S1006- 7191(06)60043- 4

SKF. (2022). Aquecedores por indução. https://www.skf.com/pt/products/maintenance- products/
bearing- heaters/heaters- for- mounting/induction- heaters

Takau, L. (2015). Improved modelling of induction and transduction heaters. PhD thesis in Electrical 
and Computer Engineering at the University of Canterbury. https://doi.org/10.26021/2756

Umans, S. D., Fitzgerald, A. E., & Kingsley, C. (2014). Máquinas elétricas (7ªed.). Bookman.
Villate, J. E. (1999). Eletromagnetismo. McGraw-Hill.

3 Induction Heating System for Industrial Bearings or Common Appliances

https://www.econologie.com/file/technologie_energie/Chauffage_par_induction.pdf
https://www.econologie.com/file/technologie_energie/Chauffage_par_induction.pdf
https://doi.org/10.1109/STPEC52385.2021.9718631
https://doi.org/10.1109/TIE.2013.2281162
https://www.microchip.com/en-us/product/atmega328p
https://sitelec.org/download_page.php?filename=cours/electrothermie.pdf
https://sitelec.org/download_page.php?filename=cours/electrothermie.pdf
https://search.abb.com/library/Download.aspx?DocumentID=PEE_82014&LanguageCode=en&DocumentPartId=&Action=Launch
https://search.abb.com/library/Download.aspx?DocumentID=PEE_82014&LanguageCode=en&DocumentPartId=&Action=Launch
https://search.abb.com/library/Download.aspx?DocumentID=PEE_82014&LanguageCode=en&DocumentPartId=&Action=Launch
https://doi.org/10.1201/9781315117485
https://doi.org/10.1016/S1006-7191(06)60043-4
https://doi.org/10.1016/S1006-7191(06)60043-4
https://www.skf.com/pt/products/maintenance-products/bearing-heaters/heaters-for-mounting/induction-heaters
https://www.skf.com/pt/products/maintenance-products/bearing-heaters/heaters-for-mounting/induction-heaters
https://doi.org/10.26021/2756


77

4Magnetic Field Imaging Prototype

José Alberto Campos Neves 
and Alexandre Diogo Leites da Silva

4.1  Introduction

This chapter is divided into six parts. The first part presents an introduction to the 
subject. The second part is a review of the sensor technologies available. The third 
part describes the prototype hardware. In the fourth part, the basic software, the 
image formation and colouring techniques, the interpolation and filtering methods 
are described. Results are presented in the fifth part. Finally, a conclusion is drawn 
up comprising practical implications, limitations and other issues as well as future 
lines of development.

Magnetic field is a basic element used in most of the modern machines and elec-
tronic devices. Technological innovation allows devices improvement and better 
understanding of magnetic fields, especially magnetic sensors devices.

Measuring the magnetic field intensity and direction at a point using sensors is 
simple, but mapping this information in space would improve machines and devices 
behaviour, particularly when many of the equipment around are electromag-
netic based.

The aim of this chapter is to present a prototype capable of visualizing constant 
and variable magnetic fields for research and academic purposes and for industrial 
uses. In a world strongly dependent on EMF, improving magnetic field visualiza-
tion, and the possibility to see them, even if in a limited form, is a meaningful chal-
lenge and positive contribution for industry and research in this domain.
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4.2  Literature Review

Common inductive or magnetic sensors on the market are widely applied in indus-
trial production, as control variables in numerous processes. In general, magnetic 
fields are auxiliaries of position systems, current measurement, displacement tools 
or many others. They essentially use Hall-effect, magnetic resistance sensors, tran-
sistors magnetic, magneto-impedance, optical-magnetic or some more other sensor 
devices in industrial processes. Due to operation simplicity, cost, reliability and 
availability, Hall-effect sensors, as well as magneto-resistive and magnetic imped-
ance sensors, are the most frequent in industry.

The Hall sensor is based on the Hall principle: a semiconductor device crossed 
by a current I, immersed in a magnetic field B, produces a voltage V proportional to 
the product of the magnetic field B, the current I and the sine of the angle between 
the surface sensor and the magnetic field vector, as shown in Fig. 4.1.

Traditional industrial inductive sensors are based on electromagnetic induction 
principle. They have a circuit oscillator with two coils, the first powered by AC 
high-frequency signal, and the second where tension change occurs due to Foucault 
currents. These sensors are used as a position detector of metallic objects (Fig. 4.2).

In case of magnetoresistive sensors (Resistive Magnet Sensor – manufacturer, 
n.d.; Zhukov et al., 2020; Mohri et al. 2015; Sensor Magneto Resistivo – fabricante 
n.d.), in the presence of a magnetic field, a variation in electrical resistance occurs 
in a semiconductor element, based on the magnetoresistive effect (Resistivo, n.d.). 

A
I

B: magne�c field

V
V α (B.I.sin(θ))

angle θ

A
I

B: magne�c field

V
V α (B.I.sin(θ))

angle θ

Fig. 4.1 Hall-effect principle

~
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~
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Fig. 4.2 Basic principle of inductive sensor
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This variation takes into account the intensity of the field and its direction. These 
sensor elements are simple to find and have a wide range of applications in position-
ing systems and in electromechanical devices.

Magnetoimpedance sensors (Shi & Uchiyama, 2020; Uchiyama et  al., 2012; 
Magnetic Impedance Sensing, n.d.; Magneto Impedance Sensor – JP, n.d.) and its 
operation are based on non-linear behaviour of the impedance variation of an ele-
ment in the presence of a magnetic field. It provides a fast response where the 
impedance value changes in a nonlinear way for small variations of magnetic field.

Magneto-optical sensors are crystal elements placed at the end of an optical fiber, 
having a high Verdet constant, indexed to the variation in the polarization plan of a 
light beam passing through the fiber. The magnetic fields measured is from the rota-
tion angle of the polarization plan (Magneto optics, n.d.; GMW – magneto optic 
systems and sensors, n.d.). One of the major uses is to measure the current in power 
lines through the magnetic field changes produced by the current flow.

Although several research teams have made devices to map magnetic fields, the 
results are always restricted to a small active face. One of such devices is from 
MAGCAM1 consisting of a miniaturized Hall sensor matrix that produces an image 
of magnetic fields (Fig. 4.3).

The MAGCAM (MAGCAM, n.d.) is a 2D matrix of Hall sensors that reads the 
magnetic field intensity in a reduced space. This device creates dynamic images of 
the magnetic fields placed in front of the active face showing variations of their 
intensity. The sensor matrix only maps a small part of the space surrounding the 
sensor, requiring a short distance from the object to the sensors face. The dimension 
of the magnetic field must fit the active face of the sensor. The device has good 
sensitivity (0.1 mTesla), and the acquisition rate of 820 ms/image has a spatial reso-
lution of 100 μm.

1 https://www.magcam.com/

Fig. 4.3 MAGCAM from 
MAGCAM

4 Magnetic Field Imaging Prototype
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There are other prototypes from different entities all with reduced or experimen-
tal applications such as (matesy – cmos-magview family, n.d.; Phuong et al., 2014).

The proposed device is part of a research line on magnetic field sensors and 
applications. It is the third developed prototype following the implementation of a 
line sensor system with eight Hall sensors coupled to an Arduino. The displacement 
of magnetic elements in the active sensors reading zone produces an intensity curve 
of the field sensed at a fixed distance. These values are enough to form a sliding 
profile of the field, but insufficient for data about the direction. Evaluating the cor-
relation between the Hall sensors distance to the magnetic object, the intensity of 
the field in space, the distance between sensors was set as 1 cm in the vertical, as 
horizontal in a regular square lattice.

A 3 × 3 matrix of Hall sensors regularly spaced 1 cm vertically and horizontally, 
confirmed the possibility of visualization of EMF, although scarce for lack of more 
sensor for better input data. This lead to an increase in the number of sensors, with 
the same spacing between in the X/Y directions making this prototype.

4.3  Prototype

The device called CCMags (magnetic fields camera) is a two-dimensional sensor 
Hall array in a square lattice, 1 cm vertically and 1 cm horizontally spaced (c.f. 
Fig. 4.4). This matrix is connected to an Arduino NANO that reads data, makes a 
previous treatment and sends the results to the serial port.

The board is shown in Fig. 4.5. It connects to the PC computer through a USB 
cable, using serial communication.

The sensing hardware is made of Hall sensors array type AH49E. This sensor 
“… is small, versatile linear Hall-effect device that is operated by the magnetic field 
from a permanent magnet or an electromagnet. The output voltage is set by the sup-
ply voltage and varies in proportion to the strength of the magnetic field. … .” It as 
a “… low noise output, which makes it unnecessary to use external filtering. It also 
includes precision resistors to provide increased temperature stability and accu-
racy. The operating temperature range of these linear Hall sensors is -40o C to 
85o C… ”.2

Figure 4.6 presents the sensor transfer characteristic, according to data retrieved 
from the datasheet.

The sensors resolution is of 0.326 mT (3.26 Gauss), and the set is assembled on 
a printed circuit board in a matrix structure, vertically and horizontally spaced 1 cm. 
This configuration is enough for the magnetic field with usual intensity, and the 
influence zone is enough to collect data. The board reads continuously in cycles the 
sensors signals, that is, the tension in each one through an analog port of the Arduino.

In a cycle, data from blocks of five sensors of a line and then by column, thus 
allowing to have the data from each Hall sensor. Each column is a set of five sensors 
reads, separated and placed in the array of the intensity of the magnetic field of each 

2 In the AH49E sensor datasheet (BCD Corp.).
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Fig. 4.4 Hall effect 
sensors matrix

Fig. 4.5 The board plus the sensor matrix

Fig. 4.6 Sensor characteristic. (BCD Corp)
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Matrix
of sensors

HW acquisition, basic treatment 

and communication

SW: data acquisition, data treatment
image display
(PC computer)

Fig. 4.7 Block diagram of the prototype

one. This data is stored internally in an array that is sent to the computer via serial 
port. The communication uses a simple handshake protocol that separates each sen-
sor, each line and each block elements of the matrix in the Arduino and sends them 
to the computer.

The Arduino analog inputs have 10 bits word resolution, coding values in 1024 
levels (from 0 to 1023), but a reduction to 256 levels is made, merely for transmis-
sion purposes (1 Byte data per sensor). Data from −1000 gauss to 1000 gauss is 
converted into values that range from 0 to 255 to fit in one byte. These values can be 
adjusted for higher resolution, but communication protocol must be reviewed. 
Schematically, Fig. 4.7 presents the basic block diagram.

4.4  Software

Sensors data from the Arduino requires further processing, made in program divided 
into three main blocks:

• Data communication  – communication via serial port with the Arduino and 
transforms the read matrix of strings into a matrix of integer values, which will 
be the database. These communication blocks repeat at a specific time rate, lim-
ited by the hardware specifications and software requirements of processing and 
display algorithms.

• Conversion block – transforms input data into a usable matrix data format for 
display as a bitmap image. At this level, the program uses two matrices, one that 
contains the raw data from the 25 sensors and a second the output image. This 
defines the sensors matrix with raw sensor data (coded 1 byte/sensor) and the 
image as the bitmap for display (RGB or grey-level coded).

• Image processing block – operates simultaneously in the sensors matrix, as in the 
image and performs a set of operations to improve and adapt the output image. 
At this level, a set of image and pre-display operations adapt raw data into a more 
friendly display format. This block has three types of data matrices  – sensor 
matrix, intermediate matrices and bitmap image.
 – Sensors matrix operations – the data received uses one byte per sensor, repre-

senting a set of values and internally stored in a raw matrix of 5 × 5 values. 
These values are the values received from the Arduino. This 5 × 5 data matrix 
keeps at all time the data received in each data reading cycle.

 – Intermediate matrices – are used as support of interpolation, filter and histo-
gram operations, to improve output data. Their dimension is a function of the 
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Fig. 4.8 Basic block diagram

user defined zoom factor. Here the main processing techniques (Banerjee & 
Saha, 2016) applied are interpolation to zoom out data, moving average fil-
ters, data histogram operations and gradient operations.

 – Bitmap image – bitmap array of data used for image display, where the user 
can apply image processing techniques to improve data quality output. All 
techniques applied at the intermediate level can be replicated in this level. Yet, 
due to the dimension of the image bitmap, these operations are time consum-
ing, reducing the refresh rate.

 – All these data elements can be overlapped to the bitmap image, presenting 
information such as values or zoom grids.

• Image display – display of bitmap image.

The data communication block replicates data format coming from the serial 
port, following a communication protocol that assures correct data from each block 
of sensors at a rate of 115,200 baud. In order to improve communication rate, this 
block of operations needs change. Figure 4.8 presents the main operating phases of 
the magnetic field visualization module.

The Arduino hardware sends block of data to the computer. Sensor values 
received are placed in a 5 × 5 array adjusted to the range 0–255 eliminating eventual 
noise of the acquisition process. This primary filter consists in eliminating data 
outside the sensors values band (0–255). Sensors data is then remap into the bitmap 
image matrix, of 500 × 500 pixels by two interpolation techniques:

• Direct map from sensor data matrix to bitmap image
• By a linear interpolation using bilinear of the nearest neighbour (Russ, 1994) 

(Fig. 4.9)
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Fig. 4.10 Sensors plan and image canvas

Fig. 4.9 Data sensors 
received after first 
treatment

The uses define the zoom factor and the best visual filter for image visualization, 
where the intermediate matrix of the raw data zoomed stores values and supports 
filters, histogram manipulations and gradient operators. Figure 4.10 represents the 
mapping from a small data set to the output image. From the 5 × 5 points, the visu-
alization in the bit image canvas of 500 × 500 pixels made by direct mapping, in 
this case.

Each group of values as a sample rate of 500 ms, period that takes into account 
the full set of operations needed to ensure update of raw data, treatment and bitmap 
image display.

Sensors plan and image canvas superimposed on (a), where a direct mapping is 
made. On (a), it is possible to observe the received sensor values on the textbox, and 
on its left on (a) the bitmap image is obtained. In this image, values range from 0 to 
255, where 127 means 0 Gauss (grey level/colour), and values between 128 and 255 
map intensities in the red colour represent magnetic field values between 0 Gauss 
and 1000 Gauss. The blue blobs are values between 0 and 126, mapped as (blue) 
intensities of magnetic field from −1000 Gauss to 0 Gauss (respectively color 0 to 
127 values), in a reversed scale. In (b), we have the remap of values to a larger 
matrix using a zoom factor of 5.
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The interpolation algorithm uses the user-defined output zoom level in order to 
add intermediate values matrix as perceived in Fig. 4.11, to adapt the image to the 
best possible visualization.

In Figs. 4.11 and 4.12, the zoom factor is 5, mapping each pixel of this image 
matrix (squares of 5 pixels side) to the bitmap image of 500  ×  500 pixels. In 
Fig. 4.12–(a), input data is presented in colour variation overlapped by the lattice, 
and the image in (b) presents values from the Hall sensors EMFs in Gauss, not in 
color code.

In image canvas (a) the same magnetic fields of Fig. 4.11, we have the sensor 
image zoomed with a factor of 5, overlaid to the values sensor data lattice. In 
Fig. 4.12–(b), the magnetic field data from the sensors is presented.

Fig. 4.11 Sensors plan and image canvas. (a) Raw data from the 5 × 5 Hall sensors. The grey 
blobs are neutral (near 0 Gauss EMF intensity). The Blue blobs are EMF from –1000 Gauss to 0 
Gauss, mapped from 0 to 117, blue intensities. The Red blobs are EMF from 0 to +1000 Gauss, in 
mapped to 137 to 255, red intensities. (b) the same data diretcly interpolated to a 25 × 25 lattice

Fig. 4.12 Squares in the image canvas. (a) Blobs in a scale from 0 to 255 overlapping the grid of 
interpolated by a factor 5. (b) Scale of values of magnetic fields between −1000 Gauss to 0 (Blue) 
and from 0 to 1000 Gauss (Red)

4 Magnetic Field Imaging Prototype
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Figure 4.12–(a) shows the relation between the large regions that correspond to 
the values of the Hall sensors and the intermediate resolution matrix on (a) and in 
(b), it presents the magnetic field values read by the sensor matrix. The user can 
display data from the magnetic field sensors array in Gauss (values from −1000 
Gauss to 0, and from 0 to 1000 Gauss) or as color intensities, reflecting north pole 
and south pole, and color variations of blue and red, as presented in Fig. 4.12.

There is also the option of displaying as grey-level intensities following the same 
principles described.

4.4.1  Pseudo-Colour or Grey-Level Imaging

Regarding the colours in the image, the colours map the magnetic poles, which is in 
line with magnetic field intensity values, or, in option, using grey levels.

In the colour scheme of representation, the Blue intensity corresponds to posi-
tive/North pole values, and the Red intensities are negative/South Pole magnetic 
values. This consists in mapping sensor data values (0 @ 255) to a chromatic scale, 
with the criteria:

• On the scale from 0 to 255, values greater than 127 are converted into colour 
levels of blue (B), on an RGB scale. The B values range from 0 to 255.

• In the 0 to 255 scale, values bellow 127 are converted into chromatic levels of red 
(R), on an RGB scale, that range from 0 to 255.

As the values around 127 should be a null magnetic field, and due to variations 
sensed, there is always a slight drift of values. To compensate this, a slack variable 
redefines a band of values around 127 as null magnetic field. So, there is a gap of 
127 ± GAP considered as “null magnetic field zone”, where values are mapped in 
grey levels. So, the colour-mapping algorithm is found to be:

• On a scale 0 to 255, values above (127 + GAP) become blue intensities.
• On the scale 0 to 255, values below (127 – GAP) become red intensities.
• Values inside the band ABS (127 ± gap) are mapped to a grayscale scale, but 

with grey scale variations around the value 127.

Schematically, Fig. 4.13 presents the colour scheme mapping function.
In the image canvas, a colour assignment function assigns pixel the respective 

value in one of the channels R-G-B, each ranging between 0 and 255. In the case of 
grey-level image, the same colour is assigned to each of the RGB chromatic 
components.

Due to the mapping parts of the image in grey levels, blue and red blobs are sub-
ject to tonal variations, reflecting intensities of the magnetic field.
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Red scale: 0 to 127 Blue scale: 0 to 127

Fig. 4.13 Colour scheme with magnetic field scale

4.4.2  Interpolation and Filtering

The program remaps values one from the raw sensor matrix to the intermediate data 
matrices and another to the bitmap image. The first is the direct mapping, so varia-
tions in values are not very noticeable due to the direct blocks mapping.

To improve display, other interpolation techniques along with moving average 
filtering, gradient and sensors data histogram equalization are used. These methods 
improve image quality and visualization.

Interpolation is a technique used to zoom images or regions of them, determining 
values of pixel colour between base pixels in an image. This can use direct map or 
blend functions that take into account pixel values of the boundary of the region to 
be zoomed.

Here zooming must increase the base image resolution of 5 × 5 values (sensor 
matrix) to a larger image. The initial set of values is scarce and therefore the bitmap 
image and the magnetic field data must have a variation function similar to the effect 
that allow the separation of the Hall sensors, even if the basic set of values is always 
limited to (5 × 5).

So, interpolation aims to find new values between values, such as the example of 
Fig. 4.14 showing V(i) and V(i + 1) as raw data, and the output must have values 
from V′(i) to V′(i + 6).

In a dimension function, several methods can be used to find those values.
The problem is the equation to determine new values between the initial point 

V(i), where V(−) is a vector containing values and final point V(i + 1) introducing 
new values [from V′(i) to V′(i + 6)] that is the equation of the line connecting, or 
near, the extreme points.

In an image or 2D data, the transformation is done in squares, or blobs, consider-
ing four base values, or the corners, of the area to zoom and then find the remaining 
values, always respecting the border colours (or values) as explained in Fig. 4.15.

The problem is to define a function f(x,y) that allows the distribution of colours 
from the corners, as shown in the enlarged region. For interpolation, several 
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approximation
line equation

Fig. 4.14 Interpolation basic question

Fig. 4.15 Scheme of 2-dimensional interpolation

algorithms exist using mainly employing three techniques, as stated by Dourado 
(Dourado 2014):

• Linear
• Nonlinear
• Transformations

All take into account the distances of each new point in the destination plan 
(interpolated plane) to the pixel colours of the border pixels, assigning a weight to 
each new element.

Figure 4.16 illustrates the problem with a two-dimensional function of finding 
pixel values of the new points from a small input set to a larger one.

A surface represents this where the height corresponds to the chromatic levels. 
Figure  4.17 has the initial set, and Fig.  4.18 has the final set of new interpo-
lated values.
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Fig. 4.16 Interpolation principle. Values are merely illustrative

Fig. 4.17 Set of initial 
values without 
intermediate values

To attain a redistribution of values for a elaborate visualization of the (limited) 
data, algorithms must use elementary raw data to find the correct values that should 
represent the magnetic fields between sensors, considering that EMF are continuous 
in space (cf. Fig. 4.19a–c).

Figure 4.19-(a) shows the direct blob interpolation that maps basic 5 × 5 sensor 
data to larger rectangle blobs. In Fig. 4.19-(b), the intermediate matrix is visible, but 
the shape remains of large rectangles made from small rectangles. In Fig. 4.19-(c), 
the bilinear interpolation introduces colour variations that reflect the magnetic field 
between sensors because it is a continuous evolution.

One of the advantages of interpolation is to better visualize images from mag-
nets, even if basic data is limited to the number of sensors.

To further improve image quality, moving average filters, on the sensor matrix 
and on the bitmap, image can be applied smoothing region contrast of magnetic 
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Fig. 4.19 Base plane x interpolated data plane relation. (a) is the original image, (b) is a simple 
mapping with 5 × 5 zoom, and c) is the same zoom and two-dimensional interpolation

Fig. 4.18 Filling by the 
interpolation algorithm
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fields. Changing the zoom factor and the size of the moving average window 
improved the quality of the images considerably.

Another technique used relies on histogram manipulation of the values in the 
intermediate matrix and/or user defined in the bitmap image. The two main tech-
niques change the colour map and allow a better and more accurate colour set – his-
togram equalization and histogram stretching that redistribute colours in the 
intermediate plan allowing a more contrasted bitmap image.

The filters at the sensors and intermediate level are moving average (window 
size: 3 × 3, 5 × 5, 7 × 7 and 9 × 9) with good results, as well as histogram equaliza-
tion and stretching of data, to improve contrast between, for a better visual interpre-
tation of the EMF.

The general results in real time are considerably different from a simple interpo-
lation, and the processing time required does not change the refresh rate, as pre-
sented in Figs. 4.20 and 4.21.

In addition to the display functionalities, the program determines the gradient of 
the values, but whose results are inconclusive due to the data scarcity. Another 

Fig. 4.20 Magnet over the sensors and image with direct mapping (centre), with interpolation, 
and with 3 × 3 filter (right)

Fig. 4.21 From left to right, image with bilinear interpolation, 12 zoom, 5 × 5 sensor flat filter, 
and 5 × 5 image flat filter, superimposed on the sensor base mesh

4 Magnetic Field Imaging Prototype



92

Fig. 4.22 Image, on the left, with a 5 × 5 flat filter in an interpolated image, and in the right the 
same image in grey level, without any correction or color readjustment

functionality is the grey-level display, where no remap of colour set is made and 
where the brighter regions are North Pole and the darker South Pole intensities 
(Fig. 4.22).

4.5  Tests

Several tests with permanent magnets, of different shapes, and electromagnets, 
powered in either DC or AC at low frequency, were made because of the frequency 
acquisition limits of the prototype. Figure 4.23 shows a permanent magnet and the 
respective image.

With permanent magnets, it is possible to discriminate the north and south poles 
and the displacement over the sensors. With a zoom factor of 5 with bilinear inter-
polation and a spatial filter of 3  ×  3 size window and histogram stretching, the 
results show variations in the shape position and intensities of some elements (cf. 
following images Figs. 4.24 and 4.25).

Figure 4.25 is the image of a permanent magnet and the field it causes in the area 
close to the sensors and in distant regions. The second image is of the same element 
but turned upside down, which creates a different/reverse colour image.

To carry out additional experiments, a signal power supply was made for high 
powers (100 W) supporting frequency, amplitude and signal form changes. It works 
from DC to AC 12 kHz to supply coils with enough current. This device is in the 
following figure while powering the cylindrical coil (Fig. 4.26).

One of the experiments feed a coil with a sinusoidal voltage of 30 V amplitude 
at a frequency of 25 Hz. Given the low acquisition frequency of the prototype, it was 
possible to observe the magnetic field, but not the alternation between poles. The 
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Fig. 4.23 Image of magnetic field of permanent magnet

Fig. 4.24 Coil and magnetic field obtained, when powered by DC (30 V)

frequency must be lower, and the coil must have a higher inductance value to pro-
duce a magnetic field strong enough for the Hall sensors. A higher current is not 
possible in this initial device for technical issues. A new device is underway for 
more tests.

An interesting effect, however, was to place the cylindrical coil with the air core 
and see that the system acquires its image quite well, as long as it is in DC or very 
low frequency.

4 Magnetic Field Imaging Prototype
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Fig. 4.25 Permanent magnet and images of each of the poles of this element. (a) Permanent mag-
net over sensors matrix. (b) Image with zoom factor of 10 and moving average filter of 3 × 3. (c) 
Image after reverse colours and histogram equalization

Fig. 4.26 Experimental AC variable signal power system

4.6  Conclusions

This project is still in its initial phase, and issues were detected that will be improved, 
but the target was to build a tool capable of displaying magnetic fields, either con-
stant or variable, of low frequency. This first step was achieved - being able to pro-
duce, visualize and work with images of EMF; however, the most critical element is 
the sensors number, small in number to allow a consistent image of magnetic fields 
and slow in frequency response. Therefore, the final image quality needs improve-
ment where software image processing techniques might be a partial answer, but 
increasing the number of sensors and maintaining the distance between them can 
produce the same result.
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Another aspect is the use of a unique type of sensor or multiple different sensors, 
with different features, as space dispositions, such as placed in a cubic organization 
to fetch 3-dimensional data. Different sensors in matrix organization might allow 
improving data in the base matrix and are used as an auxiliary input for the interpo-
lation algorithms. For this, a new prototype with several magnetic sensors is under 
development and will be used in addition to the present prototype.

On the other hand, the algorithms are undergoing changes to improve several 
issues such as communication, processing times, more filtering, and display 
functionalities.

This prototype served as a proof of concept for the basic magnetic field visual-
ization, essential to improve and test electronic and electromagnetics devices in 
today’s world or just to serve as a display tool for academic teaching.
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5Sensory Application in Intelligent 
Monitoring for the Sustainability 
of Indoor Spaces

Tiago C. Padilha and Nelson Neves

5.1  Introduction

Energy consumption is an increasingly important issue that needs to be raised glob-
ally, with the aim of providing methods and technologies that increasingly provide 
greater energy efficiency. At this time of war-induced energy crisis, it is essential to 
promote measures to support awareness of excessive energy consumption and to 
strengthen the market with solutions that help consumers control the consumption 
and operation of devices without high costs (Avordeh et al., 2022).

The research allows to know more sustainable forms of energy consumption 
applied in the development of new products (Ahmed et  al., 2021). The need to 
increase comfort, safety, versatility and reduce energy consumption in our daily 
lives have led to the emergence of new technological solutions (Chu et al., 2017).

In 2018 (European Commission, n.d.), buildings were responsible for 40% of 
energy consumption and approximately 36% of carbon dioxide (CO2) emissions in 
European Union (EU). One of the most relevant reasons in these statistics is because 
75% of building are energy inefficient. In the past 30 years, the consumption of 
electrical energy has increased, especially in China with a representation of 30% of 
the world’s consumption, as can be seen in the graph in Fig. 5.1.

The main goals in reducing energy consumption in buildings and indoor spaces 
focus on finding the best relationship between comfort and energy efficiency as 
demonstrated by Yang and Wang (2012) with the demonstration of a decision 
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Fig. 5.1 Chart with official ENERDATA statistics on electricity consumption worldwide. (Source: 
ENERDATA, 2022)

support solution for comfort and energy management in building environments. In 
the year 2020, the EU implemented a target for zero energy buildings (ZEB) in the 
building sector (Wang et al., 2021). This measure was implemented due to the large 
influence that energy consumption has in public and residential buildings, with 
approximately 20.1% of total energy consumption.

The presented study was supported by the development of an IoT solution with 
hardware components mounted on PCBs (printed circuit board) and software com-
ponents for supervision and control of the developed prototypes. The development 
of this project aims to evaluate the viability of production and use of a device (hard-
ware + firmware). Therefore, it is essential to evaluate a set of parameters, which 
define the capabilities of the system, which is presented as an IoT product. Features 
such as security, ease of installation, real-time communication capabilities, size and 
weight, data processing performance, and maximum communication capacity are 
factors that this article aims to explore and discuss in comparison with similar prod-
ucts on the market.

This chapter also aims to demonstrate the results obtained through a final gradu-
ation project. IoT is part of the industrial and technological revolution, which is 
driving the way we connect equipment to the internet (Sharma et al., 2019).

5.2  Literature Review

In our daily lives, the electronic equipment that surrounds us is increasingly capable 
of providing us with greater comfort and flexibility in the various daily tasks, 
whether professional or personal. The use of electronic equipment is increasing and 
over the last few years has translated into an exponential increase in energy con-
sumption, especially in buildings. This increase has several direct and indirect con-
sequences, from costs to environmental impact.
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Tomat et al. (2020) investigated the various approaches to applying IoT tech-
nologies in the past decade. In their studies, the impact of using sensors to increase 
comfort in buildings through different methods was highlighted. The analysis per-
formed focused on three categories, IoT hardware analysis, dynamic modeling, and 
crowd sensing. They concluded that the best methodology to adopt is to allow the 
user to interact and be responsible for controlling the system and to make them 
aware of energy problems and their attitude toward the environment.

The social interaction of users of spaces with IoT technologies is also mentioned 
and demonstrated by Franco (2020), who justify the importance of the feedback of 
a set of parameters that allow for improving comfort and energy saving. They con-
cluded that it is crucial to keep users as a crucial element of IoT systems, just as a 
sensor and actuator, as well as a system of communication and information 
technologies.

The control of electrical systems in buildings is essential for sustainability and 
energy efficiency of common or private spaces, which Casini (2014) highlight 
through building management, in the perspective of monitoring and control to 
achieve defined goals and energy savings.

In the scope of IoT solutions implementation, Santos et al. (2018) described the 
improvements that can be applied in buildings, to allow the implementation of sus-
tainable actions. A data collection for 5  years was carried out at ISCTE-IUL 
(University Institute of Lisbon), which allowed to understand which classrooms 
were used more frequently daily, with the support of an internal management sys-
tem, allowing to apply a predictive control of the HVAC (heating, ventilation, and 
air conditioning) management system. In the end, they proved that through this 
predictive management using IoT solutions (sensors to take measurements), they 
achieved savings of approximately 12% of consumption.

The goal of controlling HVAC systems is a very important factor in several large 
buildings, which in the case of Elmouatamid et al. (2021), developed a platform 
adapted for communication and monitoring of buildings with the connection 
between different IoT devices, called pro MG platform. Silva et al. (2013) proposed 
to demonstrate the environmental impact of applying smart lighting. They proved 
that through constant lighting reduction methods in a building, they provided energy 
savings close to 126 MWh and a reduction of 25T of CO2 annually emitted.

5.3  Methodology

This work was proposed to investigate and develop sensor-based products for con-
trolling and monitoring spaces using Wi-Fi, allowing their use in buildings with the 
least possible intervention in their application, even in existing buildings. In the end, 
it is expected that the products will provide users with increased comfort and flexi-
bility in the use of interior spaces.

The work began to be developed with the perception of the existing needs in the 
general control of spaces, namely sockets and switches. This first phase involved 
research and analysis of the possibilities of implementing a small-sized system 
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capable of being incorporated in places with traditional electrical installations. The 
ideas of the first stages emerged with the greatest needs existing in interior spaces, 
the remote-control lighting, as well as the monitoring of consumption in each socket 
and its control.

For the system to be minimally robust in its application, it was essential to 
develop a solution with sensors, composed of a dedicated processing unit, commu-
nication, and power supply. The reason for using each of these features in a dedi-
cated way is to make the application and use process easier, since there is no need 
to add wires to the electricity pipes. The sustainability of its application has always 
been a crucial factor in project development, so the minimization of external com-
ponents is a great advantage that this project aims to prove. In Fig. 5.2, we can 
observe the general system architecture for the sensor monitoring application.

The techniques for controlling and monitoring the various sensor modules imply 
the existence of a Wi-Fi network, so that all parts of the system can interact, namely 
the sensor modules, the server, the web service, the external network, and the 
ISPGAYA network.

The architecture planning was based on Wi-Fi communications, but to improve 
the system’s ability to be customized, fast, and secure in transmitting data over 
Wi-Fi, the MQTT (Message Queuing Telemetry Transport) communication proto-
col was chosen. The MQTT protocol implies the use of a broker, responsible for 
managing all messages in the communications, so the management of the messages 

Fig. 5.2 System architecture diagram of the project
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is intended to be performed in the server block (see Fig. 5.2). For the server, was 
used a Raspberry PI 3 with the Debian operating system, enough to be applied as a 
broker in the communications system. The broker is responsible for the requests to 
the various sensor modules, so threads are sent that represents a unique string from 
each module. In Fig. 5.3, we can see the MQTT communication architecture used.

The implementation of sensors was a process that involved predicting the most 
important data to register in each space, without major complexities in its applica-
tion and monitoring. The realization of two modules to be incorporated in sockets 
and switches allows their application without the need for external applications in 
the surrounding space nor the preparation of an auxiliary power system. The sensors 
used were the HLW8012 current and power sensor (plug in module) and touch sen-
sor TTP223 (switch module). As for the processing unit, the ESP8266 was used, 
due to its small dimensions and remarkable capabilities in terms of processing 
power, Wi-Fi communications, and very low power consumption.

The development of this product involves evaluating many essential factors in 
today’s IoT device market. The developed technology intends to implement the use 
of low-cost devices for processing and communication, with a versatile and configu-
rable communication protocol. It is intended to analyze a set of essential character-
istics in the discussion of the results, as presented in Table 5.1.

Fig. 5.3 Communication architecture using MQTT protocol, with 4 essential blocks
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Table 5.1 Evaluation methods for discussing products features

Hardware features and evaluation methods
Features Plug in module Switch module
Requires internet Yes Yes
Max. devices 200 k per broker 200 k per broker
Max. size data messages Approx. 260 MB Approx. 260 MB
Dimensions and weight 55 mm × 55 m and 47 gr. 55 mm × 55 m and 41 gr.
Hardware electrical protection No No
Real time Yes Yes
Battery No No
Security communication Yes, but needs to be 

encrypted
Yes, but needs to be encrypted

Communication protocol MQTT through TCP-IP MQTT through TCP-IP
CPU Yes Yes
Required broker Yes Yes
Over the air updates Yes Yes

Fig. 5.4 Diagram of the 
two products developed in 
the project

5.4  Results and Discussion

A product development implies analyzing the market and the objectives of use in 
the face of existing needs. When it comes to technological products, the adaptation 
of sensors for control and monitoring is a determining factor for their viability. 
During the development process, possible improvements in the manufacturing and 
welding process were analyzed, facilitating the assembly and automation process 
for each product. The development of this project resulted in two different and inde-
pendent products, but in the end intended to have the same impact on their respec-
tive use. Figure 5.4 represents the two types of sensor application in this project.

Regarding the development of space monitoring and control technology, two 
PCBs were developed using a CNC (computer numerical control) machine, and the 
respective welding of all components was performed manually. This PCB was made 
with the main goal of having the correct size to be capable of being inserted in any 
traditional electric socket box, either from a socket or a switch. Both have the same 
geometries, but different functions, in Fig. 5.5, you can see the result of the PCBs, 
in the development phase and their finalization.
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Fig. 5.5 Touch sensor of switch module; view on the left side the PCB project and on the right 
side the final developed PCB

Fig. 5.6 Plug-in sensor module; view on the left side the PCB project and on the right side the 
final developed PCB

The switch module consists of two local touch connections, which can be applied 
to the switch itself, as well as controlled remotely. After its placement on site, it is 
only necessary to connect the phase and neutral cable, to allow the system to be 
automatically powered. In its development were applied two solid-state relays up to 
3  A, a transformer for 5  V, a voltage regulator, indicator LEDs, and finally the 
ESP8266 processing and communication device. As far as plug-in control and mon-
itoring are concerned, in the following Fig. 5.6, the result of the plug-in module can 
be seen.

The development of these devices was based on the same power, processing, and 
communication unit. In this case, a solution was developed that can take 
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measurements of electrical consumption in real time, as well as controlling the sta-
tus of the outlet, whether it is active or deactivated. For a correct and adequate 
application of both modules, it implies the application of several improvements in 
safety and security aspects for the user or technician who intends to install the prod-
ucts. For the whole system to work properly, without failures in its control and 
monitoring, it is essential that the Wi-Fi network in the surrounding space is rela-
tively stable and even with losses from placing the devices in a hidden area, there 
are no communication failures.

These first functional prototypes aimed to demonstrate the concept and function-
ality of the products but are only products for functional testing and proof of devel-
opment. Simultaneously with the development of the hardware and firmware, a web 
interface was created for the monitoring and control of the various devices, as well 
as their configuration for communication and local identification. Figure 5.7 dem-
onstrates an example of the use of the software.

Through the visualization of the software environment, it is possible to observe 
the ISPGAYA floor plan divided by the various floors, as well as each division has 
an identification, in which it is possible to select to perform monitoring or control of 
the various existing sensors. This tool allowed us to demonstrate a little of the front 
of the project with the visualization of the environment in which the user will be 
faced with the use of the various products.

There are some limitations in the development of these two products, which 
make it difficult to produce them. The process of soldering the various components 
is somewhat complex, as observed in the various images, the components are very 
close together, due to the need of implementation in a discrete and minimalist for-
mat. The general use of the products implies that the application site has Wi-Fi, so 
this will be a factor that will influence the correct functioning of the entire system. 
In case of a power failure in the equipment, it is not prepared to store the last com-
mands, since they are not composed of batteries.

Fig. 5.7 Visualization of one of the software’s web interface pages for controlling and monitoring 
the multiple sensors
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In the assembly and handling of the equipment, it has no protection for the user. 
As well as its communication protocol for a correct operation, it implies the use of 
a broker. From a sustainability perspective, both products were developed to be low 
cost, easy to apply, and improve energy savings.

5.5  Conclusions

The development of sensory monitoring solutions and their respective control is the 
future in the field of sustainability, with increasingly innovative techniques and 
methods, allowing over the past few years to collect very important data for the 
understanding of sensory phenomena that were unknown to us until now. Large 
amounts of data are often complex in their treatment, but after proper processing, 
they allow the application of measures that provide increased comfort and sustain-
ability in our daily lives.

The implementation of IoT solutions allows applying a set of sustainable actions 
with data collected during a period or even with data insertion, allowing to predict 
possible reductions in energy consumption. In the case of an educational institution 
like ISPGAYA, the promotion of sustainable solutions is essential to demonstrate 
the potential that the building can provide concerning comfort and energy 
consumption.

Implementing such a product implies further testing and realizing a sufficiently 
organized database capable of feeding machines and deep learning algorithms for 
data analysis and decision support. This product was the first iteration of a more 
comprehensive solution development. Subsequent iterations will be applied to more 
divisions of the building to collect data on a larger scale and achieve a more com-
plete analysis. The future of this project and many others related to IoT imply the 
data storage and implementation of artificial intelligence algorithms that allow 
meeting user preferences, as well as supporting the sustainability of energy con-
sumption without penalizing comfort.

This project proved that is possible the use of small, low-cost, and easy-to-apply 
equipment can perform several functions that can be monitored and even controlled, 
allowing great ease of integration into buildings for the reduction of energy costs 
and comfort in the various spaces (Mora et al., 2019).

Sustainability is a factor that any project must consider (Khalifeh et al., 2020), 
mainly because of its impact on its use and the idea it aims to demonstrate. This 
project promoted the idea of integration in spaces, without an invasive intervention, 
as well as an easy and feasible application. In future works, some improvements in 
hardware and firmware optimization should be considered, as well as allowing the 
collection of large amounts of data for implementation in decision support algo-
rithms. Fundamentally, this project integrates other sensors with easy application 
and low costs, allowing data collection in larger quantities and the development of 
user support tools (Guo et al., 2020).
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6The Double Benefit of Environmental 
Sustainability – The Case of ISPGAYA

Nelson Neves, João Lima, Luis Soveral, 
and José Carlos Morais

6.1  Introduction

It is common knowledge that the education sector is not considered a polluting sec-
tor, however, since in any human activity there is not only consumption of natural 
resources but also waste production (Matos, 2020). The examples are many and 
increasingly overwhelming, such as the lack of drinking water quality, pollution of 
rivers and seas, global warming, ice melting, typhoons and hurricanes, and count-
less other potentially catastrophic situations (Harvey, 2018).

This is the assumption of all the theoretical production associated with the theme 
of sustainability (Randers et  al., 2018) and the concept of development (Barska 
et al., 2020; Wyrwa et al., 2020, 2021), and this term is usually associated with that 
of innovation, in its various domains, which may be that of energy and energy effi-
ciency (Gökgöz & Güvercin, 2018; Kolosok et al., 2020; Sun et al., 2019).

The aim of the study is to show the double benefit (Helepciuc et al. 2018) of the 
investment of a Portuguese higher education institution, Instituto Superior 
Politécnico Gaya (ISPGAYA) in environmental issues. As a driving force, it aims to 
implement environmental certification in the institution according to ISO 14001 
(Alnavis et al., 2021; Fonseca & Domingues, 2018; Kuhre, 2018), in line with the 
understanding of sustainable development (Bravi et al., 2020) and to consolidate the 
mutual benefit with more environmentally friendly practices.
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This study presents a history of data on investment in the institution (building) in 
technology and innovative solutions rationalizing and optimizing energy consump-
tion related to environmental concerns, such as solar panels and the replacement of 
traditional light bulbs with low-energy bulbs. This history goes back to 2008 and 
extends to the current year, 2022 and reveals data that show significant economic 
benefits resulting from the adoption of environmentally friendly practices, data that 
serve as a basis for the consolidation of ISPGAYA’s Environmental Sustainability 
Plan (ESP). The research questions posed were are there financial as well as envi-
ronmental benefits from applying environmentally friendly technology in the build-
ing under analysis? What are the specific benefits of using LED technology in the 
building? What are the specific gains of using solar panel technology?

6.2  Toward an Environment Management System

Sustainability consists of the integration of a set of actions based on the three pillars 
environmental, social, and economic. Achieving sustainable development means 
seeking quality of life in a way that disrupts the current pattern of development 
(Oláh et al., 2018). This concept of development is explicit in the 17 sustainable 
development goals (SGDs) that drive the 2030 agenda (United Nations, n.d.), seen 
as the guarantee of the planet itself and the basis of a «smater model of develop-
ment» (Randers et al., 2018). ISO 14001, published on September 1, 1996, and with 
a latest edition dated from 2015 (ISO, 1996, 2014), is widely considered the most 
important environmental certification (Sartor et al., 2019) and goes in and with the 
contents of SGDs making way for a common vision for humanity in a more execu-
tive approach.

This International Standard bases itself on assumption on a better environmental 
performance that can be achieved by systematically identifying and managing envi-
ronmental aspects, considering issues such as pollution prevention, improved envi-
ronmental performance, and compliance with applicable laws, materialized in 
environmental management systems (EMS) of each institution, which should be the 
target of certification. The ISO 14001 contains the requirements for EMS: organiza-
tional structure and responsibilities; planning of activities; definition of practices, 
processes, and procedures; allocation of resources to plan, implement, check and 
improve the environmental policy, with the latest version seeking to expand the 
organization’s controls or influence over environmental management (ISO, 
1996, 2014).

Although the norm is not new, there is a concern about the need to evolve toward 
an international, but more urgently, to a national/internal regulation, forcing specifi-
cally Higher Education Institutions (IES) to engage in a most suitable role as drivers 
for sustainable development. Grindsted (2011) alerts that Sustainability in Higher 
Education declarations have been signed globally, but are not enough as a measure 
to ensure executive procedure toward this driver role. Sustainability must be present 
in education management, in all dimensions, comprising both practices and 
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curricula contents (Blanco-Portela et  al., 2017). Brundiers et  al. (2021) state the 
development of key competences regarding sustainability, to be developed within 
universities. The Portuguese agency for evaluation of higher education – A3ES – 
intents to make mandatory the demonstration of evidence of the adoption of a strat-
egy and governance in the institutions that places sustainability, in its different 
accessions, in its educational, scientific, and cultural project. The Institutional 
Evaluation Manual of the Portuguese evaluation agency on higher education A3ES, 
still not published and still in public discussion (A3ES, 2022), stabilizes this national 
internal rule that will ensure executive procedure toward this driver role of higher 
education toward sustainability and commitment to the sustainable development 
goals that drive the 2030 agenda. This study presented intents to be a stet more 
solidifying sustainability as key factor in sustainability attended by the analyzed 
institution.

Built according to a “double/multiple benefit” approach (Ryan & Campbell, 
2013), Fig. 6.1 exposes the possibility of both benefits, financial and environmental. 
So, in counterpoint to the satisfaction of human needs there is the need for regenera-
tion of the environment. Depending on the will of man and the technological state 
of the art, it is possible for us to use resources with no or low impact on natured, 
even with visible economic gains.

Within its limitations, ISPGAYA has adopted for itself this model of environ-
mental sustainability marked by dashes, in which it is possible to obtain 
resources with economic gains and with the minimization of damage to the 
environment, that is, environmental sustainability is supported in the profit, with 

Fig. 6.1 A model for 
environmental 
sustainability analysis. 
(Source: Authors)
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cost reduction and in the minimization of adverse impacts to the environment, 
in short, it is a mutual sum relationship.

6.3  Methodology

What we intend to do with this study is, precisely, to outline the EMS of 
ISPGAYA. The existing literature (Fonseca & Domingues, 2018) mentions some 
variables that should be considered in the implementation of these EMS, such as 
difficulties in measuring their efficiency, bureaucratic issues, higher costs, or lack of 
available advice or the generic nature of this ISO requirements.

With the presentation of the data, we expect to evolve toward overcoming these 
difficulties, in addition to working hard on the environmental certification of the 
institution under analysis, and we have managed to present an EMS, with compo-
nents of planning, implementation, analysis and continuous improvement, material-
ized in the investments made in renewable energies and energy efficiency, globally 
designated as solar use/photovoltaic panels implementation, in a continuous 
improvement model, of led technology.

In addition to solidifying the institution’s EMS, we work to surpass what is 
known in the literature as the energy-efficiency gap (EEG). The EEG occurs when 
energy-efficient technologies, which offer considerable promise for reducing the 
financial costs and environmental damages associated with energy use, may not be 
adopted by individuals and firms to the degree that might be justified on an environ-
mental and/or financial basis (Gerarden et al., 2017).

By collecting data on the history of investment in environmental issues, such as 
solar panels, which provide electricity and hot water, the replacement of traditional 
light bulbs by low energy bulbs, and the financial gains achieved from then to date, 
we intend to present numerical data that demonstrate the advantages of adopting 
environmentally friendly practices. This numerical and descriptive presentation 
allows quantitative comparisons to be made associated with time periods, enabling 
evaluations and estimates with qualitative and strategic components, referring to 
items and variables such as: types of lighting units existing in the building and also 
installed power in lighting on each floor and in the whole building from 2008 to 
2022, the actual panorama of LED technology used, distinguishing between LED 
downlight units and LED tubular units. Data was collected both by the administra-
tive services of the institution and by a student of the course of renewable energies, 
under a final work/project that addressed the energy optimization of the building.

6.4  Results

When ISPGAYA started operating, its building had two main types of lighting, 
which were downlights with two discharge lamps and discharge fluorescent tubes. 
While the downlights were installed throughout the building but more frequently on 
the 3rd floor and above, the discharge tubes were installed mainly on the 1st and 2nd 
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floors in indirect lighting due to their lower floor height than normal given the build-
ing’s suitability developed for the ISPGAYA activities.

Table 6.1 presents the characterization of the lighting at the beginning of 
ISPGAYA’s activities in February 2008 and also presents the installed power in the 
lighting circuits per floor and in the building as a whole.

Since 2012, the replacement of discharge technology lighting by lighting with 
tubular LED technology units began. The first point of replacement was the elevator 
cabins with a 24-h operating time. This option was taken as a test of the same tech-
nology considered at the time not yet reliable (Meneghini et al., 2010). In 2014, a 
discharge technology was applied but with electronic ballasts. In this solution, the 
T8 tubulars were replaced by T5 tubulars in which the adapter included the elec-
tronic ballast. This solution was implemented on an experimental basis in the com-
puter lab and in the computer center on the 2nd floor for two reasons, the first 
because it is cheaper than the solutions of the time for LED tubes, and second 
because they are intensively occupied and are interiors without natural light, but 
with an 8-h occupation per day. This solution lasted until the second half of 2020, 
when it started to have breakdowns, and the replacement was very expensive.

In 2017, the conversion of light points continued, both in the replacement of 
discharge downlight by LED downlight as well as with the replacement of discharge 
tubes by LED tubes. This process was concluded at the end of the 2022 first semester.

Thus, alternating between the conversion to LED tubes and downlight from floor 
1 to floor 6 (see Fig. 6.2), the sequence was:

• 2017 (first semester)  – classrooms of 6th floor not including the library or 
hallways

• 2017 (second semester) – classrooms of 5th floor with corridors and 6th floor 
corridor

• 2018 (first semester) – Service, secretariat and 3rd floor in general, except the 
office corridor

• 2018 (second semester) – LED tubes on floor 2 except computer lab and com-
puter center

Table 6.1 Types of lighting units existence in the building and also power installed in lighting on 
each floor and all building in 2008

Discharge downlight units Discharge tubulars units

Floor
170 mm
26 W

200 mm
52 W

220 mm
52 W

60 cm
18 W

120 cm
36 W

150 cm
58 W Total power

1 5 15 28 2′ 41 64 8.234 W

2 36 26 0 25 33 59 7.018 W
3 6 109 0 0 0 0 4.014 W
4 11 102 0 0 0 0 3.870 W
5 0 99 0 0 0 0 3.564 W
6 0 59 17 0 0 0 3.220 W
7 1 0 0 0 0 6 330 W

Total power 30.140 W

6 The Double Benefit of Environmental Sustainability – The Case of ISPGAYA
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Fig. 6.2 Geometrical 
model of ISPGAYA 
building, south view. 
(Source: Authors)

Table 6.2 Types of lighting units’ existence in the building and also power installed in lighting on 
each floor in 2022

LED downlight units LED tubulars units

Floor
170 mm
20 W

200 mm
40 W

220 mm
40 W

60 cm
9 W

120 cm
16 W

150 cm
24 W Power by floor

1 5 15 28 2’ 41 64 5.542 W
2 36 26 0 25 33 59 4.894 W
3 6 109 0 0 0 0 1.680 W
4 11 102 0 0 0 0 1.629 W
5 0 99 0 0 0 0 1.485 W
6 0 59 17 0 0 0 1.293 W
7 1 0 0 0 0 6 249 W

Total power 16.772 W

• 2019 (first semester) – LED tubes at 1th floor
• 2020 (second semester) – LED tubes in the computer lab and CIISP at 2th floor
• 2021 (second semester) – Library
• 2022 (first semester) – classrooms and corridor of 4th floor and office corridor at 

3th floor

Table 6.2 shows the current overview of the characteristics of installed LED lighting 
and also shows the current panorama of the installed power in LED lighting, where 
the numbers of light points were not changed but only the discharge technology was 
converted to LED technology.

This issue forced that the most recently installed downlights, despite having the 
same electrical characteristics and light color, are of a second generation where the 
AC/DC drives give more guarantees, having even started to replace the first genera-
tion downlights.

Comparing the two solutions, a gain of more than 53% is concluded, as can be 
seen in Table 6.3, in terms of installed power in the lighting circuit, thus translating 
into energy savings, making the building more sustainable in terms of lighting.
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Table 6.4 E-REDES ‘daily cycle’ tariff

Tariff period Sub period Winter time Summer time
Floods (i)

(ii)
(iii)

08 h00 to 09 h00
10 h30 to 18 h00
20 h30 to 22 h00

08 h00 to 10 h30
13 h00 to 19 h30
21 h00 to 22 h00

Peak (i)
(ii)

09 h00 to 10 h30
18 h00 to 20 h30

10 h30 to 13 h00
19 h30 to 21 h00

Empty (i)
(ii)
(iii)

00 h00 to 02 h00
06 h00 to 08 h00
22 h00 to 00 h00

00 h00 to 02 h00
06 h00 to 08 h00
22 h00 to 00 h00

Super empty 02 h00 to 06 h00 02 h00 to 06 h00

Table 6.3 Resume of power gain between both solutions

Technology Installed power
Discharge 30.140 W
LED 16.772 W
Gain 55,65%

An important aspect is the reliability of the equipment used. There is aware-
ness that technology has evolved ensuring greater reliability. However, this reli-
ability largely depends on the installation points, namely on their ventilation 
(Richter et al., 2019). This observation is made when one realizes that there are 
several AC/DC conversion drives that have to exist in LED lighting in which if the 
lighting point does not have ventilation, the AC/DC drives tend to break down 
early. Thus, in the installation of ISPGAYA, it was rare to have to replace LED 
tubes, while the frequency of failure of the AC/DC drives of the LED downlight is 
much higher because they are placed in a false ceiling where there is no facility 
for ventilation of the space.

This issue forced that the most recently installed downlights, despite having the 
same electrical characteristics and light color, are of a second generation where the 
AC/DC drives give more guarantees, having even started to replace the first genera-
tion downlights.

6.4.1  Impact of LED Lighting on Real Consumption

E-REDES is the company in Portugal that distributes electricity1 independently 
from the supplier. Through its internet portal, https://balcaodigital.e- redes.pt/login, 
it is possible to collect the energy consumption history of a point of an electricity 
consumer in Portugal.

Table 6.4 shows the tariff applied to the CEP/ISPGAYA consumer, which is 
called the ‘daily cycle’.

1 https://www.e-redes.pt
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https://balcaodigital.e-redes.pt/login
https://www.e-redes.pt


114

Applying this tariff to the energy consumption in the lighting circuits, comparing 
them with the opening hours of the ISPGAYA teaching sessions, it is clear that it is 
important to analyze the evolution of consumption in the floods (iii), peak (ii), and 
empty (iii) tariffs corresponding to the timetable from 18:00 to 00:00 of each day of 
classes from Monday to Friday, where most of the classrooms, laboratories, and 
other spaces work with lighting on. However, this is not possible because the data 
collection on the E-REDES portal does not separate the subperiods of (i), (ii), and 
(iii) in the floods and empty periods, nor the subperiods (i) and (ii) in the peak 
period. Thus, the analysis will have to incorporate an error of quantification and 
approximation to the real scenario.

Thus, with the ISPGAYA access credentials, it was possible to obtain data for the 
period from 2017 (the first year made available) to July of 2022, recording the con-
sumption shown in Table 6.5 and Fig. 6.3.

It is concluded that there is a decrease in energy consumption that accompanies 
the adoption of LED technology lighting, this fact is supported by the increase in the 
weight of energy consumed in the period of the super empty tariff while in the other 
tariffs there is a constant relative decrease.

Table 6.5 Total energy consumed per year and percentage weights of each energy tariff

Year
Power provider
(Rates): EDP

Floods
(%/year)

Peak
(%/year)

Empty
(%/year)

Super empty
(%/year)

2017 132.55 MWh/year 0.505 0.153 0.236 0.106
2018 120.14 MWh/year 0.457 0.139 0.29 0.114
2019 113.92 MWh/year 0.452 0.128 0.308 0.112
2020 89.72 MWh/year 0.435 0.13 0.31 0.125
2021 94.96 MWh/year 0.421 0.126 0.291 0.162
2022 (July) 42.73 MWh/year 0.416 0.121 0.28 0.183

0

0,1

0,2

0,3

0,4

0,5

0,6

2017 2018 2019 2020 2021 2022(july)

Floods
(%/year)

Peak
(%/year)

Empty
(%/year)

Super Empty
(%/year)

Fig. 6.3 Evolution of the percentage weights of each energy tariff between 2017 and the end of 
the first half of 2022 at ISPGAYA
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6.4.2  LUX Gain

In addition to the improvements felt in terms of energy sustainability, the conversion 
of lighting from discharge technology to LED technology brought improvements in 
terms of LUX measured at the level of the work plan, which are classroom tables. 
Comparing the measurements carried out in 2012 and in 2022, there is a substantial 
increase in LUX. The variations are not uniform as there are aspects that contribute 
to potentiate these variations felt with recent measurements. Thus, there are several 
factors that influence a nonuniform variation:

 (i) The color of the walls – The rooms on the 4th, 5th, and 6th floors were repainted 
and the walls, instead of light cream, changed to a semi-gloss white. The ceil-
ings were also repainted.

 (ii) Indirect light – The classrooms on the 1st and 2nd floors do not have direct 
light, but crown moldings where the room is illuminated by reflection on the 
classroom ceilings.

 (iii) Measurements with natural light component – Measurements made at 18:00 h 
translate into variations in the orientation and size of the classroom windows. 
Thus, we have different gains if the room is interior compared to rooms with 
east, south, or west orientation.

 (iv) Furniture change – The furniture of the classrooms on floors 4, 5 and 6 was 
changed from having tables and chairs in light and dark brown to white tables 
and chairs in white or light grey.

 (v) On the 1st and 2nd floors, the laboratories and interior rooms kept the cream 
color on the walls, only the ceilings were painted, so there was not such a sharp 
increase in LUX.

As the analyzed spaces are many, around 35 spaces of classrooms, laboratories, 
offices, library, study room, snack bar, etc., an aggregation by typology and orienta-
tion was chosen. The results of this aggregation are summarized in Table 6.6.

The results show economic gains that demonstrate from a financial point of view 
the advantages of making investments in environmental issues.

Table 6.6 Lighting improvements by space typology and orientation

Orientation of classrooms in 
the building

Medium with discharge 
lighting

Medium with LED 
lighting Improvement

Classrooms to the East 291,7 2975,3 491%
Classrooms to the West 400,7 1483,8 370%
Classrooms to the South 557,9 2413,7 432%
Interiors room 267,1 692,6 259%
Laboratories 489,8 1368,2 279%

6 The Double Benefit of Environmental Sustainability – The Case of ISPGAYA
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6.5  Conclusions

The results obtained allow the consolidation of the institutions’ ESP (annex 1), in a 
perspective of short-, medium-, and long-term planning of the set of measures and 
actions with results in the dimensions of environmental improvement and improve-
ment of the institution.

This study allowed us to realize that ISPGAYA should move the contract to a 
weekly basis, as we are spending at the weekend as if it were a working day when 
activities are only from 09:00 to 18:00, and there is almost no use of the facilities 
after lunch. In future energy audits, a more thorough analysis will be done on the 
lighting circuits.

As final considerations, we state that humans transform the goods consumed and 
return to nature the leftovers and all that he does not take advantage of, hence the 
pertinence of the term “double benefit”. It is also increasingly common knowledge 
that resources are finite and that when the rate of consumption exceeds their regen-
eration capacity, adverse results arise for all humanity. It is clearly accepted by all 
that this relationship of mutual survival between man and the environment must be 
beneficial to both, otherwise both are harmed. The data gathered showed clearly 
financial benefit on recurring to solar panels and led technology, and the institu-
tion’s path to prove benefits, is set on solid basis with the ESP. The research ques-
tion posed in the introduction of the manuscript was answered, demonstrating 
financial benefits of applying environmentally friendly technology. More difficult to 
prove is the concept of double benefit, whereby the benefits to the environment are 
only deducted.

Finally, involving students in projects within curricular units of the courses min-
istered with processes of environmentally friendly technology implementation 
states the institution’s and scholar community growing compromise with sustain-
able development goals that drive the 2030 agenda within higher education sustain-
ability purposes, now mandatory according to A3ES standards. The plan for the 
environmental sustainability of the institution (see Appendix 1) contemplates a 
strategy for continuous improvement at the technological level, but also the educa-
tional aspect and the involvement of the school/educational community in the orga-
nization’s sustainability strategy. The plan contemplates, concomitantly, dimensions 
such as: awareness-raising actions for students, employees and teachers; led tech-
nology, solar thermic panels, photovoltaic solar panels technology; and Luminosity 
sensors.

In the future, the study will be further developed by collecting data on consump-
tion and efficiency in terms of space lighting. New solar panel technologies may be 
considered for implementation, as well as innovations in the led technology used, 
following the plan for the environmental sustainability of the building.

This manuscript presents, in a descriptive way, financial results of the application 
of environmentally friendly technology in a building of a higher education institu-
tion, according to a time sequence. The analysis could be driven by hypotheses to 
be tested, based on data regarding other HEIs, allowing for a comparative analysis.
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7.1  Introduction

Data analysis and statistical evaluation are based on collecting, exploring and pre-
senting large amounts of data to discover underlying patterns and trends. It is used 
for reporting, alerting, forecasting, predictive modelling, optimization, prescriptive 
analysis and actionable knowledge delivery (Cao, 2017). In this respect, data analy-
sis has been used in conjunction with artificial intelligence in order to evaluate rel-
evant data to be used in training and enable the development of more accurate 
models. In this sense, Jayasutha and Arunachalam (2022) used statistical resources 
to select an ideal subset of characteristics to develop a model based on deep learning 
to predict the stress levels of employees of an IT company. The selection of optimal 
features makes it possible to create more accurate prediction models, as it elimi-
nates unnecessary information that acts as noise.

In “Artificial Intelligence: A Modern Approach” (Russell et al., 2010), intelli-
gence is mainly defined by a rational action, in which a system tries to make the best 
possible decision within certain conditions. In this sense, AI has advanced very 
rapidly in recent years due to its ability to find optimal solutions, and the interdisci-
plinary of the subject has converged on issues of greater relevance, always carrying 
with it the scientific methodology for decision making and changing approaches. In 
this scenario, some attempts to improve the demand response system are promising, 
such as the implementation of artificial intelligence to predict supply and demand in 
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large cities, using parameters such as weather conditions and period of the year 
(Kurbatsky & Tomin, 2010). Yan et  al. (2019) proposed a hybrid deep learning 
model, combining the structure of a long-term memory neural network (LSTM) 
with a stationary wavelet transform (SWT) technique. The data was obtained by 
analysing a dataset on actual household energy consumption in kilowatt-hours, col-
lected every 6 s. The results showed that the proposed method outperformed other 
state-of-the-art models, such as the support vector regression (SVR) model, long- 
term memory neural network and convolutional techniques that combine long-term 
memory techniques. Nespoli et  al. (2019) compared different methods for day- 
ahead production of photovoltaic sources. Both methods are based on artificial neu-
ral networks and were trained using the same dataset. The dataset consists of an 
hourly series of both temperature and measured power production data, and the data 
was separated into clusters for the system to differentiate sunny and cloudy days for 
separate training. One of the networks was trained using only temperature and 
energy production data, while the other uses a hybrid method, with the original 
dataset added with the daily weather forecast. The results show that the network 
trained without weather forecast had a more stable response. Porteiro et al. (2022) 
developed an energy consumption prediction system for industrial and residential 
facilities. The method applied was the use of machine learning techniques, obtain-
ing an average absolute error of 2.55%. The dataset used for the industrial plant has 
several parameters, such as year, month, day, hour, working day (checks if it is a 
working day, if it is a Boolean value representing yes or no) and demand (consump-
tion at that moment). In this regard, it is possible to use different parameters to build 
the dataset and the predictive models. Yang et al. (2022) work elaborated a model to 
predict energy demand forecast support-vector regression and also evaluated the 
most impacting variables in the dataset. However, the study was applied to China’s 
energy system, and there is a lack in actual study to analyse the most impacting 
variables in a single unit (house or company) perspective.

The objective of this work is to evaluate which variables have the greatest impact 
in determining a customer’s energy demand, avoiding the additional charge for 
demand contracted with the energy company. This work is the first stage of a study 
whose aim is to propose a predictive model of demand. For that purpose, two data-
sets with different parameters and characteristics were analysed in order to under-
stand their behaviours and make model implementations for energy demand 
forecasting more assertive.

7.2  Tariff Regulation for High-Medium Voltage in Brazil

Demand is the power made available to the consumer, to produce the energy 
requested by the loads installed in its establishment.

With demand control, customers pay much less for electricity. Most consumers 
are concerned with reducing electricity costs, consuming less kWh, that is, spend-
ing less energy in their facilities. This really brings some benefit, but it is far and far 
from solving the problem because what weighs on the electricity bill in the Brazilian 
scenario are both demand (kW) and energy consumption (kWh).
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Table 7.1 Tariff categories (ANEEL, normative resolution N° 1.000/2021)

Consumer type Tariff type
Tension supply equal of superior to 69 kV (any demand) Blue
Tension supply inferior to 69 kV (demand equal or superior to 
500 kW)

Blue or green

Tension supply lower than 69 kV (demand equal of superior to 
50 kW and inferior to 500 kW)

Blue, green, or 
conventional

The tariff structure for consumers connected to high voltage with demand equal 
to or greater than 50 kW is shown in the following table:

As can be observed in Table 7.1, if demand is exceeded, a different tariff will be 
applied to the total portion of demand, as it exceeds the contracted amounts.

Power demand tariffs are fixed in reais per kilowatt (R$/kW) and electricity con-
sumption tariffs are fixed in reais per kilowatt-hour (R$/kWh).

There are different forms of pricing, depending on some criteria related to the 
consumer customer.

In the Brazilian scenario, the lack of awareness impacts both the residential and 
industrial sectors, in which the customer, unaware about the difference between the 
contracted energy and the monthly utilized energy, is responsible for paying fines in 
case of expressive variance.

According to ANEEL (ANEEL, normative resolution N° 1.000/2021), many 
companies are classified in category “A” which are served in medium and high volt-
age, above 2300 V. For example, industries and large commercial complexes.

Within this group there are still 6 subgroups:

• Subgroup A1 for voltage level of 230 kV or more
• Subgroup A2 for voltage level from 88 to 138 kV
• Subgroup A3 for the voltage level of 69 kV
• Subgroup A3 for voltage level from 30 to 44 kV
• Subgroup A4 for voltage level from 2.3 to 25 kV
• Subgroup AS for underground system

“Group A” tariffs are based on three supply modes:

• Conventional
• Blue time seasonal
• Green time seasonal

7.2.1  Conventional Tariff Structure

The conventional tariff structure is characterized by the application of energy con-
sumption and/or power demand tariffs regardless of the hours of use of the day and 
the periods of the year.
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Consumers served at high voltage may also opt for the conventional tariff struc-
ture, if served at supply voltages below 69 kV, provided that they have contracted a 
demand of less than 500 kW.

7.2.2  Time-Seasonal Tariff Structure

The time-seasonal tariff structure is characterized by the application of differenti-
ated tariffs for electricity consumption and power demand, according to the hours of 
use of the day and the periods of the year (ANEEL, normative resolution N° 
1.000/2021). The purpose of this tariff structure is to rationalize the consumption of 
electricity throughout the day and year, motivating the consumer, due to the differ-
entiated value of the tariffs, to consume more electricity at the times of the day and 
in the periods of the year when it is cheaper.

For the hours of the day, two periods are established, called tariff stations, which 
were exemplified in item 2.1.1 of this work: the “peak” tariff post and the “off peak” 
tariff post. Rates during “peak” hours are higher than during “off-peak” hours.

For the year, two periods are established: “dry period,” when the incidence of 
rain is lower, and “wet period” when the volume of rain is greater. Tariffs in the dry 
season are higher, reflecting the higher cost of producing electricity due to the 
smaller amount of water in the reservoirs of hydroelectric plants, causing the even-
tual need to supplement the load by thermal generation, which is more expensive. 
The hourly seasonal tariff is divided into two different pricing methods: Blue 
and Green.

7.2.3  Time-Seasonal Tariff (Blue and Green)

Figure 7.1 presents the time-seasonal tariff for blue and green structures. The blue 
time-seasonal tariff is the structured supply modality for the application of differen-
tiated tariffs for electricity consumption, according to the hours of use of the day 

Fig. 7.1 Difference between blue and green tariffs. (ANEEL, normative resolution N° 1.000/2021)
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and the periods of the year, as well as differentiated tariffs for power demand 
according to with the hours of use of the day.

For the blue hourly seasonal tariff is mandatory to apply to consumer units served 
by the interconnected electrical system, and with a supply voltage equal to or greater 
than 69 kV, while for the green applies to consumers with less than 69 kV and con-
tracted demand equal to or greater than 500 kW. The blue and green hourly seasonal 
tariff has the following structure for energy consumption:

• A value for the peak time in wet period (PU)
• A value for the off-peak hours in wet season (FPU)
• A value for the peak time in dry period (PS)
• A value for off-peak dry season (FPS)

7.2.4  Parameters Definition

In the current Brazilian energy supply system, the lack of awareness from the cus-
tomer side about assertive measurements of energy demand is a common scenario. 
This is mainly due to the dimensioning of the demand being carried out only in 
relation to the maximum load of the installation (ANEEL, Normative Resolution n. 
414/2010), that is, the amount of electric power required when all equipment is 
turned on and operating at full power. This analysis is very simplistic because it only 
considers the installed load, but since these machines and devices do not always 
work simultaneously, therefore, it is not necessary to contract a demand close to the 
maximum. Even because the greater the value of contracted demand, the greater the 
cost to be paid for availability. In addition, this situation can lead to a low efficiency 
of the electrical system, since the system has low energy use.

In addition, for situations in which demand can be exceeded, one of the ways of 
acting is to remove loads, either manually, where the plant operator turns off loads 
in order to reduce power, or automatically. For automatic operation, a study must be 
carried out on the system loads and to define a group of loads or areas that can be 
turned off without affecting the company’s production or processes.

This situation impacts both the residential and industrial sectors, in which the 
customer, unaware about the difference between the contracted energy and the 
monthly utilized energy, is responsible for paying fines in case of expressive 
variance.

The charging of energy to medium voltage consumers is based on three main 
components, the TE (energy tariff), the TUSD (tariff for the use of the distribution 
system) and the contracted demand (ANEEL, Normative Resolution n. 166/2005). 
Therefore, the following parameters are measured by the energy supplier to com-
pose the price of the customer’s energy bill:

• Energy consumption or active energy: Amount of active electrical power con-
sumed in a time interval, expressed in kilowatt-hours (kWh). The consumption 
can happen during the peak period (PP) or out of the peak period (OPP).
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• Contracted demand: Active electrical power to be mandatorily and continuously 
made available by the concessionaire, at the point of delivery. In general, it is 
adjusted according to the institution’s operating dynamics.

• Measured demand: Highest active power demand, verified by metering, evalu-
ated each 15 min during the billing period.

Tariffs are segmented according to the period in which energy is consumed. 
There are two differences: daily, according to the variations that take place 24 h a 
day, and annual, according to the climatic differences between the months of 
the year.

According to ANEEL, in its Resolution No. 456, the segmentation of the so- 
called tariff stations is done as follows:

Hours of the day:

• Peak hours (PP): Period defined by the concessionaire and composed of 3 (three) 
consecutive daily hours, except for Saturdays, Sundays and holidays defined by 
federal law, considering the characteristics of the electrical system

• Off-peak hours (OPP): Period composed of the set of consecutive daily hours 
and complementary to those defined during peak hours

Period of the year:

• Dry period (S): 7 (seven) consecutive months, from May to November, inclusive
• Wet period (U): 5 (five) consecutive months, from December of one year to April 

of the following year

7.3  Materials and Methods

Datasets used in this initial stage of the project will be presented, as well as the 
respective statistical analyses applied. The first dataset is from a Brazilian scenario, 
while the second from a Romanian scenario, however, both were analysed under the 
Brazilian tariff system.

7.3.1  Dataset 1

To build a dataset, a data composed from two different clients (12 months each), in 
the voltage class of 13.2 kV, were analysed, localized at São Paulo, Brazil.

An important feature from the data is that the demand for energy used throughout 
the year is mostly lower than the contracted demand. This generates additional 
expenses for the customer while limiting the utility’s ability to supply energy to 
other sectors. The following features are provided by the data:
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• Demand;
• Consumption PP TUSD;
• Consumption PP TE;
• Consumption OPP TUSD;
• Consumption OPP TE.

To enable the analysis of the data provided by the customer, it was initially 
treated to eliminate outliers, which represented less than 3% of the total amount. 
The HeatMap function (Waskom et al., 2017) was implemented, aiming to evaluate 
the correlation between the features acquired (positive or negative correlation).

Finally, a linear regressive approach based in the sklearn library was applied 
aiming to stablish an initial model to predict monthly energy demand, implementing 
a total of 10-fold cross validation. Python native libraries were used, such as numpy 
(Harris et al., 2020), pandas (McKinney, 2010), statesmodels (Seabold & Perktold, 
2010), sklearn (Pedregosa et al., 2011) and seaborn (Waskom et al., 2017).

7.3.2  Dataset 2

As a second dataset, a public dataset containing Hourly Energy Consumption from 
a large Romanian hypermarket was analysed (Piedad & Kuo, 2018). The data was 
acquired during the entire year of 2016 and contains:

• The hour consumption (measured in MWh)
• Day of the week
• Day of the month
• Month
• Temperature (measured in Celsius degrees)

Also, to extract the demand from the dataset, the differential mathematical 
method was used, since the demand is the derived form of consumption, this made 
it possible to perform analyses of variance and correlation between the data 
provided.

This dataset was selected firstly because it allows statistical analysis with a wide 
range of data, and secondly because it refers to an establishment model that is easily 
replicated in other countries, including Brazil, in which the hypermarket tariff cat-
egory would be subgroup A.

The Pearson’s correlation coefficient and post hoc test (Pohlert, 2014) are statis-
tical methods which were used to analyse the mentioned data. Those methods were 
applied using the JASP software (JASP Team, 2022) due to its wide range of pos-
sibilities for statistical analysis.
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7.4  Results and Discussion

Figure 7.2a presents the heat map result, and Fig. 7.2b presents the score of relevant 
features for each customer in dataset 1. It is possible to identify a strong positive 
correlation between the utilized demand and the energy consumption OPP, which is 
between 6 p.m. and 9 p.m., while compared to the PP counterpart that demonstrated 
lower correlation with the consumed demand.

The total amount of demand not used during the 12-month period represents an 
average of 66% unused energy demand during the period for the first customer and 
42% to the second, as represented in Fig. 7.3.

A linear regression method was applied by using the random forest method to 
verify that the initial data provided is sufficient to determine demand. The method 
was applied by using the number of estimators equal to 500, and the initial results 
show that the percent absolute mean error is inferior to 8%. However, using a larger 
amount of samples causes an increase in error, due to the inclusion of new nonstan-
dard sample types. Thus, for predictions based on training with large amounts of 

Fig. 7.2 Correlation (a) and relevant features (b) in Brazilian dataset
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Fig. 7.3 Percentage of the used demand as a function of the month

Fig. 7.4 Correlation 
between demand and 
consumption

data, it is necessary to use more sophisticated methods that reduce the error, such as 
artificial intelligence.

For the dataset 2, the Pearson’s correlation coefficient was applied, and it was 
noticed a strong correlation between demand (y axis) and consumption (x axis), 
representing close to a linear correlation, as shown in Fig. 7.4.

In Fig. 7.5 it is possible to notice an increase in consumption of energy based in 
the months of the year, with a higher consumption during the summer period (June 
to August), which demonstrates the consumption (in MWh) from each day through 
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Fig. 7.5 Energy consumption and temperature comparison

Table 7.2 Comparison of different temperatures categories

Post hoc comparisons – category
Class 1 Class 2 Mean difference SE P-value
Average temperature High temperature −0.234 0.006 <.001

Average temperature Low temperature −9.535e-4 0.006 0.986

High temperature Low temperature 0.233 0.006 <.001

Note. P-value adjusted for comparing a family of 3; SE Standard Error

the year (from January to December) at different periods of the day. By comparing 
the consumption and temperature charts, it is possible to verify a direct impact from 
temperature, which increase the total amount of energy consumption.

To further understand the temperature impact in the energy consumption, an 
analysis was made by separating the temperature feature into 3 different categories: 
High, average and low temperature. These categories were separated in order to 
allow an equitable division of the dataset for each.

Table 7.2 shows that the temperature impact is particularly prevalent during high 
temperatures, by applying post hoc test using Tukey’s correction method. Analysis 
of the comparison factor “P-value” shows that the data from average temperature 
class has high similarity with the data from the low temperature class (0.986), while 
it has low similarity with the high temperature class (<.001). This situation indicates 
that only for high temperatures, it is possible to notice an increase in energy demand, 
while for medium and low temperatures the difference generated in demand is mini-
mal. A main factor that explains this condition is the necessity to use more energy 
to refrigerate the food and the air conditioner used to minimize the higher tempera-
tures inside the establishment.

Also, although there is energy consumption during the night period due to prod-
ucts refrigeration, it is significantly less than during the rest of the day (from 8 am 
to 9 pm the consumption is higher), and the day of the week has little impact in the 
consumption variation, as the average consumption for each day of the week has a 
variation representing less than 2%.

By normalizing the data regarding the temperature, as shown in Fig.  7.6, the 
energy consumption has little variance, which indicates that the seasonality factor 
has little impact in the consumption outcome.
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Fig. 7.6 Normalized 
consumption (in MWh)

7.5  Conclusions

The aim of this work was to discuss the main indicators to be used for prediction of 
energy consumption in the Brazilian industrial context. Based on the customer’s 
dataset, the utilized energy demand is highly influenced by consumption during the 
peak period. Also, the implemented model tracks energy consumption, by relating 
it to the contracted demand, which manages to compare the data and provide an 
overall situation of the system conditions, making it possible to identify anomalies 
in the customer load. Thus, the evaluation elaborated using linear regression method 
is promising, approximately representing the customer’s energy demand. However, 
for large datasets, other methods such as artificial intelligence are more promising 
to predict customer’s demand.

The low level of efficiency of demand usage, shown in Fig. 7.3, demonstrates the 
need to establish demand prediction mechanisms that are effective and at the same 
time accessible to different commercial and industrial sectors, since it causes a big 
difference in the energy bill paid by these companies. In addition, the better match 
between contracted demand and consume would relieve the load imposed on the 
energy distributor, enabling a more efficient use of the electricity grid. These are 
fundamental concepts that are in line with the energy efficiency and sustainability 
agenda of SGD7, proposed by the United Nations in 2015.

The consumption has a direct correlation with the measured demand and is con-
sidered to be an important factor to determine it. The temperature component is also 
a significant contributor to determine demand, mainly in high temperatures as rep-
resented in Fig. 7.5.

In spite of the normalized analysis, Fig. 7.6 shows little impact from seasonal 
components on the demand for dataset 2, this result is, however, highly dependable 
on the customer’s type and will not determine with precision if this variable is sig-
nificant to determine demand for other scenarios with companies related to seasonal 
consumption, like Christmas or Easter.

Considering that temperature is a quantitative variable, and that its variation is 
directly related to consumption, it is important that the demand and consumption 
forecast is carried out in such a way that the established demand limits are not 
exceeded or underutilized since both these conditions may incur additional charges 
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on the energy bill. Considering that the temperature factor is decisive, a rigorous 
analysis of this variable is necessary to decide between a regulated contract or a free 
market model, in order to contract the energy demand that is best suited to the type 
of customer.

Although in both datasets the energy consumption has been shown to be highly 
correlated with demand, variables such as temperature and seasonality are also 
important factors in the analysis.

The next step of the project consists of developing a dataset using the parameters 
selected based on the analysis performed and later studying different predictive 
methods applied to the created dataset.
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8New Energies Framework: Hydrogen 
Ecosystem, Geopolitical and Economic 
Impacts

Eric Zanghi, Felipe de Brito e Cunha, Maria Mônica de Oliveira, 
and Carlos Henrique de Oliveira

8.1  Introduction

For decades, human society has been looking for sustainable energy production 
options, whether in the intelligent use of primary resources, in the logistics of stor-
age and distribution or in terms of the cost of implementation. Several energy 
sources and technologies have been investigated, improved and consolidated in the 
past 20  years (e.g. biogas, tidal, solar, and wind power plants), and a few more 
promising ones are on the way to becoming viable from a technical-economic point 
of view.

It can be seen that hydrogen is an abundant earth’s natural element (Lubitz & 
Tumas, 2007); however, its naturally available form is strongly connected with 
other atoms of natural elements. Its capture, storage and deployment present chal-
lenges in terms of economic feasibility. Besides, the use of the hydrogen as an 
energy source is not trivial from the point of view of the holistic sustainability 
approach advocated by international organizations (Bleischwitz et al., 2018; Falcone 
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et al., 2021). In order to effectively make hydrogen a significant component of the 
world energy matrix, international efforts are being made, and increasingly so. 
These efforts take place from a financial point of view, with extensive funding for 
research and development like the European initiative (European Commission, 
2021), in the social sphere, with the education and awareness of the population 
about new and clean energy sources (European Commission, 2020; Mazloomi & 
Gomes, 2012; Schönauer & Glanz, 2022) and in the market sphere (Maggio et al., 
2019; Schulte, 2004), encouraging the creation of complete value chains to enable 
the application of new technological solutions (Lo Faro et al., 2022; Scovell, 2022).

This work aims to consolidate information on important impacts, namely in the 
technical, geopolitical and economic areas, on the implementation of the use of 
hydrogen as a primary resource of new technologies of energy production. This 
article reviews the available literature, and the most recent achievements in the 
hydrogen economy framework formatted in a logical sequence for a complete con-
textualization on the topic. This work is structured as follows: Sect. 8.2 presents a 
review of hydrogen’s recent achievements and the consolidating ecosystem. This 
section still details the technologies, presents geopolitical impacts and goes from 
business hubs to the general economic aspects. Section 8.3 concludes the work by 
pointing out the main aspects, challenges and potential benefits that can be achieved.

8.2  Hydrogen Ecosystem

The world energy production based on renewable sources is growing every year 
according to a report by IRENA (Renewable Energy Agency, 2022), and this growth 
is not limited to the most socially developed countries. The need to limit carbon 
emissions and achieve low energy prices in sustainable growth is driving unprece-
dented changes in the global energy transition. The falling costs of renewable energy 
and its decentralized nature have increased widespread electrification. Continuous 
technological advances, well-focused public policy and cost-effective power plant 
solutions are driving the energy transition accessible to all types of society, even the 
most socially and economically disadvantaged.

Despite all the advances in electricity production, it is important to note that 
energy for residential, commercial and industrial use is not limited to just a single 
secondary energy (i.e. electrical energy). Exclusive dependence on a single second-
ary energy source is neither a safe nor a reasonable path in technical and economic 
terms. Other energy sources are needed for the production of heat and movement, 
which are called end-use energies. At this point, natural gas, methanol, gasoline, 
diesel and all secondary energy sources play an important role in the energy value 
chain as a whole. Hydrogen appears as another secondary energy component (Jain, 
2009) and can be used basically in the gaseous form (i.e. H2) or as the main element 
of hydrogen cells, needing to be combined with other chemical elements (e.g. 
nickel, platinum, etc.) so that they can produce end-use energy.
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All industrial processes for the production of renewabe energy generation solu-
tions, whether for the creation of photovoltaic panels or wind towers, will inevitably 
have to consume a considerable amount of natural mineral resources and will con-
sume materials based on polymers, that is, based on petroleum. The value chains of 
these solutions are usually analysed from the moment of their installation until the 
end of their useful life, discarding the cycles of creation, destruction, recycling or 
reuse (Jensen, 2019; Tsanakas et al., 2020). The same holistic sustainability analy-
ses and concerns must be made with hydrogen-based solutions, whether they are 
designed for small-scale or large-scale use.

One of the great advantages of energy production with renewable sources is its 
ability to use endemic primary energies (e.g. solar, wind, etc.) in a distributed man-
ner on technically possible scales. Regions with high solar intensity may have rela-
tively small areas for the installation of solar panels, which are insufficient to meet 
their energy demand. However, several endemic sources of primary energies from 
the same region, being used in a combined and systemic way (e.g. solar, wind and 
water), could supply this demand. Hydrogen adds great value in this approach to 
distributed energy production because it is abundant in several natural and industrial 
substances (e.g. water, methanol and hydrocarbons) that can be endemic or pro-
duced in a specific region.

To better understand how complex the hydrogen ecosystem can be, it is impor-
tant to observe Fig. 8.1 that its use reaches a whole range of applications, such as in 
industrial and agribusiness resources, through the production of electric energy to 
the driving energy of large cargo transport equipment.

Fig. 8.1 The complex framework of hydrogen usage

8 New Energies Framework: Hydrogen Ecosystem, Geopolitical and Economic Impacts



138

8.2.1  Technological Aspects

It is important to emphasize that the use of hydrogen depends primarily on its cap-
ture in the molecules of these substances, so that, in its pure and isolated form, it can 
be used in energy production solutions. Water and fossil substances are the main 
sources of hydrogen; therefore, a separate analysis of these two types of sources is 
necessary for a better understanding of the viability of hydrogen in the energy 
matrix (Fig. 8.2).

8.2.1.1  The Green Hydrogen
Green hydrogen is produced by the electrolysis of water in equipment called elec-
trolyzers. Using electrical energy and water (H2O) to separate hydrogen (H2) and 
oxygen (O2) molecules, electrolyzers are the key to this process. These equipment 
are in constant technological evolution in order to optimize their cost-effectiveness 
(Yue et al., 2021), making them more efficient in terms of energy and monetarily 
less expensive when using the most abundant catalyst materials on the market. For 
this hydrogen capture process to be considered fully decarbonized, the electricity 
used cannot come from fossil sources, such as coal or natural gas, but from renew-
able sources (e.g. solar, wind or hydro).

It is important to point out that when is it possible the use of renewable energy is 
directly more efficient than converting it to hydrogen to be used as an energy source. 

Fig. 8.2 Simplified colour spectrum typology of hydrogen production. (Source: International 
Energy Agency, 2022)
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Using renewable energy to produce hydrogen is about 20–40% less efficient than if 
renewable energy could be used directly (Energy Transitions Commission, 2021).

8.2.1.2  The Grey Hydrogen
The so-called grey hydrogen is the most used on a world scale for industrial use and 
is produced from the burning of natural gas, which has increasingly been produced 
also from coal (so-called brown hydrogen), in a reaction known as steam reforming 
(SRM). The hydrogen separation process is basically the same for gasoline, naph-
tha, methanol or even other renewable sources such as ethanol. Regardless of the 
source, these processes will always emit air pollutants. The process involves the 
reaction of methane, contained in natural gas and water vapor at high pressure and 
temperature (around 1000 °C). Steam reform consumes large amount of energy and 
emits a large amount of carbon dioxide (CO2) into the atmosphere, which is exactly 
the main element to be avoided in the new energy transition. An important portion 
of the world production of grey hydrogen is used to synthesize ammonia and its 
derivatives (for agriculture) or to carry out oil refining operations.

8.2.1.3  The Blue Hydrogen
Basically, blue hydrogen represents the same capture process as grey hydrogen but 
with an additional post-processing focused on capturing the CO2 emitted by the H2 
separation process. This CO2 capture, called carbon capture and storage (CCS) or 
CCUS with CO2 reutilization, can be performed directly in the CO2 gas outlet or 
indirectly, capturing CO2 from the air around the grey hydrogen production plant. 
The CCS refers to the initiative and its set of technologies (Bui et al., 2018) that aim 
to prevent the emission of large amounts of CO2 at the point of origin of its emission 
pursuing the carbon neutrality for an specific hydrogen plant (Sunny et al., 2020). 
For this, the CO2 captured is subjected to a chemical process that produces a rela-
tively pure carbon dioxide stream. This steam is compressed at high pressure to be 
transported by land and/or sea to its final storage location. This storage is carried out 
in deep regions, both offshore and onshore (Raza et al., 2019).

The basic technology for the CCS process has been around for many years. 
However, the high cost of the process and its technical-scientific uncertainties 
(Koelbl et al., 2014) are the main barriers to the extensive implementation of this 
technology. In addition, there are studies that consider some risks related to storage 
techniques in deep geological formations, such as accidental leaks and the occur-
rence of earthquakes (Zoback & Gorelick, 2012). In a critical analysis, studies show 
that the methane emission rate from natural gas is reduced at most to about 1.54% 
(Howarth & Jacobson, 2021), but the greenhouse gas emissions from blue hydrogen 
are still higher than the combustion of natural gas and between 18% and 25% higher 
than in the grey hydrogen process.

The composition of the cost of hydrogen production can be understood by taking 
into account three main factors, namely the price of locally produced electricity, 
capital expenditure for electrolysis units (CAPEX) and operating costs (OPEX). In 
cases where hydrogen is not used immediately at your production site, storage, 

8 New Energies Framework: Hydrogen Ecosystem, Geopolitical and Economic Impacts



140

Green Hydrogen

Water

+

Rene-
wables

Methane/
biogas

Electrolysis

Gas
reforming

Carbon
dioxide CCS

Hydrogen
Gas

Compression

Hydrogen
liquid

Transport

Transport

Ground
mobility

Synfuel for
aviation

Heating

Grid power

Ammonia
synthesis

Iron
sponge

Fertilizer

Maritime
fuel

Refining

Iron
ore

Nitro-
gen

Feedstock

Power

Fuel

CO2

Storge

H2

Stored
Grey Hydrogen

Blue Hydrogen

+

+

+

Fig. 8.3 Hydrogen pathways framework

transport and distribution costs would also need to be taken into account, which 
adds to the complexity of its ecosystem.

Figure 8.3, adapted from (Hydrogen Council and McKinsey & Company, 2021), 
shows a complete view of the hydrogen pathway since the captation method (e.g. 
green, grey or blue) of the hydrogen gas (H2) molecule for use in the final destina-
tion, either as a production input or as an energy source. In the process between the 
capture and the final use of hydrogen, two possible alternatives can be observed. 
One is the storage and transport of H2 (gas state) using new gas network infrastruc-
ture or using adapted natural gas pipelines already installed, well described in 
(ACER, 2021; Cerniauskas et al., 2020; Ogden et al., 2018) presenting some techni-
cal issues related to the infrastructure adaptation and other challenges. The other 
alternative is the process of applying low or high compression over the H2 for its 
transformation into liquid state. After that, the hydrogen liquid can be transported 
using long or short distance land or maritime transportation.

8.2.2  The Geopolitical Impacts

The green hydrogen is emerging as an attractive solution for decarbonizing society. 
This solution allies renewable energy power plants with hydrogen gas production 
and can help to solve the energy issues that affect the energy-intensive industries 
that often face challenges in electrification (Balcombe et al., 2018; Espegren et al., 
2021). This industry segment is critical to the world economy and comprises long- 
distance transport (e.g. long-haul aviation and international shipping), heavy indus-
try (e.g. metal mining) and agrochemicals (fertilizers). This analysis is based on the 
actual technologies and strategies designed or already applied around the world 
(European Commission, 2019; Marbán & Valdés-Solís, 2007; Neuwirth et al., 2022).
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The impact specifically on large maritime freighters and long-distance aviation 
is a game change in the world demand for fossil fuels, since the great concentration 
of consumption of these commodities comes from the global logistics chains 
(Atilhan et al., 2021; Hoelzen et al., 2022). According to the report presented in 
(Hydrogen Council and McKinsey & Company, 2021), clean hydrogen could reduce 
cumulative CO2 emissions by a total of 80 gigatons (GT) by 2050, contributing with 
20% of the total abatement forecasted to this period.

All global or local strategies must rank the priorities, especially when the subject, 
here the hydrogen, is so useful and cappilared into the most important industrial value 
chains in the world. Figure 8.4 illustrates the maturity level of the hydrogen solutions 
face to the type of solution, namely centralized or decentralized.

The focus on large impact centralized solution is in line to the technological 
maturity, which is a consequence of larger investments looking for bigger economi-
cal impacts. This strategy is driven by the most important economies in the world 
(Cuevas et al., 2021) and became an important vector to achieve the challenge of the 
energy transition (Council, 2017) and the goals for 2030.

Accordingly to the IRENA report (Blanco & Taibi, 2022) shown in Fig. 8.5, the 
supply and demand of the hydrogen for regions around the world in 2050 will create 
a new scenario of self-sufficiency. From an optimistic point of view of the techno-
logical evolution, the IRENA report shows some emergent countries (e.g. Chile, 
North Africans countries, etc.) as a potential exporters and some strongly industrial-
ized countries, i.e. Germany, as future importers. Once more in the energy history 
can be noticed the fragility of the central Europe when natural resources are 
demanded (e.g. water and petroleum) and the importance of a diverse energy matrix.

Fig. 8.4 Maturity of hydrogen solutions. (Source: Bianco et al., 2022)
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Fig. 8.5 Forecast of hydrogen self-sufficiency. (Source: Blanco & Taibi, 2022)

The Russian invasion of Ukraine in 2022 has pushed the cost of hydrogen from 
fossil gas to much higher than the cost of hydrogen from renewable sources (i.e. 
green hydrogen). As fossil fuel prices have risen, so have the costs of grey and blue 
hydrogen (Fabiola & Pantaleone, 2021). The feasibility of producing green hydro-
gen from renewable energy sources through electrolysis has become affordable and 
safe, especially in Europe and countries without natural fossil energy resources.

On 18 May 2022, the European Commission published its “REPowerEU” that is 
a plan to reinforce the energy independence from Russia as quickly as possible, in 
principle by 2027 (REPowerEU, 2022). The plan covers three pillars, namely: 
demand reduction, diversification of fossil fuel suppliers encouraging the construc-
tion of new infrastructures and the acceleration of the transition to renewable energy 
sources. The Russian Federation is one of the largest oil and gas producers in the 
world, despite this, it has been searching for solutions that prove the viability of 
hydrogen energy for some years, as explained in (Shulga et  al., 2020; Zhiznin 
et al., 2020).

Focused on the hydrogen, the European Union (EU) is prioritizing energy inde-
pendency and is developing internal market ecosystems to achieve the optimum 
level of the green and blue hydrogen. The recent report presented in (Nuñez-Jimenez 
& De Blasio, 2022) explains the EU strategy for the local and long-distance impor-
tation. The future and possible scenarios consider some key strategic variables 
namely: energy independence, cost (optimization) and energy security, looking for 
combining long-distance reliable partners (e.g. Australia and the United States) 
with a inter EU community production.

8.2.3  Hydrogen Hubs

The importance of business hubs in the hydrogen global scenario shows how the use 
of this natural element are evolving specially as an energy source. The hydrogen 
energy has emerged from a particular niche of knowledge in the scientific area to a 
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real business ecosystem. The so-called H2 hubs have been trying to encompass the 
whole hydrogen usage (i.e. industrial and energetic) in a holistic view of its 
value chain.

Energy community organizations have emerged and allowed customers to 
become energy producers and consumers at the same time (i.e. prosumers). These 
focus on clean energy and uncover opportunities to engage communities, which are 
milestones in achieving energy goals and carbon footprints. While hydrogen market 
organizations are gaining momentum and countries are accelerating their adoption 
through investment policies and cross-border contracts. Likewise, some companies 
have been consolidating as hydrogen hubs (i.e. H2 global cluster) and so entire 
regions (i.e. H2 sines – Portugal) unlocking the opportunity to accelerate the hydro-
gen production. Geographic hydrogen hubs are places where hydrogen producers, 
suppliers and exporters are located. This type of arrangement that combines cross- 
sector demand and the co-location of the entire hydrogen value chain minimizes the 
cost of supporting infrastructure, essential for scaling hydrogen production. The H2 
hub companies runs horizontally with actions that engage key resources and short-
ens the learning curve for stakeholders optimizing the solutions management, 
decreasing gaps and waste.

The hydrogen hubs must provide the opportunity to develop decarbonization 
solutions and deploy them at scale. Industrial activity and geological storage capac-
ity in the hub’s areas allied to the H2 hub companies will provide a potential market 
for producers and consumers of hydrogen and related CCS providers. Figure 8.6, 
from the American carbon and hydrogen atlas (Abramson et  al., 2022), shows a 
synthetic view of the all roles that can be attributed to the H2 hubs, not only in 
United States but also in whole world.

Many aspects of the energy transition are still evolving in the face of challenges 
and opportunities and some questions often rise such as the position of hydrogen 
solutions. It could be approaching the peak of inflated expectations (Fig. 8.7) or are 
still floating over the innovation process? This evaluation is present in many studies 
such as (Dehghanimadvar et al., 2020) and is important to define the level of trust in 
the feasibility of this vector in the energy transition agenda.

New global agreements were signed (MECA, 2020), and this trend is growing, 
as are declarations of interest in intergovernmental cooperation, which have been 
signed with a focus on practical and objective aspects. The hydrogen hubs initiatives 
are present in the whole world and are growing towards the industrial and energy 
supply. Looking at the European H2 ecosystem, Portugal must accelerate the energy 
transition and the decarbonization of the economy investing in the production of 
hydrogen, promoting the substitution of fossil fuels.

The forecasted projects will cover much of the hydrogen value chain, including 
production, fuel cells, storage, transport and distribution, as well as end-user appli-
cations of the mobility sector. Regarding other initiatives, it can be noted the hub 
“HyDealEspaña” that is the biggest of its kind and focused on green hydrogen. This 
hub will start in 2025 the H2 gas supply to the Asturian industrial area to be used as 
energy source and industrial feedstock. The Netherlands hub called “Heavenn” (H2 
energy applications in valley environments for Northern Netherlands) is a hub 
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Fig. 8.7 Adapted diagram 
of a technology and 
Gartner hype cycle. 
(Source: Dehghanimadvar 
et al., 2020)

Fig. 8.6 The roles of hydrogen hubs. (Source: Abramson et al., 2022)

project that aims the production of green hydrogen through wind energy, decarbon-
izing the port of Rotterdam and the urban transport, maritime transport and in the 
countries’ infrastructure.

8.2.4  Economical Aspects

Low-carbon hydrogen, amongst its possible varieties, has emerged with the inherent 
potential to become the driving force towards a more sustainable economy (Fan 
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et al., 2021). For the past decades, it has been considered an essential element by 
European Union official policies to meet zero emissions target for 2050 and, also, 
reveals a multiplicity of uses, allowing the implementation of a true circular econ-
omy mechanism (Bonciu, 2020) with renewable inputs, reuse of resources and safer 
outputs.

The current global energy context faces a forced dilemma where the foreseen 
population growth embracing new cultural standards (technology-based disruption, 
continually growth-oriented production and digitalized society) is severely increas-
ing energy demand (Saeedmanesh et al., 2018; Sharma et al., 2020) and at the same 
time the socio-environmental impacts of a linear economy based on hydrocarbons 
largely compromise the future of the economy itself and the humanity well-being 
(Lee, 2016). For this reason, the clean energy transition has been reclaimed by most 
parts of society and widely accepted by policy makers.

In 2016, during the UN Signature Ceremony for the Paris Agreement on Climate 
Change (COP21), the EU Commissioner for Climate Action and Energy Miguel 
Arias Cañete, reinforced the mutual commitment between nations as “irreversible 
and non-negotiable” (European Commission, 2020). Therefore, to achieve this cli-
mate challenge, policy makers, scientists, grassroots initiatives and business sectors 
are creating different pathways to innovate, not just from a technological point of 
view but also a whole social-economic model, in which energy and feedstock are 
core functional elements. The European Green Deal, focused on a carbon net-zero 
economy, has more than 1 trillion Euros budget and highlighted the efficient use of 
resources by moving to a clean, circular economy (European Commission, 2019). 
On the other side of the globe is also appearing an inter-state network development 
towards hydrogen economy, i.e. the Asia-Pacific Hydrogen Valley (Aditiya & 
Aziz, 2021).

According to the EU – Energy Poverty Observatory Hub, over 34 million people 
are in an energy poverty situation in the communitarian’s countries. In (Bouzarovski 
et al., 2021) is presented the understanding of the energy poverty as “a condition in 
which a household is unable to secure a socially and materially needed level of 
energy services in the home”. During the COVID-19 pandemic, for example, more 
than 50 million people and communities are suffering from energy deprivation in 
the European Union, that is, 1 in 4 households (Guiteras, 2021). Energy poverty is 
also in intersection with other forms of asymmetries deepening even more social 
inequality (Brah & Phoenix, 2004).

Therefore, combining the urge for economic decarbonization (Espegren et al., 
2021), democratization of energy access (Burke & Stephens, 2017) and social tran-
sition requires systemic change in the way we produce, consume and relate with 
people and the environment, creating a circular hydrogen-centred and sustainable 
economy.

8.2.4.1  The Hydrogen Nexus
Clean hydrogen (i.e. green, blue or biohydrogen) can take a central role to a long- 
term sustainable development shifting from a carbon-based system (Aditiya & Aziz, 
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2021; Dincer & Rosen, 2011; European Commission, 2020; Saeedmanesh et al., 
2018). This capacity is not only related to its intrinsic capacity to achieve zero CO2 
emissions in the energy sector (innovating in power and heat production, storage 
and transport) but also for its possible interrelationship with a variety of other sec-
tors like fertilizers, chemical compounds, food supply chain and other shared ben-
efits like waste management (Fan et al., 2021; Sartbaeva et al., 2008).

This wider nexus involves also a strong structure on a national level that enables 
the hydrogen economy to evolve, considering a domestic energy competency, eco-
nomic security, level of advancement in technology (including R&D capacity) and 
societal influence as well (Aditiya & Aziz, 2021). According to Aditiya and Aziz 
(Ibidem), social development is closely related to the cultural aspects – its set of 
norms, values, beliefs and meanings – which is fundamental for social acceptance 
and, thus, influencing the social impact of a new energy system.

8.2.4.2  Circular Hydrogen Economy
Contrary to a linear process economics (based on extraction, production, consump-
tion and waste), the circular economy contributes beyond recycling to change the 
way we design products, produce, consume and circulate materials (Bonciu, 2020) 
to a more regenerative process, based on renewable energy and material, eliminat-
ing waste and pollution (Ellen Macarthur Foundation, 2022).

According to (Bibas et al., 2017), in 1950, a total between 60 and 70 Giga tonnes 
of waste were generated in the world and probably rising to 100 Giga tonnes in 
2030. Around 94% of the waste is discarded precariously only in India, and waste 
generation is growing at an alarming rate of 1.3% per year (Sharma et al., 2020). 
Hydrogen losses in industrial waste gas streams, estimated as 10 billion Nm3 per 
year only in Europe, constitute a potential source for hydrogen recovery (Yáñez 
et al., 2019). There are many other examples of renewable feedstock to be intro-
duced in the hydrogen economy through circular processes like the waste-to- 
energy nexus.

In December 2012, through the document “Manifesto for a Resource Efficient 
Europe” the EU stated that “the EU has no choice but to go for the transition to a 
resource-efficient and ultimately regenerative circular economy” (European 
Commission, 2012). Therefore, hydrogen can definitely be well positioned in this 
direction, using regular waste and lower impact waste as resource that could be 
reintroduced in the system.

Biohydrogen, for example, generated from poultry, swine, cattle, brewery, dairy 
and other industrial, agricultural or urban wastewaters can represent an important 
contribution to the circular “hydrogen” economy (Ferreira et al., 2018). There are 
many examples of these biohydrogen production around the globe, like in Italy 
(Pecorini et al., 2017), India (Venkata Mohan et al., 2018), China, Korea and others. 
According to Lee (2016), there are also multiple examples of cost-efficient bio-
economy models in which biohydrogen is included and is part of a wider and sys-
temic economic process where renewable resources are interlinked with a circular 
economy fashion.
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8.2.4.3  Sustainability
Beyond the economic bias regarding, for example, the distrust in the long-term 
viability of the current fossil-based industry and a general better cost efficiency 
ratio, the motivation towards a hydrogen-based economy is intrinsically linked to 
sustainability, for instance, the awareness of the ecological pressure on resources, 
necessity to social equity and welfare in energy access and the development of a 
low-impact economics.

Although, as explained before, to become a truly sustainable and clean fuel, 
hydrogen should encompass its blue, green or bio versions, nowadays, 95% of the 
hydrogen produced and consumed in the world market comes from hydrocarbon 
sources (i.e. grey and brown hydrogen), which reach about 870 million ton/year of 
CO2 emissions. In addition, the process takes place at high temperatures, making it 
more expensive. This type of production consumes 6% of fossil fuels and 2% of 
coal produced in the world (Song, 2009).

Combining renewable energy, waste reuse and CCUS can be essential to a suc-
cessful carbon mitigation and energy transition. In fact, there are not only techno-
logical and cost-effective challenges to guarantee this “sustainable hydrogen” but 
also political, institutional and social acceptance. On this matter, many countries are 
already evolving with national and regional political strategy as demonstrated previ-
ously in this paper.

Hydrogen energy systems can also support a more decentralized production to 
contribute to local economies, allowing flexibility and facilitating local sustainable 
development interchanging with regional scale strategies. “Hydrogen energy sys-
tems often require relatively small-scale equipment, reducing the time from initial 
design to operation and providing greater adaptability in responding to changes in 
energy demand” (Dincer & Rosen, 2011).

8.3  Conclusions

The great challenges of humanity have passed through questions of production and 
supply of food and energy. This last challenge was thought of and prioritized, in 
financial and geopolitical terms, as the biggest problem today and demands sys-
temic and clear actions with short-term impacts.

Hydrogen, whether green or any other colour of the spectrum presented in this 
work, appears as another important vector in the world energy matrix, which tire-
lessly seeks its diversity and reliability.

Despite bringing great technological and logistical challenges, its use can bring 
more economic stability in production chains and in global logistics as the main 
source of fuel and energy.

As it is a source of energy that can be generated in a large part of the planet, its 
capillarity tends to break the large monopolies in the supply of energy sources, 
mainly in the form of gas, but not only. This resource could promote the develop-
ment of large regional and global business hubs, as well as developing countries 
without fossil energy sources, but with abundant water resources, whether 
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maritime, river or underground. Additionally, all essentially agricultural countries 
with the potential to turn to the production of alcohol subject to hydrogen capture 
will benefit from this new market. The latter comprise a large group of countries 
from poor or emerging economies, which will have an impact on the generation of 
local wealth and, consequently, on an increase in quality of life indices.

The present world economic moment shows that important public, private and 
coordinated financial support is being increasingly applied even in countries with 
free market economic bias. The use of hydrogen as a strategic vector in the decar-
bonization of the economy has also been strengthened by public initiatives to make 
the applicable laws more flexible and with tax incentives. These processes facilitate 
the more intense action of private agents and encourage the natural adhesion of the 
market to the hydrogen economy, which is important for the development of neces-
sary technologies in present and future value chains. This path was successful in the 
case of incentives for the use of wind and solar energy and tends to work in the case 
of hydrogen.

Finally, this work showed that paradigm shifts and the introduction of new solu-
tions on a global scale require a period of technological maturation and financial 
viability. The hydrogen ecosystem has been moving in this direction at an acceler-
ated rate and is should reach a global scale faster than expected.
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9A Comparative Model for Female 
and Male Generation Y Individuals 
Regarding Their Interest and Intention 
to Use eBooks

Johannes-Hugo van Schalkwyk

9.1  Introduction

There has been an increase in the uptake of eBooks in the academic, consumer, and 
scientific sectors. There are many reasons for this, as eBooks offer immediacy of 
access, updating capability, and the ability to store multiple eBooks on one device, 
which increases portability (Harman, 2018; Romero-Otero et al., 2013). Moreover, 
consumers can save money when buying eBooks compared to printed books 
(Wilber, 2022; Martinez-Estrada & Conaway, 2012). These benefits also aid educa-
tion by offering the above benefits and others, such as enriched media (Harman, 
2018; Picciano, 2012). Furthermore, interactive elements are easier to engage with 
and provide an element of entertainment (Berry et al., 2010, pp. 32–33). However, 
despite eBook use increasing globally (Carr, 2013), many still prefer printed books 
to eBooks (Ang, 2021). Therefore, this study aims to ascertain attitudes towards 
eBooks to assess whether millennials have intention to use eBooks and to assess 
which factors contribute to this. Thus, to investigate eBooks and the adoption of 
eBook technology, the technology acceptance model (TAM) was used to analyse 
intentions. The following factors were deemed essential to examine eBooks, namely, 
perceived ease of use (PEoU) and perceived usefulness (PU) (Jin, 2014, p. 472). 
Moreover, other factors investigated were subjective norms, consumer innovative-
ness, interest and intention to use eBooks, and self-reported use. Several studies 
have been conducted regarding eBook adoption and these influencing factors (Jin, 
2014; Martin & Quan-Haase, 2011; Nwagwu & Okafor, 2014; Van der Velde & 
Ernst, 2009).

Numerous benefits can be had when using eBooks for both casual use and edu-
cational use. Therefore, this study aims to investigate interest and intention to use 
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eBooks to assess how Generation Y individuals can be persuaded to make use of 
eBooks. Generation Y are considered those born between 1986 and 2005 
(Markert, 2004).

Therefore, this study aims to assess possible structural models to appeal to 
female and male members of the population separately when promoting eBooks. 
The study investigates how to achieve a level of interest and intention to use eBooks 
that would sufficiently convince both females and males to make better use thereof. 
It is hypothesised that self-reported use, subjective norms, customer innovativeness, 
perceived usefulness, and perceived ease of use regarding eBooks affect the interest 
and intention to use eBooks among individuals. Moreover, it is hypothesised that a 
different model applies to female individuals than to male individuals. Thus, the 
following hypotheses apply:

H01 – Self-reported use does not affect interest and intention to use eBooks
H02 – Subjective norms does not affect interest and intention to use eBooks
H03 – Customer innovativeness does not affect interest and intention to use eBooks
H04 – Perceived usefulness does not affect interest and intention to use eBooks
H05 – Perceived ease of use does not affect interest and intention to use eBooks
H06 – There is no difference in the variables that affect female compared to male 

individuals’ interest and intention to use eBooks

9.2  Literature Review

The literature section will broadly investigate what an eBook is and the current 
landscape of eBooks to clarify terminology and importance. Next, the variables 
studied are perceived usefulness, perceived ease of use, subjective norms, self- 
reported use, consumer innovativeness, and interest and intention to use eBooks.

9.2.1  Defining the eBook

An eBook is the evolution of print to a contemporary digital format. Therefore, 
eBooks can be accessed through a computer, phone, tablet, or e-reader. Print books 
are presented as books in electronic form, but enhanced due to their digital nature 
(Carden, 2008, p. 9). Thus, an eBook is an electronic book which is a digital file that 
contains text and possibly images and displays them on a screen (Attwell, 2022). 
However, many different documents are electronic and can be viewed on a screen, 
thus, to be classified as an eBook, it must have certain characteristics. The required 
characteristics are that it should not be editable and should resize itself to fit the 
screen on which it is read (Wahl, 2018).
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9.2.2  The Current eBook Landscape

Despite eBooks being an advancement on age-old technology that is printed books, 
its uptake has been much slower than other digital technologies. However, some 
countries have progressed quicker in their uptake than others (Kristensen & Lüders, 
2021). The availability of both internet connections, devices, and eBooks has 
increased the consumption of eBooks. However, eBook publishing has been skewed 
towards only a few countries (Ang, 2021; Wischenbart et al., 2014). In Portugal, 
7.5% of people use eBooks, a percentage set to grow slowly each year. Therefore, it 
is predicted that there will be 0.8 million eBook users in Portugal by 2027 (Statista, 
2022a). This is compared to Portugal’s predicted population of 10.16 million by 
2027 (Statista, 2022b). This shows that eBooks are far from mainstream adoption.

9.2.3  Perceived Usefulness

Perceived usefulness (PU) can be seen as the extent to which an individual believes 
a particular technology would enhance their actions or be helpful to them Davis 
(1989). Thus, it is the degree to which a person believes technology or a specific 
technology, can be useful in their personal or work life. The theory of perceived 
usefulness argues that an individual will use a specific technology if it leads to sat-
isfactory results (Khayati & Zouaou, 2013).

9.2.4  Perceived Ease of Use

Perceived ease of use (PEoU) can efficiently determine whether a person will use a 
specific technology and whether that technology is compatible with the person’s life 
and ability (Gerlach & Buxmann, 2013). PEoU is thus a subjective assertion of 
complexity, and more user-friendly technologies will be more likely to be used by a 
majority as opposed to those that are perceived as too complex (Martin & Quan- 
Haase, 2013).

9.2.5  Subjective Norms

Subjective norms (SN) gauges an individual’s susceptibility to influences from their 
social environment and how this affects their behaviour (Moan & Rise, 2006). This 
social network might include friends, family, spouses, co-workers, and neighbours 
(Fowler & Christakis, 2008).

9 A Comparative Model for Female and Male Generation Y Individuals…



158

9.2.6  Self-Reported Use

Self-reported use (SRU) simply measured whether respondents made use of eBooks. 
The variable asked questions such as “I have used eBooks before”; “I use eBooks 
for personal reading”; “I have a strong tendency to use eBooks”.

9.2.7  Consumer Innovativeness

Consumer innovativeness (CI) explores whether the individual prefers new technol-
ogy. These individuals will adopt new technologies earlier. Moreover, they will have 
a greater appreciation for the functional, hedonic, and psychological advantages of 
eBooks and eBook readers (Antón et al., 2013).

9.2.8  Interest and Intention to Use

Interest and intention to use (IITU) as a variable measure whether a person wants to 
use a product or service. In terms of eBooks, this can be influenced by age, educa-
tion, income, need for print, ownership of other digital media, and how innovative 
they are (Nwagwu & Okafor, 2013). Interest and intention were used as dependent 
variable as it gauges possible future behaviour, which fits into the decision-making 
process of the individual (Jung et al., 2012).

9.3  Methodology

The study was conducted on Generation Y individuals to assess their intention to 
use eBooks. A non-probability convenience sampling technique was used, using a 
self-administered questionnaire. The researcher was nearby to provide aid should 
there be any confusion regarding the questions. The data was collected as a cross- 
sectional study.

The questionnaire used was given to individuals to complete. A total of 370 ques-
tionnaires were usable after data cleaning. The research instrument focused on 
demographics such as country of origin, gender, age, and access to electronic equip-
ment. The next section investigated six variables: interest and intention to use as the 
dependent variable, self-reported use, perceived usefulness, perceived ease of use, 
subjective norms, and consumer innovativeness. The following section discusses 
the results of the study.
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9.4  Results

The results are divided into five sections, each containing a description, table and/or 
figure, and an explanation of the results. The first section highlights the demograph-
ics of the respondents. Next is a brief overview of factor fit through factor analysis, 
followed by a multicollinearity test. Proceeding the aforementioned are descriptive 
statistics for the various variables. The correlation analysis follows to test for nomo-
logical validity, and lastly, a structural model was constructed and analysed, fol-
lowed by a proposed model for females and males.

9.4.1  Demographics

The demographics in the study enquired about age, country of origin, gender, and 
access to technology such PC, Laptop, eReader, Smartphone, Tablet, and 2-in-1 
Hybrid. The following are the results from the analysis (Table 9.1).

The study shows that most of the respondents are from South Africa and are 
female, though the female/male difference is not significant. Age distribution shows 
that most individuals are between ages 20 and 23, which consists of 223 of the 
respondents. However, apart from 18 and those above 24, there is a reasonable 
spread among the ages. Lastly, most respondents show that they have access to lap-
tops and smartphones. Less than half have access to PCs and tablets, and only a few 
have access to e-readers and 2-in-1 devices. Thus, this study, although having ele-
ments that could be extrapolated to larger populations, would be most accurate in 
individuals from South Africa, aged 20–23 years, both female and male, who have 
access to laptops and smartphones.

Table 9.1 Demographic data

Demographic Item Frequency
Per 
cent Demographic Item Frequency

Per 
cent

Country South 
Africa

347 93.8 Age 18 2 1.4

Other 23 6.2 19 29 7.8
Gender Female 202 54.6 20 65 17.6

Male 166 44.9 21 76 20.5
Other 2 0.6 22 82 22.2

Access PC 129 34.9 23 59 15.9
Laptop 253 68.4 24 34 9.2
eReader 15 4.1 >24 15 4.1
Smartphone 270 73 Missing 5 1.4
Tablet 135 36.5
2 in 1 
Hybrid

11 3
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Where a total is less than 370, there are missing entries; however, these entries 
do not change the significance of the data. The next section examines the factor 
loadings from the exploratory factor analysis.

9.4.2  Exploratory Factor Analysis

The exploratory factor analysis was conducted on interest and intention to use as the 
dependent variable, self-reported use, perceived usefulness, perceived ease of use, 
subjective norms, and consumer innovativeness. Next, coefficients below 0.4 were 
suppressed to ensure that the quality of item fit was high enough. The methodology 
used was Promax rotation, whereby six factors were selected, not according to 
eigenvalue, as literature had already given credence to five variables. The final vari-
able, self-reported use was accepted due to sufficient values. First, Table 9.2 shows 
the KMO and Bartlett’s test values.

Table 9.2 shows acceptable KMO (KMO = 0.916) and significance lower than 
0.5 (p = 0.000 < 0.05). Due to the acceptable KMO and Bartlett’s levels, the study 
continued with the exploratory factor analysis. The factor analysis also shows that 
all items fit into the expected variables. Moreover, factor loadings and communali-
ties show high values, which means that the items fit well into their variables. Lastly, 
the variance explained by six factors is 69.37%. Next, the study tested for multicol-
linearity in the data.

9.4.3  Multicollinearity

Multicollinearity assesses whether data is too similar or too different to other vari-
ables in the dataset (Hwang & Takane, 2015). To test for multicollinearity, a test was 
conducted for the Condition Index, VIF, and tolerance of the data.

Table 9.3 shows acceptable levels of VIF and tolerance. The condition index 
above 10 could be considered high; however, as those variables tested for similar 
aspects, a higher condition index was expected and acceptable (Gaskin, 2011; Hair 
et al., 2014; Su, 2016).

Thus, all variables show acceptable CI, VIF, and tolerance levels. The next sec-
tion briefly investigates the descriptive statistics of the study and focuses more on 
the variables and items used.

Table 9.2 KMO, chi-square, 
degrees of freedom, and 
significance

KMO 0.916
Chi- square 5231.948
Df 325
Sig. 0.000
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Table 9.3 Condition index, VIF, and tolerance

Test for multicollinearity Condition index VIF Tolerance
Self-reported use 6.406 1.423 0.703
Perceived usefulness 8.851 1.753 0.571
Perceived ease of use 9.547 2.039 0.491
Subjective norms 12.521 1.368 0.731
Consumer innovativeness 16.056 1.406 0.711

Table 9.4 Mean, standard deviation, and skewness

Variable N Mean Standard deviation Skewness
IITU 370 4.089 1.156 −0.560
SRU 370 2.766 1.358 0.442
PU 370 3.232 1.267 0.134
PEOU 370 4.071 0.996 −0.604
SN 370 3.235 1.128 −0.043
CI 370 4.005 1.116 −0.500

9.4.4  Descriptive Statistics

Descriptive statistics were used to analyse the data’s mean, standard deviation, and 
skewness. This was used to assess and achieve a better understanding of the intrica-
cies of respondent attitudes.

Table 9.4 shows a respondent population size of 370 for each variable. The mean 
ranges varied from 2.766 to 4.089 on a Likert scale with Likert items from 1 strongly 
disagree to 6 strongly agree. Analysing each variable indicates high interest and 
intention to use eBooks (m  =  4.089); however, low actual usage is seen in self- 
reported use (m = 2.766). Next, respondents feel somewhat favourable towards the 
usefulness of eBooks (m = 3.232) and feel that others at least partly influence them 
in subjective norms (m = 3.235). Lastly, respondents indicate that eBooks would be 
easy to use (m = 4.071) and feel they are innovative consumers (m = 4.005). There 
are signs of deviations, each of which show a standard deviation of at least 1.116, 
except for PEoU, which shows 0.996. Skewness shows acceptable values in that 
each value is between 1 and −1. Here, the most interesting part is in self-reported 
use, which has a positive skew. This means that many respondents have even lower 
self-reported use of eBooks than indicated. Despite this fact, the relatively high 
mean of respondents showing interest and intention to use shows promise for 
this medium.

A few items that stand out amidst the items in the variables are “I want to experi-
ence eBooks (m = 4.34)”; “It will be easy to learn how to use eBooks (m = 4.36)”; 
“I enjoy trying out new communication technologies that come onto the market 
(m = 4.43)”. Next, the study tested for reliability using Cronbach’s alpha.
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9.4.5  Cronbach’s Alpha

Cronbach’s alpha was used to test the variables and items’ internal reliability. A 
value of at least 0.7 was sought for each variable (Table 9.5).

The Cronbach’s alpha values for each of the variables (testing for the items 
within) show sufficient values (a > 0.7). The lowest Cronbach’s alpha value is 0.772. 
This indicates favourable internal consistency, which means that the study’s items 
and constructs are valid and that the study is reliable. The next section briefly 
touches on the correlation analysis conducted.

9.4.6  Correlation Analysis

A Pearson’s correlation analysis was conducted to ensure that the variables corre-
lated and test nomological validity (Table 9.6).

The Pearson’s correlation analysis shows that each variable is correlated and is 
significant at the 0.01 level, 2-tailed. Thus, each variable influences one another in 
the expected, positive direction. This indicates that there is nomological validity. 
Thus, the study’s variables are reliable and valid as per Cronbach’s alpha and 
Pearson’s correlation analysis. The next section shows the conceptual structural 
model and individual models for male and female respondents.

Table 9.6 Example of a table legend

IITUvar SRUvar PUvar PEOUvar SNvar CIvar
IITU 1
SRU 0.443** 1
PU 0.562** 0.499** 1
PEOU 0.559** 0.435** 0.592** 1
SN 0.398** 0.343** 0.375** 0.474** 1
CI 0.342** 0.198** 0.355** 0.516** 0.354** 1

Correlation is significant at the 0.01 level (2-tailed)

Table 9.5 Cronbach’s alpha, reliability analysis

Variable Items in variable Cronbach’s alpha value
IITU 2–6 0.870
SRU 7–10 0.833
PU 11–18 0.917
PEOU 19–23 0.789
SN 24–27 0.772
CI 28–31 0.786
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9.4.7  Structural Model – Overall

The conceptual structural model for the study can be seen in Fig. 9.1 below. This is 
the overall model that applies to all respondents. Following Fig. 9.1 are model fit 
and regression weights. After that are comparison models for male and female 
respondents.

The next section discusses the proposed model for the study and investigates two 
separate models based on gender.

The conceptual model shows self-reported use, subjective norms, and consumer 
innovativeness as independent variables. The independent variables are mediated by 
perceived usefulness and perceived ease of use to the dependent variable interest 
and intention to us (Table 9.7).

Model fit, estimates, and significance are all adequate. Thus, one can ascertain 
that the model proposed is viable. The model outcomes will be briefly examined and 

Fig. 9.1 Conceptual model

Table 9.7 Model fit and regression weights

Model fit
IFI TLI CFI RMSEA SRMR
0.917 0.905 0.916 0.065 0.0586
Regression weights
Variable Variable Estimate C.R Sig.
PEOU < CI 0.387 7.219 < 0.005
PEOU < SRU 0.235 5.346 < 0.005
PEOU < SN 0.272 3.865 < 0.005
PU < SRU 0.300 4.774 < 0.005
PU < PEOU 0.740 8.309 < 0.005
IITU < PU 0.240 3.677 < 0.005
IITU < PEOU 0.599 6.041 < 0.005
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discussed in more detail in the discussion section. The model shows that self- 
reported use does not directly lead to interest and intention to use but is mediated 
by perceived usefulness. Self-reported use is also mediated through perceived ease 
of use, which indicates that creating easy to use applications and e-readers should 
be prioritised. Next, subjective norms is mediated through perceived ease of use, not 
perceived usefulness. Consumer innovativeness is similarly only influenced by per-
ceived ease of use and not perceived usefulness. Moreover, there appears to be a 
connection between perceived ease of use and perceived usefulness. This indicates 
that higher levels of perceived ease of use would lead to eBooks appearing more 
useful. Lastly, perceived usefulness and perceived ease of use are directly correlated 
to interest and intention to use.

9.4.8  Structural Model – Females

The model was compared between female and male respondents, which yielded the 
following results. The following is the model for female respondents (Fig. 9.2).

The structural model for females is similar to the main conceptual model, with 
the only difference being the difference in correlation values. Table 9.8 shows the 
values for each of the paths.

Table 9.8 shows that there is a significant correlation between each of the selected 
paths. This means that with an increase in any of the independent variables, a cor-
relative increase will be seen in the dependent variable and the mediators. The fol-
lowing section investigates the structural mode for males.

Therefore, the hypotheses are as follows:

H01 – The alternate is accepted as self-reported use affects interest intention to use, 
though mediated through perceived usefulness and perceived ease of use.

Fig. 9.2 Structural model – females
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Table 9.8 Regression weights for female structural model

Regression weights
Variable Variable Estimate C.R Sig.
PEOU < CI 0.261 4.281 < 0.005
PEOU < SRU 0.165 3.096 0.002
PEOU < SN 0.418 4.166 < 0.005
PU < SRU 0.385 4.653 < 0.005
PU < PEOU 0.668 5.523 < 0.005
IITU < PU 0.281 3.690 < 0.005
IITU < PEOU 0.599 4.960 < 0.005

Fig. 9.3 Structural model – males

H02 – The alternate is accepted as subjective norms affects interest and intention to 
use, though mediated through perceived ease of use.

H03  – The alternate is accepted as customer innovativeness affects interest and 
intention to use, though mediated through perceived ease of use.

H04  – The alternate is accepted as perceived usefulness does affect interest and 
intention to use.

H05 – The alternate is accepted as perceived ease of use does affect interest and 
intention to use.

9.4.9  Structural Model – Males

The following model shows the path for males for each applicable variable (Fig. 9.3).
The path for males compared to females and the overall conceptual model differ. 

For example, subjective norms do not appear to be significant for male respondents 
and paths also differ. The following table shows the path results as well as the sig-
nificance level for each of the paths.
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Table 9.9 Regression weights for male structural model

Regression weights
Variable Variable Estimate C.R Sig.
PEOU < CI 0.582 5.810 < 0.005
PEOU < SRU 0.336 4.510 < 0.005
PU < SRU 0.187 2.094 0.036
IITU < PEOU 0.797 6.269 < 0.005
PU < PEOU 0.837 6.359 < 0.005

Table 9.9 shows that there are significant correlations between each of the paths. 
A robust correlation can be seen between consumer innovativeness and perceived 
ease of use (0.58); perceived ease of use and interest and intention to use (0.80); and 
perceived ease of use and perceived usefulness (0.84). A discussion follows in 
which the results will be explained and expanded.

Therefore, the hypotheses are as follows:

H01 – The null is accepted as self-reported use does not affect interest and intention 
to use eBooks.

H02 – The null is accepted as subjective norms does not affect interest and intention 
to use eBooks.

H03  – The alternate is accepted as customer innovativeness affects interest and 
intention to use, though mediated through perceived ease of use.

H04 – The null is accepted as perceived usefulness does not affect interest and inten-
tion to use eBooks.

H05 – The alternate is accepted as perceived ease of use does affect interest and 
intention to use.

H06 – The alternate is accepted as there is a difference in the structural model com-
paring female and male individuals’ interest and intention to use eBooks.

9.5  Discussion

From the statistics shown, there appear to be optimism towards eBooks; however, 
organisations such as publishers, retailers, and academic institutions still have 
much work to do to encourage eBook usage. Self-reported use, which assesses 
actual usage, shows that very few respondents have used eBooks, and the positive 
skew shows that the data leans towards fewer having used them (m = 2.766; skew-
ness = 0.442). This might be explained by the fact that respondents indicated that 
they partially perceive usefulness in using eBooks (m = 3.232). Moreover, the data 
suggests respondents do not have many people around them who make use eBooks 
or who feel positive about eBooks (subjective norms m = 3.235). The positive side 
here is that respondents indicated that they perceive themselves as innovative con-
sumers (4.005) and innovative consumers tend to adopt newer technologies faster 
(Stock et  al., 2015). Thus, those in the respondent cohort will adopt eBook 
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technology sooner when it is shown as a useful and compelling tool. Moreover, 
respondents indicated they are very interested in eBooks and intended to use them 
in the future (m = 4.089). Therefore, when generalising the population subset, it 
can be extrapolated that many Generation Y individuals have not made use of 
eBooks but perceive them as useful and want to use them in the future. The main 
objective would be to illustrate the usefulness of eBooks to convince individuals 
to adopt them.

The conceptual model, which was validated, shows that self-reported use 
influence both perceived usefulness and perceived ease of use. Therefore, pro-
viding eBooks to university students or showcasing e-readers in stores might be 
helpful in showing how useful they can be and how easy they are to use. Next, 
subjective norms only influence perceived ease of use, which indicates that 
when those around a person feel eBooks are an excellent tool to use, the person 
will perceive it as easy to use. Therefore, when more people use eBooks, it 
could create a trend of others using it to a greater extent as well. This only adds 
to the fact that there should be the encouragement of use to bring this technol-
ogy to the forefront. Next, consumer innovativeness only correlates with per-
ceived ease of use. Therefore, the more innovative an individual, the easier the 
technology would seem, which aligns with literature (Fagan et  al., 2012). 
Perceived ease of use influences whether the respondents perceive that technol-
ogy is useful. Therefore, easy to use technologies would be deemed more useful 
than those that are complex or difficult to learn. This would suggest that eBooks 
should be simplified for most users to ensure that it is easy to use. There could 
be options for power users; however, due to the correlation between perceived 
ease of use and perceived usefulness, it appears essential that a technology is 
easy to use for it to be adopted. Lastly, perceived usefulness and perceived ease 
of use correlate to interest and intention to use. Therefore, there should be a 
focus on both of those aspects. Perceived ease of use has the strongest correla-
tion to interest and intention to use, indicating that one of the most important 
aspects of getting individuals to read eBooks is to make them simple to use. The 
structure for female students follows the conceptual model closely with minor 
differences in correlations. The structural model for male Generation Y indi-
viduals has several detractions from the main model. Male individuals do not 
perceive themselves as being influenced by those around them, meaning they do 
not deem the influence of friends, family, and peers as influential regarding 
eBooks. Next, although eBooks’ perceived ease of use influences whether they 
are deemed useful, the perceived usefulness does not affect interest and inten-
tion to use. The correlation between perceived ease of use and interest and 
intention to use is robust. Therefore, when male Generation Y individuals are 
convinced that eBooks are easy to use, their interest will increase. Thus, the 
argument for practically showcasing the ease of use of eBooks in retailers and 
academic institutions might play an important role in increasing eBook use.
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9.6  Managerial and Organisational Implications

The usefulness of eBooks can be seen in multiple instances, such as the ease of find-
ing eBooks, ease of storing eBooks, ease of reading eBooks, and the ease of adding 
extra information to eBooks such as highlights or comments. This can be used both 
by casual readers as well as those who are in academia, be it teachers or students. It 
is thus important for those in the casual and academic industries to realise that 
Generation Y individuals, who have the means to buy eBooks, are innovative and 
want to use new technologies. It can thus be seen as a shortcoming of current mar-
keting strategies to not showcase how easy it is to use eBooks. Therefore, organisa-
tions should take heed that there is a large market of consumers interested in using 
eBooks; however, they must be convinced. This can perhaps be done by practically 
showing e-readers in the store where employees can help people find the best 
e-reader for them and show them how to use them. Moreover, bookstores can accept 
that the world is orienting towards digital and partner with larger publishers to sell 
eBooks in-store by simply letting a person walk in, buy it, and upload it to their 
e-reader. Bookstores can also help people to find e-readers and eBooks and help 
them use them. Lastly, academic institutions should encourage students to use 
eBooks to save time and money. This will allow teachers, lecturers, and professors 
to add information to eBooks, such as hyperlinks, comments, and other contextual 
information. Students showed better performance in academia when they were 
given e-readers, locked to the software used for their classes (Ebied & Rahman, 
2015). Therefore, organisations should use this data to drive the industry towards its 
natural evolution, which is eBooks.

9.7  Conclusions

Internet penetration has increased tremendously globally, even in developing 
nations, which have a history of shortcomings in education. There is still a lot to be 
done in this regard, but eBooks show the potential to alleviate many problems. 
However, a concerted effort must be made to let individuals experience eBooks and 
e-readers for them to make the decision to make use of them.

This study observes the following limitations. The study was conducted in South 
Africa and can be extended to other countries to compare models and findings. 
Moreover, the age group was Generation Y individuals between the ages of 18 and 
24. This can be extended to assess other age groups. Despite these limitations, the 
study shows that there is a clear difference in how female and male individuals per-
ceive eBooks. This is important to note as both of these groups stated that eBooks 
are indeed important, however, convincing them to use this medium varies greatly. 
It has been shown that the importance of eBooks cannot be understated, which, in 
world that is advancing towards digital at accelerated speeds, must be accepted. 
Acceptance thereof can lead to many benefits in various areas such as providing 
better education, providing education to remote areas, providing up to date informa-
tion, among a myriad of other advantages presented by eBooks and its digital nature. 

J.-H. van Schalkwyk



169

However, organisations must take heed of how to appeal to various audiences to 
convince them to bring about the eBooks revolution that has been postponed for too 
long, possibly to the detriment of environmental and educational sectors.

References

Ang, C. (2021). Visual capitalist. Print has prevailed: The staying power of physical books. https://
www.visualcapitalist.com/print- books- versus- e- books

Antón, C., Camarero, C., & Rodríguez, J. (2013). Usefulness, enjoyment, and self-image congru-
ence: The adoption of e-book readers. Psychology & Marketing, 30(4), 372–384.

Attwell, A. (2022). Britannica. e-book. https://www.britannica.com/technology/e- book
Berry, T., Cook, L., Hill, N., & Stevens, K. (2010). An exploratory analysis of textbook usage and 

study habits: Misperceptions and barriers to success. College Teaching, 59(1), 31–39.
Carden, M.  T. (2008). E-books are not books. In Proceedings of the 2008 ACM workshop on 

research advances in large digital book repositories (pp. 9–12). Ingram Digital.
Carr, N. (2013). Roughtype. The flattening of e-book sales. http://www.roughtype.com/?p=3590
Davis, F. D. (1989). Perceived usefulness, perceived ease of use, and user acceptance of informa-

tion technology. MIS Quarterly, 13(3), 319–340.
Ebied, M. M. A., & Rahman, S. A. A. (2015). The effect of interactive e-book on students’ achieve-

ment at Najran University in computer in education course. Journal of Education and Practice, 
6(19), 71–82.

Fagan, M., Kilmon, C., & Pandey, V. (2012). Exploring the adoption of a virtual reality simulation: 
The role of perceived ease of use, perceived usefulness and personal innovativeness. Campus- 
Wide Information Systems, 29(2), 117–127.

Fowler, J. H., & Christakis, N. A. (2008). Dynamic spread of happiness in a large social network: 
Longitudinal analysis over 20 years in the Framingham Heart Study. British Medical Journal, 
1(337), 1–9.

Gaskin, J. (2011). YouTube. Detecting multicollinearity in SPSS. https://www.youtube.com/
watch?v=oPXjQCtyoG0

Gerlach, J., & Buxmann, P. (2013). Analyzing electronic book acceptance: A compat-
ibility perspective. In System sciences (HICSS): Hawaii international conference, Hawaii 
(pp. 2813–2822). IEEE.

Hair, J. F., Hult, G. T. M., Ringle, C. M., & Sarstedt, M. (2014). A primer on partial least squares 
structural equation modeling (PLS – SEM) (1st ed.). Sage.

Harman, M. (2018). Kitaboo. Top 10 advantages of eBooks over printed books. https://kitaboo.
com/top- 10- advantages- of- ebooks- over- printed- books

Hwang, H., & Takane, Y. (2015). Generalized structured component analysis (1st ed.). CRC Press.
Jin, C. H. (2014). Adoption of e-book among college students: The perspective of an integrated 

TAM. Computers in Human Behavior, 41(1), 471–477.
Jung, J., Chan-Olmsted, S., Park, B., & Kim, Y. (2012). Factors affecting e-book reader awareness, 

interest, and intention to use. New Media & Society, 14(2), 204–224.
Khayati, S., & Zouaou, S. K. (2013). Perceived usefulness and use of information technology: The 

moderating influences of the dependence of a subcontractor towards his contractor. Journal of 
Knowledge Management, Economics and Information Technology, 3(6), 1–28.

Kristensen, L. B., & Lüders, M. (2021). Convenient and worth the price? Identifying early users 
and predicting future use of book streaming services. Convergence, 0(0), 1–18.

Markert, J. (2004). Demographics of age: Generational and cohort confusion. Journal of Current 
Issues and Research in Advertising, 26(2), 11–25.

Martin, K., & Quan-Haase, A. (2011). Seeking knowledge: An exploratory study of the role of 
social networks in the adoption of eBooks by historians. Proceedings of the American Society 
for Information Science and Technology, 48(1), 1–10.

9 A Comparative Model for Female and Male Generation Y Individuals…

https://www.visualcapitalist.com/print-books-versus-e-books
https://www.visualcapitalist.com/print-books-versus-e-books
https://www.britannica.com/technology/e-book
http://www.roughtype.com/?p=3590
https://www.youtube.com/watch?v=oPXjQCtyoG0
https://www.youtube.com/watch?v=oPXjQCtyoG0
https://kitaboo.com/top-10-advantages-of-ebooks-over-printed-books
https://kitaboo.com/top-10-advantages-of-ebooks-over-printed-books


170

Martin, K., & Quan-Haase, A. (2013). Are e-books replacing print books? Tradition, serendipity, 
and opportunity in the adoption and use of e-books for historical research and teaching. Journal 
of the American Society for Information Science and Technology, 64(5), 1016–1028.

Martinez-Estrada, P. D., & Conaway, R. N. (2012). EBooks: The next step in educational innova-
tion. Business Communication Quarterly, 75(2), 125–135.

Moan, I.  S. V., & Rise, J. (2006). Predicting smoking reduction among adolescents using an 
extended version of the theory of planned behaviour. Psychology and Health, 21(6), 717–738.

Nwagwu, W. E., & Okafor, J. L. (2014). Diffusion of eBooks among postgraduate students of the 
University of Ibadan, Nigeria. Library Review, 63(1/2), 86–109.

Picciano, A. G. (2012). The evolution of big data and learning analytics in American higher educa-
tion. Journal of Asynchronous Learning Networks, 16(3), 9–20.

Romero-Otero, I., Iglesias-Fernández, E., & Giménez-Toledo, E. (2013). Use, acceptance and 
expectations for the eBook in a research library. http://bid.ub.edu/en/31/romero3.htm

Statista. (2022a). Statista. eBooks Portugal. https://www.statista.com/outlook/dmo/digital- media/
epublishing/ebooks/portugal

Statista. (2022b). Statista. Total population of Portugal 2027. https://www.statista.com/
statistics/372162/total- population- of- portugal/

Stock, R. M., Oliveira, P., & von Hippel, E. (2015). Impacts of hedonic and utilitarian user motives 
on the innovativeness of user-developed solutions. Journal of Product Innovation Management, 
32(3), 389–403.

Su, X. (2016). Zapdoc. Model diagnostics. https://zapdoc.tips/stat- 4385- topic- 06- model- 
diagnostics.html

Van der Velde, W., & Ernst, O. (2009). The future of eBooks? Will print disappear? An end-user 
perspective. Library Hi Tech, 27(4), 570–583.

Wahl, J. (2018). Learng2. What is an eBook? Understanding why they work and how to make your 
own. https://learn.g2.com/what- is- an- ebook#what- is- an- ebook

Wilber, J. (2022). Owlcation. 10 reasons why eBooks are better than paper books. https://owlca-
tion.com/humanities/10- Reasons- Why- eBooks- are- Better- than- Print- Books

Wischenbart, R., Celaya, J., Carrenho, C., Kovac, M., Mallya, V., & Licher, V. (2014). Wischenbart. 
The global eBook report: A report on market trends and developments. http://www.wischen-
bart.com/upload/1234000000358_04042014_final.pdf

J.-H. van Schalkwyk

http://bid.ub.edu/en/31/romero3.htm
https://www.statista.com/outlook/dmo/digital-media/epublishing/ebooks/portugal
https://www.statista.com/outlook/dmo/digital-media/epublishing/ebooks/portugal
https://www.statista.com/statistics/372162/total-population-of-portugal/
https://www.statista.com/statistics/372162/total-population-of-portugal/
https://zapdoc.tips/stat-4385-topic-06-model-diagnostics.html
https://zapdoc.tips/stat-4385-topic-06-model-diagnostics.html
https://learn.g2.com/what-is-an-ebook#what-is-an-ebook
https://owlcation.com/humanities/10-Reasons-Why-eBooks-are-Better-than-Print-Books
https://owlcation.com/humanities/10-Reasons-Why-eBooks-are-Better-than-Print-Books
http://www.wischenbart.com/upload/1234000000358_04042014_final.pdf
http://www.wischenbart.com/upload/1234000000358_04042014_final.pdf


171

10Gamification on Cybersecurity Literacy: 
Social Sustainability and Educative 
Projects

Jorge Simões, Justino Lourenço, Sérgio Sargo, 
and José Carlos Morais

10.1  Introduction

The pandemic stress caused by COVID-19 creates a sudden need for several changes 
over the daily work routine and specifically in the lecturing playground. The classi-
cal classrooms in the university had to quickly move from ordinary presence classes 
to remote sessions with the support of videoconference software. This sudden shift 
had to occur in a short period. It happened perhaps without the correct preparation 
of all those involved, in terms of best practices related to the communications soft-
ware use and all the panoply of cybersecurity issues that came with those practices.

At the same time, and even after the minimization of the pandemic restrictions, 
it is clear that the remote communications solutions adopted will stay relevant as 
enablers of work and lecturing efficiency. This new thinking in the learning environ-
ment could be enriched with the lever of gamification. Several relevant 
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state-of-the- art articles have shown the clear relevance of the new technologies and 
processes in the increasing efficiency of the learning ecosystem (King, 2004; 
Lourenço et al., 2022; Morais et al., 2022; Pearshouse & Sharples, 2000).

If we can link the theme of cybersecurity to that of sustainability through the 
minimization of associated costs to cyberthreats (Sadik et al., 2020), assuming a 
financial perspective, both themes are brought together when cybersecurity is linked 
to the notion of insecurity or uncertainty (Lewallen, 2021) that characterize current 
societies. The promotion of sustainability in its different meanings should integrate 
the governance strategy in the educational, scientific, and cultural projects of higher 
education institutions (HEIs) is about to be mandatory, according to the Institutional 
Evaluation Manual of the Portuguese evaluation agency on higher education A3ES 
(2022). We pursue in this study an approach of commitment of the institutions 
involved in the purposes of sustainability also socially as a path of the institutions’ 
strategy, contributing to a social general access to knowledge in the area of cyberse-
curity literacy, placing the theme on the horizon of the curricular contents offered to 
the students.

Within this study, it is intended to answer the questions:

Are students aware of topics such as gamification or cybersecurity?
Are students aware of the potential of recurring to gamification to cybersecurity 

literacy purposes?

10.2  Gamification: Concepts and Technologies

A strategical introduction of a gaming scenario in a nongaming environment, mate-
rialized by solutions such as websites, online communities, learning management 
systems, or business intranets, aims to increase the participants’ motivation, pro-
moting efficiency in the process (González et  al., 2021; Lu et  al., 2021; Roosta 
et al., 2016; Trinidad García et al., 2021; Vanduhe et al., 2020).

Gamification, a concept known since 2010 (Dichev & Dicheva, 2017; Krath 
et  al., 2021), is usually defined as the use of game design elements in nongame 
contexts (Deterding et al., 2011). Gamification uses digital games’ features like nar-
rative, feedback, rewards systems, conflict, cooperation, competition, clear objec-
tives, experience points, levels, progressive disclosure of contents, among others. 
Gamification studies focused on how to use these games’ features in other contexts, 
not directly associated with games (Khaleel et al., 2016; Sailer et al., 2017).

Education has been one of the top nongame contexts of gamification research 
(Bozkurt & Durak, 2018; Sailer & Homner, 2020; Trinidad et al., 2021). It can be 
seen as the use of game features in learning environments. Those learning environ-
ments often have the support of digital platforms and tools. The purpose of gamified 
learning environments is to foster students’ motivation and engagement by chang-
ing their behaviors regarding learning activities, especially those that might not be 
appealing enough otherwise. Gamification in education should not be confused with 
game-based learning and the use of serious games. Although these approaches share 
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common elements, gamification does not use fully fledged games but just elements 
and techniques extracted from games.

Recent literature reviews (Manzano-León et  al., 2021; Trinidad et  al., 2021) 
showed that gamification has been applied in different learning settings and at dif-
ferent learning levels. Gamification proved to be a valid learning strategy at differ-
ent educational levels with a positive impact on students’ academic performance, 
engagement, and motivation. Also, a meta-analysis conducted by Sailer and Homner 
(2020) found that gamified learning can be an effective approach, but which factors 
contribute most to successful gamification are still unclear. The academic commu-
nity is trying to establish gamification as a scientific research discipline, with con-
tributions from other knowledge areas like Psychology, Education Sciences, and 
Information and Communication Technologies (Trinidad et al., 2021).

The popularity of gamification has increased over the recent years and has 
encouraged its application in a vast diversity of applications domains such as health, 
business, society, tourism, and, in particular, education purposes. On the other hand, 
this gamification push brought a panoply of theatrical, empirical, and technological 
challenges that urge to be overcome. In terms of technological challenges, urges the 
need for an adequate set of software tools and new technologic approaches to sup-
port and stimulate new gamification tools that bring flexibility, adequate support in 
the gamification design, proper activities monitoring, and extend the range of game 
elements besides the conventional score points, badges, and leaderboards. All these 
topics seek one main purpose: to get faster and more efficient development tools to 
support rich immersive lecturing environments (Trinidad et al., 2021).

Next are presented new and trendy technological approaches for the technologi-
cal gamification (expected) evolution.

A gaming solution that could dynamically adapt to the particular learning curve 
of a student – would promote a more effective Gamification application to a learn-
ing scenario. An example is the application as an auxiliary tool for an Artificial 
Intelligence (AI) course (Draskovic, 2019; Reyes et al., 2020). A tool that could, in 
an automated form, generate a personalized gamified learning system. A biblio-
graphic source suggests the relevance of the following concepts in gamification: 
fun, motivation, autonomy, progressiveness, feedback, error tolerance, experimen-
tation, creativity, and adaptation to the specific case (Llorens-Largo et al., 2016). 
The concept of adaptive gaming cycle is also applied in helping mobile health appli-
cations by encouraging user engagement (Llorens-Largo et al., 2016). A different 
approach is supported by ontological structure to represent gamified collaborative 
learning (CL) scenarios and demonstrate the utility of this approach in the genera-
tion of personalized conceptual models to gamify CL scenario based on students’ 
needs and individual characteristics (Challco et al., 2015).

There is a strong relevance in developing a rich learning environment that truly 
engages the student into an immersive learning experience. For this purpose, the 
resources of augmented reality (AR) and virtual reality (VR) can be the success key 
(Jiang & Zeng, 2019). A much richer experience with a gamified platform could be 
accomplished by gesture recognition (GR), as proposed in Ekneling et al. (2018) 
enabling the enhancement of data collection and data annotation threw 
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gamification. The article describes a hand tracking and a GR with the support of an 
AR and VR application. On the other hand, the Google’s AR game called ingress 
can be used to inform the development of learning from games (Sheng, 2013). To 
have the support of AR, VR and immersive 3D projections can enrich the students 
visit to a museum (Pantile et al., 2016).

In some scientific areas, the chance to have an almost physical sense of a form or 
even an object will enrich the learner experience: astronomic concepts are one pos-
sible example (Patricio et  al., 2019), an electrochemistry course can also be an 
application example (Chen & Liao, 2015) or teaching mobile X-ray imaging 
(Süncksen et al., 2018). The learning experience of new languages will also benefit 
from the use of AR technologies (Zhenming et al., 2017). At last, all these VR and 
AR in context of gamifications will leave a major contribution for learners with dis-
abilities (Bozgeyikli et al., 2014; Maidenbaum & Amedi, 2015).

The technology blockchain (BC) is a new trend and with rising popularity. The 
BC popularity has extended its application beyond a digital currency: from finance, 
medical, digital marketplace, pharmaceutical, and government agencies. Its rele-
vance is supported by trust, transparency, and integrity, without the need of third- 
party support entity (Parizi & Dehghantanha, 2018). A presented approach enables 
the discovering of Da Vinci threw a novel AR that incorporates BC with experiential 
learning to engage participants in an interactive discovery of Leonardo da Vinci’s 
ouvre (Suvajdzic et al., 2020).

The Internet-of-things (IoT) approach enables in an efficient way build a panoply 
of ordinary devices that will gain connectivity. Any relevant object in the learning 
process can be used as a sensor or as an actuator. Besides immersive visual experi-
ences described in the previous sections, with IoT all the objects in the classroom 
can be used to measure or directly impact the leaner experience.

10.3  Cybersecurity Concerns

A gamified system as learning tool, as described in previous sections, has great 
potential. At same time all the information flow, processing and storage should keep 
the integrity and take all the measures to promote the user’s privacy. So, a gamifica-
tion solution should take into consideration the cybersecurity risks (Yonemura et al., 
2017; Sharif & Ameen, 2020). On the other hand, gamification is a tool for the lec-
turing of security awareness (Diakoumakos et al., 2021; Kumar et al., 2017; Martin 
et al., 2019; Nguyen & Pham, 2020; Raval et al., 2018; Yonemura et al., 2018a, b).

The following theoretical construct details some common issues related to the 
security of a gamified system. First, we refer the issue of login and password secu-
rity. The authentication through a login and a password is the most common access 
procedure to join a gamified tool. If goof security practices are not implemented, 
this initial procedure is a significant point of failure. A combination of an unsecured 
password, without an adequate aging mechanism implementation or even the access 
credentials shared with a co-worker present a serious security risk. Also, of strong 
relevance the risk of a remote access without the support of a secured connection 
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such as a virtual private network (VPN). A multiple-step authentication is an impor-
tant step introduced to bypass these vulnerabilities. Several solutions ate proposed 
to surpass the described vulnerabilities, those include the support of machine learn-
ing techniques (Djosic et al., 2020; Misbahuddin et al., 2017), secure login solutions 
(Waheed et al., 2016), or the support of BC technology (Biswas et al., 2021).

About software vulnerabilities and updates, we can state that the layer of soft-
ware is also of extreme relevance. All the data input, processing, and output in a 
usable interface are the result of a secure code execution. Any coding flaw may be 
the open door for a security issue, and it is an important point of research (Iannone 
et al., 2022). In particular, over the communication management software module – 
where all the information flows from and into the communication path: wired or 
wireless, each of it with its particular vulnerabilities.

There are several proposed solutions: the development of software vulnerability 
prediction model. This solution enables to forecast whether a software module is 
vulnerable or not, this way promoting a relevant tool for the security improvement 
(Shamal et al., 2017). Using automated vulnerabilities detection is also a proposal. 
With a new approach, a compressive experimental setup is created for accessing the 
methodology and report the vulnerabilities found (Ghosh et al., 1998; Visalli et al., 
2019). The Static Code Analysis (SCA) has, also, a good detection rate and is the 
central technique for improving the effectiveness of vulnerability detection (Pereira, 
2020). As a last bibliographic reference is from the support of machine learning 
solutions, at last, as relevant tool for the analysis of software vulnerabilities 
(Peerzada & Kumar, 2021). A good security policy includes the constant software 
updating is also a simple form to improve software productivity and reduce the 
menace of software vulnerabilities.

10.4  Methodology

This study implements a predominantly quantitative methodological approach, 
through the application of questionnaire survey as a research tool, with a set of 
questions that address two distinct areas, i.e. (i) learning through gamification in 
online environments and (ii) cybersecurity practices, in a sample that is composed 
of higher education students from different areas of knowledge academic. The study 
aims to understand the perceptions of students about active methodologies, in the 
specific case of gamification in digital learning environments, and the consequent 
attitude of students regarding cybersecurity practices in these same digital 
environments.

10.4.1  Statistical Analysis

Statistical analysis involved descriptive statistical measures (absolute and relative 
frequencies, means, and their standard deviations) and inferential statistics. 
Exploratory factor analysis (EFS), Cronbach’s internal consistency coefficient 
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alpha, Pearson correlation coefficient, and Kruskal–Wallis test were used. The nor-
mality of distribution of the variables was analyzed with the Shapiro–Wilk test, and 
the homogeneity of variances was analyzed with the Levene test. Statistical analysis 
was performed with the software SPSS (Statistical Package for the Social Sciences) 
in version 28.

The study included 95 higher education students from two HEIs in Portugal (see 
Table  10.1). Most students are male (87.4%) and with an academic high school 
qualification (82.1%). The mean age is 23.3 years (SD = 6.6 years), ranging from a 
minimum of 18 years to a maximum of 49 years. A considerable proportion of the 
students have an area of study in the HEI to Science, Mathematics, and Informatics 
(57.9%) and Engineering, Manufacturing, and Construction Industries (30.5%).

10.4.2  Results

In Table 10.2, we can verify the students’ answers to questions related to their expe-
rience with gamification (items 1–8) and cybersecurity practices. In gray, we high-
light the most frequent responses. However, the answers that motivated higher 
levels of agreement were “In the virtual learning environments or systems of my 
Higher Education Institution (HEI), I always use in my student account, a password 
that has uppercase and lowercase letters, numbers, and symbols.” (M = 3.61) and “I 
consider it important to implement different teaching methodologies in digital 
learning environments, e.g. Gamification.” (M  =  3.40). During the online class 

Table 10.1 Sample 
characterization

N %
Age (mean; Std. deviation) 23.6 6.6
Gender
Male 83 87.4
Female 11 11.5
Other 1 1.1
Academic degree
High school 78 82.1
Undergraduate 16 16.8
Specialist 1 1.1
Undergraduate degree in progress
Higher professional course (CTeSP) 33 34.7
Undergraduate 56 58.9
Master’s degree 6 6.4
Knowledge area
Sciences, mathematics, and 
informatics

55 57.9

Engineering, manufacturing, and 
construction

29 30.5

Social sciences, business, and law 11 11.6
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Subtitle:
1 - Totally disagree (%); 2 - Partly disagree (%); 3 - Partially agree (%);  

4 - Totally agree (%)
M - Mean   SD - Std. Deviation

1 2 3 4 M SD

1. I have a full understanding, in general terms, of what lessons with 

Gamification techniques are.
10,5 15,8 49,5 24,2 2,87 0,90

2. I can identify when the teacher implements gamification techniques in class. 10,5 17,9 47,4 24,2 2,85 0,91

3. During the online class period, because of the COVID-19 pandemic, I took 
classes in which the teacher used Gamification techniques.

35,8 25,3 30,5 8,4 2,11 0,99

4. I have already had classroom lessons in which the teacher used Gamification 

techniques.
25,3 24,2 34,7 15,8 2,41 1,03

5. Lessons conducted with Gamification techniques are more interesting and 

motivating than traditional lecture classes.
7,4 3,2 47,4 42,1 3,24 0,83

6. I consider it important to implement different teaching methodologies in 

digital learning environments, e.g., Gamification.
5,3 3,2 37,9 53,7 3,40 0,79

7. When I use of networked (Internet), gamified, or other digital teaching and 

learning resources, I check the system's origin and its digital certificates.
13,7 25,3 46,3 14,7 2,62 0,90

8. In the virtual learning environments or systems of my Higher Education 

Institution (HEI), I always use in my student account, a password that has 
uppercase and lowercase letters, numbers, and symbols.

1,1 4,2 27,4 67,4 3,61 0,62

9. I am in the habit of periodically changing the passwords for the systems I use. 26,3 31,6 24,2 17,9 2,34 1,06

10. I only remember to change the password when a particular system makes 
such a request.

15,8 21,1 37,9 25,3 2,73 1,01

11. I try to inform myself about the security procedures used in the systems and 

applications I use in my HEI.
13,7 30,5 44,2 11,6 2,53 0,87

12. I only use free antivirus systems (among other protection systems) on my 

personal computer for study and work.
16,8 16,8 26,3 40 2,89 1,11

13. I frequently check that the computer's antivirus is up to date and functional. 7,4 18,9 31,6 42,1 3,08 0,95

14. I periodically check that my computer's firewall is up to date and functional. 9,5 22,1 32,6 35,8 2,94 0,98

15. I try to be informed about the best information security practices to adopt 
when using the Internet.

3,2 13,7 50,5 32,6 3,13 0,76

16. I have already been reading (even partially) the General Data Protection 

Regulation (GDPR) and I understand everything I read.
32,6 25,3 30,5 11,6 2,21 1,03

Table 10.2 Gamification and cybersecurity practices

Table 10.3 Cyberattacks suffered by students

17. Have you ever been the victim of a cyberattack that caused you any 
personal, academic, and/or professional harm? If yes, what was the attack, 
and in what context?

N %
Yes 9 9.5
No 86 90.5

period, because of the COVID-19 pandemic, “I took classes in which the teacher 
used gamification techniques.” (M = 2.11) and “I have already been reading (even 
partially) the general data protection regulation (GDPR) and I understand every-
thing I read.” (M = 2.21).

The questionnaire presented the students a final question, to verify whether they 
had already been victims of a cyberattack that had tail damage and if so, describe 
what the cyberattack suffered. In Table 10.3, we can see that almost all students say 
that they have never suffered attacks in digital environments. However, the few stu-
dents who reported having suffered attacks, indicated mostly phishing attacks, and 
ransomware and some could not specify.

The analysis of the relational structure of the items of the scale about the experi-
ence of the students with gamification was performed through exploratory factor 
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Table 10.4 Variance explained (gamification)

Component
Initial Eigenvalues Extraction sums of squared loadings
Total % of variance Cumulative % Total % of variance Cumulative %

1 2.859 40.848 40.848 2.859 40.848 40.848
2 1.279 18.277 59.125 1.279 18.277 59.125
3 1.064 15.205 74.330 1.064 15.205 74.330
4 .664 9.486 83.817
5 .556 7.945 91.762
6 .368 5.253 97.015
7 .209 2.985 100.000

Table 10.5 Variance explained (cybersecurity)

Component
Initial Eigenvalues Extraction sums of squared loadings
Total % of variance Cumulative % Total % of variance Cumulative %

1 3.275 36.389 36.389 3.275 36.389 36.389
2 1.209 13.434 49.823 1.209 13.434 49.823
3 1.046 11.618 61.441 1.046 11.618 61.441
4 .823 9.145 70.586
5 .800 8.884 79.470
6 .640 7.109 86.579
7 .468 5.200 91.779
8 .420 4.672 96.451
9 .319 3.549 100.000

analysis on the matrix of correlations, with extraction of the factors by the method 
of the main components followed by Varimax rotation. The common factors retained 
were those with a higher Eigenvalue 1. The validity of factor analysis was made 
through the KMO test (0.656 – gamification and 0.751 – cybersecurity) and the 
Bartlett test (significant in both sets of questions), which indicates acceptable values 
for the continuation of the analyses. Factor analysis converged to a solution with 
three main components in the gamification set of questions, which explain 74.3% 
and three components in the set of questions about cybersecurity, which explains 
61.4% of the total variance as detailed in Tables 10.4 and 10.5, and the components 
presented a good internal consistency in the analysis of internal coefficients through 
Cronbach Alpha test.

In the rotated matrix, only items that presented saturation levels were considered 
>0.40. The components generated from the gamification set of questions were des-
ignated as (i) “knows gamification,” (ii) “uses gamification,” and (iii) “importance 
gamification.” The components of the set of cybersecurity questions were desig-
nated as (i) “best practices IS personal” (IS means Information Security), (ii) “best 
practices IS password,” and (iii) “best practices IS HEI”.
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10.5  Conclusions

The pandemic crisis had a dramatic impact over twenty-first-century society. A 
swift action was needed, in particular, for the lecturing sector. At same time, as 
described in previous sections, there was a set of new approaches and technologies 
that could be the necessary lever to bring innovative practices but also to play a 
relevant role during the COVID-19 pandemic. The bibliography collected in this 
research clearly suggests that gamification, IoT, AI, or blockchain as innovative and 
relevant educational practices. The direct implication of the physical distance under 
the crisis pushes the lecturing players to their connected devices and into remote 
sections. This article, also, discusses the new security challenges that remote access 
brought to students and lecturers.

As a methodology, a survey and an in-depth statistical analysis were conducted. 
Taking into consideration, the most relevant conclusions: most participants partially 
agree that they understand the topic of gamification in the context of a classroom 
and that they would identify it. On the other hand, the majority had no feel of the 
experience of a class occurring with the gamification tool. The majority also do 
consider to be important to implement different teaching methodologies in digital 
learning environments, e.g. gamification. The gamification is a tool to be explored 
that failed its implementation in the pandemic period.

Under the research topic about security exposure and users’ literacy, the most 
positive replies occurred for good practice of using strong passwords, regular con-
cern about virus list update and firewall overall state. Some negative points are the 
following: there is no practice of a regular password change, the majority uses free 
antivirus solutions, and there is small knowledge about the principles, implications, 
and advantages of the GDPR.

Results go to conclusion accordingly with the supposition that gamification can 
and should be used in cybersecurity literacy objectives, and these objectives must be 
included in contents offered by HEIs, integrating their strategic planning in the path 
of best practices, implying directly or indirectly on sustainability related issues.
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11Relevance and Characteristics 
of Responsible Innovation Assessment 
Tools

Carla Caldeira, Diana Pereira, José Duarte Santos, 
Cristina Guimarães, and Fernando Almeida

11.1  Introduction

The growing importance of innovation for competitiveness is widely recognized 
both in academia and science, as well as in business. There are several authors such 
as Lichtenthaler (2016), Roach et al. (2016), and Tavassoli and Karlsson (2016), 
who have explored the need for organizations to innovate to achieve sustainable 
success in the markets in which they operate or even to reinvent such markets. 
Formulating goals and plans and implementing actions and monitoring their execu-
tion are activities that companies need to undertake to remain competitive. Therefore, 
it is up to the organizations to ensure that this process is correctly conducted so that 
it is possible to achieve the intended goals. Furthermore, it is important for an orga-
nization to evolve over time, otherwise it runs the risk of disappearing. Thus, the 
current strategic guidelines are increasingly based on innovation. By developing 
new technologies, products, services, processes, and systems in a sustained way, the 
organization creates much more value and differentiates itself in the market 
(Meissner & Kotsemir, 2016; Pozo et al., 2019).
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In a world faced with socio-environmental problems, the combination of innova-
tion with sustainability becomes increasingly necessary. Besides being a way to 
preserve the environment, it is also a path to achieve new market opportunities 
(Andrade, 2017). With the increasing concern of the market with socio- environmental 
aspects, it is necessary to re-evaluate the performance aspects of companies. From 
this perspective, innovation is seen differently, which leads to the idealization of 
sustainable innovation (Kneipp et  al., 2019). Innovation and sustainability are 
increasingly interconnected, since for the development of a sustainable product, 
process, or service, it is essential to use innovation as a driving force, and these two 
terminologies are the foundations of the construction of a sustainable innovation 
context for the advances and evolution of companies.

It is in this context that the concept of responsible innovation emerges in the 
market intending to promote a more responsible development of innovation in terms 
of inclusion of a wider society and so that the results of innovation are ethically 
acceptable, sustainable, and socially desirable (EC, 2011). Responsibility in 
research and innovation is driven by global concern for the planet, its natural 
resources, as well as a just and inclusive society. This concern concerns govern-
ments, which can act through policies and regulations, even if they are still in the 
developmental stage (Scherer et al., 2006). However, responsible innovation is also 
a concern of the private sector with the aim to align R&D activities with society’s 
values, needs, and expectations (Burget et al., 2017).

Knowing the concept of responsible innovation and how to apply it is relevant in 
the business context, but insufficient if there are no ways to measure it that can be 
standardized and comparable. This study addresses this challenge by identifying, 
categorizing, and exploring a set of responsible innovation assessment tools (RIATs) 
that can be used to measure responsible innovation. The manuscript is organized 
into five main sections. In the first phase, an introduction to the theme is given, fol-
lowed by a theoretical framework of the concepts related to strategy, innovation, and 
responsible innovation. After that, the methodological process in the identification 
and evaluation of RIATs is described. Next, the results obtained are presented and 
discussed considering their technical and scientific contributions. Finally, the main 
conclusions of this study are listed.

11.2  Background

11.2.1  The Relevance of Strategy

As markets are increasingly competitive, managers must accept the challenge of 
applying strategic thinking and the skills of an effective leader, i.e., it is necessary 
to go beyond the efficient planning, organization, execution, and control of business 
activities. The definitions of the concept of strategy are quite numerous, the litera-
ture on strategic management defines strategy as a multifaceted concept, with differ-
ent dimensions, such as: strategic thinking, strategic process, and strategic change 
(Meyer et al., 2012).
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According to Pasquale (2012), to achieve the objectives it is necessary to deter-
mine which strategy to adopt. Therefore, strategies consist of the actions that the 
organization must take to achieve its goals, these are established based on the objec-
tives to be achieved and influenced by the mission, vision, beliefs and values, micro-
environment, and situation of the organization. In environments of constant change, 
it becomes common to carry out restructuring processes for survival and competi-
tiveness. As discussed in Balogun (2007) and Srivastava and Mushtaq (2011), stra-
tegic restructuring can be organizational, financial, but also of products and services 
offered in the market.

The strategic management process is based on the shared importance of strategy 
development and strategy in action. In this sense, the phases of implementation and 
strategic control will be fundamental to achieve the proposed objectives (Chung 
et al., 2016). Strategic management requires the manager’s ability to monitor and 
interpret the reality of organizational environments, both inside and outside, to use 
them in the development of the company’s strategic posture, translated through the 
statement of values, vision, mission and strategic objectives. From this point on, it 
will be possible to challenge the overall business strategy and subsequently propose 
specific objectives and actions. Consequently, strategic alignment throughout the 
process is understood (Bora et al., 2017).

11.2.2  The Relevance of Innovation

Innovation has been widely regarded as the core process that drives economic 
growth and sustainable competitive advantages of both companies and nations, 
besides driving global sustainable growth (Chen et al., 2018). This has undoubtedly 
become an important issue in economic and social development, all developed 
economies are aware that only innovation can continuously stimulate new economic 
growth, while developing countries are also pushing to continuously upgrade their 
industrial structure through innovation to improve their national competitiveness 
(Acs et al., 2017).

Innovation is crucial for companies’ profitability and long-term survival because 
it allows a company to adapt to the dynamic needs of the market (Hauser et al., 
2006). Innovation is not only based on the development of new products, but it also 
helps to promote new business models, offers new services, and improves processes 
to make people’s lives easier. But above all, it makes sure that these processes reach 
those who need them. Another important factor of innovation is encouraging the 
emergence of collaborative knowledge networks by exploring the concept of open 
innovation, which becomes particularly relevant for companies with less installed 
capacity (Almeida, 2021; Oduro, 2019).

It is important that innovation is valued and properly recognized and, instead of 
being seen as an expense, be understood as an investment. To this end, society must 
be open to new ideas and developments and take advantage of the opportunities that 
are offered to improve the quality of life (Aguirre et al., 2021). It is also important 
to encourage new scientific skills and the acceptance of new technologies, 
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something that requires the commitment of all governments, industries, schools, 
and universities (Morawska-Jancelewicz, 2021).

Innovation, always present in society, is one of the priorities of industrialized 
countries and can dictate the difference between organizations and economies. It is 
through it that organizations can build the foundations of their development and 
growth in a sustainable way. Innovation is an extremely relevant factor for a suc-
cessful modern economy, providing high levels of return on investment and leading 
to economic growth, the creation of high-quality jobs and the acquisition of a higher 
standard of living (Gupta, 2008).

11.2.3  The Need of Responsible Innovation Practices

Long et al. (2020) state that, innovation leads to new products, business models and 
even changes in socio-economic systems. However, innovation must have the ‘right 
impacts’, so responsible innovation can help achieve this. An innovation is therefore 
defined as responsible when it generates relevant and sustainable value for all stake-
holders: society, users, and shareholders. Responsible Innovation (RI) is about 
delivering value to all stakeholders, the issue of managing these stakeholders with 
integrity must be treated with care.

RI can be defined according to Von Schomberg (2013, p. 19) as “a transparent, 
interactive process by which societal actors and innovators become mutually 
responsive to each other with a view to the (ethical) acceptability, sustainability and 
societal desirability of the innovation process and its marketable products (in order 
to allow a proper embedding of scientific and technological advances in our 
society)”.

RI offers a way to support innovation processes in a way that builds stakeholder 
trust (Sutcliffe, 2011), and a method to make innovations more effective. This is 
because RI should enable more and better connections to be made with people who 
can enrich the innovation process by increasing demand articulation and improving 
forecasting and anticipation (Long et al., 2020). However, the adoption of RI also 
has its drawbacks and one of the main ones is the lack of unity, recognized 
approaches, and professional standards for implementing and evaluating RI.

RI is also synonymous with sustainable innovation and both concepts cohere. 
Innovation is looked at as a crucial approach to address present and future sustain-
ability challenges. In Tello and Yoon (2008) sustainable innovation is seen as the 
development of new products, processes, services, and technologies that contribute 
to the development and well-being of human needs and institutions while respecting 
natural resources and regenerative capacities. This view is further explored by Bos- 
Brouwers (2010) who explains sustainable innovation by defining it as innovations 
in which the renewal or improvement of products, services, technological or organi-
zational processes not only provides improved economic performance, but also 
social performance, both in the short and long term, have the capacity to generate 
positive social and environmental impacts. A sustainable approach to innovation 
should guide all business choices regarding products and services as well as the new 
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business and organizational models that need to be adopted (Boons & Lüdeke- 
Freund, 2013).

An innovation can be seen as responsible when the value created benefits not 
only shareholders and customers, but also society, in a lasting and sustainable way. 
An innovation that destroys value for society, for consumers, or does not generate 
economic profit for shareholders is unlikely to be sustainable (Dreyer et al., 2020). 
RI encompasses multiple dimensions that seeks on the one hand to avoid causing 
harm, also to do good, without forgetting that it must be motivated by responsible 
governance (Bacq & Aguilera, 2022). Through RI, companies can effectively use 
resources more efficiently, reducing costs, or develop a product that gives them a 
competitive advantage (Almeida & Wasim, 2022).

11.3  Data and Methods

Responsible innovation is an emerging field of research that has been framed in 
multiple scientific research domains. It is a pertinent topic for all research domains 
and its philosophical discussion on its importance is unequivocal as recognized in 
Chen et al. (2022), Stahl et al. (2019), and Tijdink et al. (2021). Several tools for 
measuring responsible innovation have emerged in recent years. These tools do not 
measure responsible innovation in the same way, and consequently it is important to 
recognize and synthesize the various dimensions of responsible innovation consid-
ered in this study. In this sense, this study follows a methodology design based on 
an exploratory qualitative approach. Exploratory research seeks to explore a prob-
lem to provide information for a more precise investigation. This approach aims to 
get closer to the topic, which can be built on hypotheses or intuitions. It is a qualita-
tive, unstructured process that uses literature searches and case studies as data col-
lection (Saunders et al., 2009). This approach offers several benefits such as an early 
and timely analysis of the relevance of the subject being discussed, allows for a 
sense of the need for new research and new joint areas to be explored, and helps 
maintain focus on the topic (Silverman, 2010). This study is composed of a litera-
ture review and a comparative analysis of the various tools for assessing RI. The 
choice of this methodological model has to do with the very nature of the study, 
insofar as it aims to understand an issue and not exactly measure the object of study. 
In this sense, the accounting of the data has only comparative purposes.

Figure 11.1 visually presents the three fundamental phases of this process. 
Initially, the goal is to identify responsible research innovation tools (RRITs). 
Generic platforms with potential for application and measurement of RI were con-
sidered, even if this was not their initial design focus. Tools were also considered 
regardless of their application in specific RI sectors. Finally, frameworks and tools 
were also considered, even if some of these approaches are excessively conceptual 
and without a technical implementation framed in a software solution (e.g., web 
application, excel, etc.). However, proprietary frameworks of companies with com-
mercial objectives were not considered, such as workshops launched by these orga-
nizations. After this, a conceptual map of the dimensions for analysing RI was built, 
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Fig. 11.1 Phases of the 
methodological process

which allows for generic information about the various dimensions that RI covers. 
Finally, the last step explicitly seeks to assess comparatively the similarities and 
differences between the various tools. Each tool is analysed according to the previ-
ously identified dimensions, which allows the identification of the most common 
and least common dimensions.

11.4  Results and Discussion

The presentation of the results begins with the identification of RRITs. Table 11.1 
presents this list and a brief description of each tool’s objective. The data are orga-
nized alphabetically, in which each tool is identified by its acronym. The description 
of each tool highlights its unique characteristics, the main objectives, and the author 
that supports it. In total, 18 tools were identified. Most of these tools were launched 
in the last 3 years, which shows a high concern of the scientific and business com-
munity in finding ways to measure RI. We also found tools that emerged in specific 
business sectors such as health, but whose potential applicability may be broader. 
The role that European projects have played in the emergence of these initiatives is 
also noted. These European projects have also been essential to promote a closer 
relationship between the scientific community and the business fabric, through the 
launch of technology transfer projects (Deloitte, 2020). It is worth highlighting the 
emergence of proposals for measuring RI that result from the reuse of existing net-
works of European projects funded under FP-6, FP-7 and Horizon 2020 and that 
have allowed expanding the area of action of these consortia and maintaining trans-
national collaboration networks. It is also evident that addressing the challenges of 
measuring RI is not specific to a given economy, and across the board all countries 
are faced with the challenge of effective and sustained growth in the future. As 
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Table 11.1 List of RRITs

Tool Description
Exploring Natural 
Capital Opportunities, 
Risks and Exposure 
(ENCORE)

ENCORE is a tool that allows users to visualize and understand the 
impact of environmental change on the economy. It explores how 
business activities impact nature and looks at how dependencies 
and impacts can also pose a risk to business (ENCORE, 2022).

Environment and Social 
Impact Assessment 
(ESIA)

The goal is to assess and predict potential adverse social and 
environmental impacts and develop appropriate mitigation 
measures, which are documented in an Environmental and Social 
Management Plan (Dreyer et al., 2020).

Four Dimensions of 
Responsible Innovation 
Framework (F4-RIF)

The four dimensions of RI (anticipation, reflexivity, inclusiveness, 
and responsiveness) provide a framework for raising, discussing, 
and responding to questions such as the purposes, motivations, 
social and political constitutions, trajectories, and directions of 
innovation (Stilgoe et al., 2013).

Ethical Matrix (EM) This tool is a structured approach to analyze the impacts of 
technologies according to stakeholder groups and the ethical 
principles of justice, autonomy, and well-being (Kaiser & 
Forsberg, 2001).

Health Technology 
Assessment (HTA) Core

It offers many opportunities for different types of comparison 
between health technologies. It considers ethical, cultural, social, 
legal, and regulatory issues in the form of a list, and has a high 
degree of transparency (Thorstensen, 2019).

KARIM It serves to help companies reconsider their business model, 
develop new products and services, new technologies, or even 
improve their production processes. It combines a self-diagnostic 
tool with a summative analytical grid composed of 24 criteria (Hin 
et al., 2014).

Life Cycle Assessment 
Anticipatory (LCAA)

Tool to support environmentally RI. It seeks to provide 
environmental criteria for R&D decision-makers to broaden the 
range of values used in formulating hypotheses and experimental 
research agenda and thus support RI of emerging technologies 
(Wender et al., 2014).

Monitoring the 
Evaluation and Benefits 
of responsible Research 
and Innovation (MoRRI)

Develops a list of RRI indicators for proper measurement of 
research and innovation responsibility, which could serve as KPIs 
(Gurzawska, 2021).

ORBIT Self-Assessment 
Tool

Its goal is to spark ideas for actions that will help put RRI into 
practice. It provides innovators with a series of questions organized 
in a 4 × 4 matrix: Process, Product, Purpose, People × Anticipate, 
Reflect, Engage, Act (Lehoux et al., 2020).

PRISMA It aims to help companies implement RRI in their innovation and 
social responsibility strategies. It is a toolbox composed by a 
self-assessment survey, a 5-criteria impact analysis, 10 KPIs, and a 
roadmap template (Lehoux et al., 2020).

Product Impact Tool 
(PIT)

It was developed with the aim of raising awareness of the 
possibility of influencing behavior through design. Its function is 
analysis and design support, both applicable to RI, in terms of 
identifying key issues and impacts and in terms of improving 
impacts, for example through design changes (Long et al., 2020).

(continued)
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Table 11.1 (continued)

Tool Description
Responsibility Navigator 
(RN)

It serves to support strategic-level reflections on ways to promote 
different accountability-related goals throughout the organization. 
It is important for addressing how innovators working in large 
organizations can be adequately supported by higher level 
managers to implement RRI at the operational level (Lehoux et al., 
2020).

Responsible Innovation 
COMPASS self-check 
tool

Developed with the intention of helping SMEs determine to what 
extent their practices align with IR principles, how to improve their 
innovation processes and outcomes, and how they compare to other 
companies (Gurzawska, 2021).

Responsible Innovation 
in Health (RIH)

This tool directs the attention of policymakers “upstream,” where 
they can promote innovations that can address significant 
system-level challenges and support more equitable and 
sustainable health services. This generates an overall accountability 
score that can be used to compare the respective value of different 
innovations (Silva et al., 2021).

Responsible Management 
of Innovation (RMoI)

It aims to provide innovators with a systematic way to identify and 
consider socioethical risks and opportunities. It is administered 
through a workshop and incorporates three distinct stages (Long 
et al., 2020).

RRI Maturity Model 
(RRI-MM)

The model proposes a combination of the maturity levels with the 
activities, processes, or artifacts that are associated with each level. 
Three categories are listed as purpose, process, and product (Stahl 
et al., 2017).

ROSIE Responsible 
Innovation Toolbox

Tool designed to support SMEs and other organizations to 
understand, assess and implement RI (Interreg Central Europe – 
ROSIE, 2020).

SDG Compass (SDG-C) The objective of the SDG compass is to guide companies in the 
process of aligning their corporate strategies with the sustainable 
developing goals of the United Nations. Furthermore, it gives 
indications on how companies can measure and manage their 
contribution to the SDGs (SDG Compass, 2015).

argued in Balland et al. (2019) and Schütz and Strohmaier (2022), European coun-
tries need to enhance their active presence in international innovation and competi-
tiveness networks, with all the consequences in terms of impact on their economic 
and social matrix. Moreover, European projects have also made significant contri-
butions to the development of the Global Sustainable Development Goals (SDGs) 
through their collaborative and social transformation potential (Moczek et al., 2021).

For each RRIT tool, a set of dimensions were identified that they use to catego-
rize RI. An attempt was made to group synonyms within the same dimension, such 
as transparency with visibility. This approach allowed the identification of 16 
dimensions as shown in the conceptual map presented in Fig. 11.2. Studies indicate 
that RI cannot be segmented, and the various dimensions should be interconnected, 
even as Voegtlin and Scherer (2017) state that economic, environmental, and social 
perspectives are associated with the sustainable development paradigm. This view 
is also adopted in Landeweerd et al. (2015) when advocating the interconnection 
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Fig. 11.2 RRIT dimensions

and incorporation in the governance of science and innovation. The dimensions 
identified in the conceptual map can be mutually reinforcing (e.g., greater reflexiv-
ity tends to promote greater inclusion, and vice versa). However, they can also be in 
tension and generate conflicts (e.g., anticipation can generate greater participation, 
but can also be resisted by scientists seeking to defend their autonomy, or their prior 
commitments to particular innovation trajectories). Making such tensions visible 
and bringing them into negotiation are important steps in making RI responsive. In 
short, it is a matter of integrating the dimensions and strategies for RI into a coher-
ent and legitimate governance approach.

Finally, the Table 11.2 in Appendix performs a comparative analysis of the RRIT 
tools. The most common dimensions identified in the RI frameworks are the social 
and educational dimensions. It is argued that the proposal of new products and ser-
vices must be aligned with user needs but must also have the potential to alleviate 
social and environmental challenges. Consequently, RI necessarily has to look at 
social innovation with the aim of developing solutions to the sustainability chal-
lenge (Dacin et al., 2010; Phillips et al., 2015). While social innovation is pursued 
by organizations or individuals with pro-social motivations, it is recognized that 
companies must have a corporate social responsibility (CSR). The concept of CSR 
is related to companies’ commitment to society. A socially responsible company 
should trace its actions in an ethical and transparent management. To do so, it needs 
to involve issues such as the quality of life and well-being of the company’s internal 
public, the relationship with stakeholders, and the reduction of negative impacts on 
the community and the environment (Sheehy & Farneti, 2021).
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The educational dimension is also relevant from two perspectives: science edu-
cation and learning. In Bhaduri and Talat (2020), it is recognized that a public dia-
logue between academia and science can help increase the understanding of 
innovations and their positive effects. This would increase the likelihood of market 
acceptance of a product or service. Companies can collaborate with universities and 
other educational institutions, attend public events, participate in discussion forums, 
etc. There is a relevant set of initiatives, short and long term, that can be promoted 
to bring companies and academia closer together. In another perspective, learning is 
a core element of RI. The goal is for companies to improve their processes and make 
them more efficient and sustainable. Technological evolution has helped build sus-
tainable development. However, the exploitation of one innovative technology is 
insufficient. RI practices should also look at organizational processes and make the 
company learn throughout this process by adopting sustainable products and prac-
tices (Bianchi et al., 2022).

11.5  Conclusions

In an ever-changing world, organizations must quickly respond and adapt to the 
constant changes perpetuated in the surrounding environment. Organizations must 
have the ability to create, acquire and transfer knowledge, so that they can modify 
their behaviour to reflect new knowledge and ideas. Innovation assumes the chal-
lenge of presenting something new or improved by an organization, through the 
different possible types of innovation and in all areas of the business, and which has 
as its main objective to transform this novelty into something with recognized value, 
for all its possible users and preferably for society in general. Innovation should be 
consequently responsible and generate relevant and sustainable value for all audi-
ences (e.g. society, users and shareholders). In this way, innovation can have the 
right impacts with the help of RI, as this is a framework that enables the governance 
and evaluation of innovations concerning their potentially harmful consequences 
and positive contributions to societal challenges.

There are several tools for measuring RI. However, given the emergence of the 
topic, there is no single tool that allows for a complete and comprehensive measure-
ment of all their dimensions. This study identified 18 RIATs and found a total of 16 
dimensions. The social and educational dimensions stand out as the most relevant 
considering the number of different frameworks that incorporate these dimensions. 
It was also possible to conclude that RI dimensions cannot be seen in isolation since 
there is a strong interconnection between them.

This work presents some limitations that it is important to address. First, the 
identification of the frameworks resulted from an exploratory qualitative research 
process. It is relevant to systematize this process by conducting a systematic litera-
ture review to understand in greater depth the characteristics of these tools and their 
scientific framework. It is also relevant to explore the applicability of these tools 
considering several activity factors. The health field was highlighted as an important 
activity sector for the application of these tools, but there are potentially other activ-
ity sectors in which RI is also a priority.
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12Sustainability in Erasmus+ Projects: 
StartIT

Hiram Bollaert, Johanna Hautamäki, João C. Monteiro, 
Krzysztof Podlaski, Dereck O’Reilly, and Katharina Simbeck

12.1  Introduction

Sustainability can be defined as “meeting the needs of the present without compro-
mising the ability of future generations to meet their own needs” (United Nations 
Brundtland Commission, 1987). This was the first time the term sustainability was 
mentioned and its importance was highlighted. The concept focuses on the satisfac-
tion of needs in a responsible way. The sustainability concept is largely related to 
the definition of economics. In fact, economics science is also essentially focused 
on the satisfaction of needs. As a matter of fact, we can define economics as being 
“the study of how people and society choose, with or without the use of money, to 
employ scarce productive resources which could have alternative uses, to produce 
various commodities over time and distribute them for consumption now and in the 
future among various persons and groups of society” (Samuelson & Nordhaus, 
2022). From this definition, we can infer that economics is largely related to the 
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choice we make about the use of scarce resources to satisfy unlimited human needs. 
Immediately associated with this concept is the concept of economic growth. 
Economic growth is an increase in the economic production. A continuous increase 
in production is needed to satisfy a higher number of needs and a higher percentage 
of the population. A higher production, although sometimes possible without it, 
should imply a higher, more intensive, use of resources. A correlated concept to 
economic growth is the concept of economic development. Economic development 
is primarily concerned with the well-being and quality of life. Hence, it is not only 
focused on higher production but also on the impact of that increased production in 
a wide variety of aspects. Consequently, improvements in health and education, for 
example, are relevant for the economic development of societies. As such, increase 
in life expectancy and literacy rates are essential elements of the economic develop-
ment concept. But other aspects related to the global quality of life are also relevant. 
Among those, the ones connected to the environment are amid the most impactful. 
The quality of the air we breathe and the quality of the water we use are just a few 
examples of the importance of the environmental aspects to the concept of eco-
nomic development. Economic growth is a purely quantitative concept. Economic 
development includes qualitative aspects. Sustainability adds to this qualitative 
insight, a significant long-time perspective. It does not focus solely on the present, 
but it looks ahead. Precisely because resources are scarce, the present use of 
resources must be appropriate, so that future use of those same resources should still 
be possible. Awareness of its relevance caused a shift in the way economic concepts 
should be addressed. This need for a different approach to economic growth and 
economic development is a key element to address sustainability and is the ground 
basis for sustainable development. This new approach to these concepts started to 
be dealt with only recently, but it has gained significant relevance.

In Europe, the European Union (EU) sustainable development strategy, launched 
by the European Council in Gothenburg in 2001, aims for the continuous improve-
ment of quality of life for current and future generations. The different programs 
that the EU launches should also address this issue. Erasmus+ is the EU program to 
support education, training, youth, and sport in Europe. “The general objective of 
the programme is to support, through lifelong learning, the educational, profes-
sional and personal development of people in education, training, youth and sport, 
in Europe and beyond, thereby contributing to sustainable growth, quality jobs and 
social cohesion, to driving innovation, and to strengthening European identity and 
active citizenship” (Erasmus+ program guide, 2022). As it can be noted, the refer-
ence to sustainable development/sustainability, by the term sustainable growth, is 
one key element of the program. The priorities that are set to achieve such general 
objectives are inclusion and diversity, digital transformation, environment and fight 
against climate change, and participation in democratic life. All of which, either 
straightforward or indirectly, are aimed at a better quality of life for European citi-
zens but also to support sustainable development. To achieve such goals, the 
Erasmus+ program aims to implement three different key actions. The first supports 
the general, and more known, mobilities of individuals. The second one supports 
cooperation among organizations and institutions under partnerships for 
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cooperation, partnerships for excellence, and partnerships for innovation. The third 
one supports policy development and cooperation. Each one of these key actions 
should comply with the general rules established for the program. Naturally, it 
should also address the general objective established by the EU for the program. 
Therefore, the EU is setting up a procedure so that higher education institutions 
(HEIs) can properly address sustainability and might benefit from support to pro-
mote projects and actions that pursue sustainable development.

This chapter describes one project to be implemented under key action two. The 
StartIT got funding under Erasmus+ program. It started in March 2022, with the 
first activities associated to the project to be implemented shortly after. In this chap-
ter, the intention is to describe the general objective of the project, its main activi-
ties, and how, with its proper implementation, it contributes to sustainable 
development in the EU. The next chapter makes such a description. It starts with a 
description of the project, and it continues with its focus on sustainability. Final 
remarks about the expected outcomes are presented.

12.2  StartIT

StartIT is a project developed by a consortium of six European Union HEI, led by 
HTW Berlin (Germany), together with AP Hogeschool Antwerpen (Belgium), 
Centria University of Applied Sciences (Finland), DKIT (Ireland), ISPGAYA 
(Portugal) and University of Lodz (Poland). The project is financed by Erasmus+ 
under contract no. ° 2021-1-DE01-KA220-HED-000023215. As the budget code 
suggests, it falls under key action two, being a strategic partnership project for 
cooperation.

12.2.1  Project Background

In today’s global economy, soft skills, future skills, entrepreneurial skills, and IT 
skills are increasingly important. HEI need to invest in providing their students with 
the skills that are highly sought-after in the labor market. COVID-19 has had a dev-
astating effect on the lives of many EU citizens. One group that has been particu-
larly badly hit is young people. By moving online, third-level education across the 
EU has mainly remained open. New teaching methodologies emerged. However, 
despite the development of online methods, HEI focused on the essential technical/
scientific contents. The above-mentioned skills were, most of them, neglected in the 
process. In fact, as they have moved online, many HEIs have focused their efforts 
on ensuring the successful online delivery of their core disciplinary subjects. As a 
result of this, there is an even greater deficit in soft and future learning among stu-
dents. Online learning does not lend itself to the teaching of soft-skill competencies, 
such as communication, leadership, decisiveness, teamwork, responsibility, time 
management, problem solving, ability to work under pressure, flexibility, negotia-
tion, and conflict resolution. Nonverbal communication can support a speaker’s 
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ability to communicate effectively in a group, using hand gestures to indicate the 
importance of an idea to your audience, nodding your head to express solidarity 
with the speaker, conveying feelings such as disappointment, relief, or happiness, 
offering support with a simple smile or pat on the back or deescalating tension by 
using a calm tone of voice. Nonverbal cues can even highlight that a person is being 
dishonest, unengaged, excited, or aggressive. According to the OECD/EU (2020), 
about 40% of youth express an interest in entrepreneurship but very few youths are 
self-employed. This gap signals untapped entrepreneurial potential. Youth face 
many barriers, including a lack of entrepreneurship skills. Other key barriers include 
a lack of entrepreneurship role models, little entrepreneurship and work experience, 
few financial resources, limited business networks, and market barriers such as low 
credibility with potential customers. Common public policy responses to these bar-
riers should include entrepreneurship training, grants, and loans for business start- 
ups, coaching and mentoring, and support in network building. It is also important 
for public policy to go beyond helping youth start businesses by helping them 
develop and grow their businesses. Youth have a high level of interest in self- 
employment but only 6.5% of working youth (20–29 years old) in the European 
Union (EU) were self-employed in 2018. Furthermore, the number of self-employed 
youths has declined over the past decade, falling from 2.7 million in 2009 to 2.5 mil-
lion in 2018. The gender gap in self-employment starts early. In 2018, young women 
in the EU were only about 60% as likely as young men to be self-employed (4.8% 
vs. 8.0%). According to the EU (2021), the COVID-19 pandemic highlighted the 
importance of digitization for European society. The digital compass sets out objec-
tives to achieve the EU’s vision for the digital future, called the four points of the 
compass to identify the main goals to reach over the next decade: digitally skilled 
population and highly skilled digital professionals; − secure and substantial digital 
infrastructures; digital transformation of businesses; and digitization of public sec-
tors. StartIT is an innovative approach to teaching, through the application of an 
active learning methodology, these skills.

12.2.2  Project Description

The main goal of the project is the promotion of digital transformation in higher 
education students while addressing climate change. The project promotes innova-
tive learning and teaching methodologies, bringing together students from the six 
member countries to work in diverse, international, interdisciplinary teams, thus 
acquiring skills that will enable them a higher social well-being. They will be chal-
lenged to develop a mobile app intended to mitigate climate change. At the same 
time, they will also have to develop an associated business plan. With this joint 
development, they will contribute to the promotion of the digital economy and envi-
ronmental protection. Three different student mobilities will be organized within 
the next 3 years to achieve these objectives.

Being financed by Erasmus+, the project must contribute to some of the pro-
gram’s priorities. This project contributes to the following program priorities:
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Higher education–specific priorities
Stimulating innovative learning and teaching practices

All partnering higher education institutions (HEI) include project activities and 
team tasks in their regular curricula. However, those curricular activities focus on 
exercising specific capabilities that have been taught before. Start IT will develop 
this teaching concept further by putting students specifically in situations where 
they need to identify missing skills and acquire them in the process of working on 
the outcome. The new teaching experience will also need to be linked to different 
gradable activities (i.e., lab books and learning diaries). We are developing and 
using an active learning procedure to teach students about soft and digital skills. The 
participating HEI will benefit from increased capabilities in the application of active 
learning.

Horizontal priorities:

Addressing digital transformation through development of digital readiness, resil-
ience, and capacity.

Environment and fight against climate change.

The skills that we teach our students today will be outdated in 20 years from now. 
Therefore, students not only need to learn to master the foundations of their disci-
pline but also to acquire new skills and knowledge. We are developing a concept to 
teach this important skill by tasking the students to work in international, interdisci-
plinary teams to create a digital entrepreneurial platform to tackle major environ-
mental challenges. Building the digital platform (i.e., mobile app or web app) will 
give students the opportunity to acquire new digital skills and understand current 
technological trends. This proposal is about enhancing soft skills in higher educa-
tion students. We shall organize events during which students work in teams. The 
task, to implement a business plan in an Information and Communication 
Technologies (ICT) related business concept or idea, is merely a flag to cover the 
crucial skills, which need to be stimulated and nurtured. The task will foster inher-
ently digital literacy, whereas the format of the event activates this crucial set of 
skills. Being challenged to develop a specific task, students are mixed in interna-
tional and multidisciplinary teams. They will need to actively communicate within 
their team and outside to build a picture of the needs of potential clients and users. 
By doing so they encounter team roles to organize themselves, and they practice 
ways of giving and receiving feedback to stimulate each other toward a proper out-
come of their collaboration. As a result, they become an interdisciplinary team. 
Skills, knowledge, and expertise flow over from one student to another, as they 
discuss and share ideas, promoting creativity and critical thinking, and judging 
ideas for their value and feasibility. From scenarios, outlining how certain decisions 
have a positive or negative impact on reaching their potential clients, the student 
teams develop a story filled with persona (characterization of users) and actions 
(feedback cycles between application and user). The outcome is logical and coher-
ent. At the same time, and because the focus of all the mobilities and of all the apps 
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to be developed is the environment and the fight against climate change, the project 
itself is also related to sustainable development. The digital platforms to be devel-
oped are with a local focus but must allow for global implementation.

It is planned to involve local partners in the teaching and learning activities in 
Porto, Berlin, and Antwerp. Those will contribute with guest lectures, mentoring, 
and coaching. For Porto, the local partners will be INOVAGAIA and the Vila Nova 
de Gaia city hall. The first partner is a business center for digital start-ups that regu-
larly promotes entrepreneurship seminars and cooperates with HEI in seminars 
about this topic. The city hall environmental and tourism department will cooperate 
in the mobility by setting up the goals/standards/aims for the application in what 
relates to the environment. For Berlin, the partners will be two multinational com-
panies that have offices in Berlin and strongly support both education and environ-
mental activities. For Antwerp, it will be Ecohuis Antwerpen. The local partner will 
bring climate change domain expertise to mobility.

12.3  Conclusions

The objective was to demonstrate that sustainability can be a part of projects 
designed to tackle other priorities. StartIT is essentially promoted to teach nontech-
nical skills to higher education students, with a new active methodology. However, 
despite this focus, sustainability is an essential element of the process. The subject 
of the learning process will be the environment and climate change thus promoting 
sustainable practices. In fact, and because sustainability practices will be developed 
and put into practice, the outcomes of the project are not only for the ones directly 
involved in it, but for a wider audience. The impact should be felt at a local, regional, 
national, European, and international level. With the promotion of sustainable prac-
tices, sustainable development is closer to being a reality. The project started to be 
developed in 2022 and will extend itself until 2025. A review of its implementation 
and a proper evaluation of its results are the steps that follow.
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13The Challenges of Teaching in a Context 
of Concern for Sustainability and Strong 
Technological Innovation: A Literature 
Review

Justino Lourenço, Susana Sá, and José Carlos Morais

13.1  Introduction

A new era in the twenty-first century is changing the way we interact in our daily 
routine. In parallel, research work is being conducted to understand the best innova-
tive educational practices to meet the educational needs of a new generation (Li & 
Zhang, 2021).

C3 (Creativity, Capability, and Challenge) is a new concept, which in particular 
is being tested and evaluated in engineering courses. At the Innovation Centre for 
Engineering Education (ICEE), a project is underway: Cultivating challenging 
twenty-first-century students with creative thinking, practical skills, and a future- 
oriented spirit of challenge. This can be simplified as C3: Creativity Fostering 
Education, Practical Skills Enhancement Education, Future-Oriented Challenge 
Spirit, and Engineering Education Support System Innovation are categories of the 
ongoing project (Lim et al., 2013).

Innovation in education is happening with the impetus of technology introduction.
The general concern for environmental sustainability is a current issue in discussion 

and research. In addition to the scientific community, citizen groups around the 
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world are also demanding much more practical and feasible attitudes toward a 
more sustainable world.

The new path that is emerging will bring a natural fusion of new educational prac-
tices, with a panoply of technological support allied to the concern for the plan-
et’s sustainability.

The research question is: How does the University contribute to a community 
formed by citizens that are aware of the sustainability of the planet?

13.2  Methodology

The main objective of this study is to carry out an integrative review to find out in a 
global way how the University contributes to a community formed by citizens that 
are aware of the sustainability of the planet.

The integrative review method, proposed by Whittemore and Knafl (2005), was 
used to guide this study, as it is considered the most appropriate to achieve the cen-
tral objective, from a variety of scientific sources. This method allows determining 
the current state of knowledge on a given topic, through the investigation of the lit-
erature and interconnection between the different contributions of the state of the 
art. “The integrative review method is the only approach that allows for the combi-
nation of several methodologies (e.g. experimental and non-experimental research) 
and has the potential to offer a major contribution in evidence-based practice” 
(Whittemore & Knafl, 2005, p. 547).

To ensure the methodological rigor of this study, the authors propose four steps: 
problem identification (previously performed), literature search, data evaluation, 
and data analysis, presented below.

The literature search was conducted using the Scielo, Web of Science, and 
Google Scholar databases. This search took place during the month of July 2022. 
Research published in English, giving preference to the last 20 years of publication, 
was included, using as keywords: “Sustainable education”, “Sustainability”, 
“Learning environments,” and “University education”.

The Search in the databases was carried out by all the authors of the study, and 
the information was cross-checked at the end of the stage.

To ensure the scientific rigor of this study, we elected the following inclusion 
criteria: (a) it is a scientific study; (b) it uses primary data sources; (c) articles in 
Portuguese and English language, and (d) peer review. Scientific research, using 
quantitative, qualitative, and mixed methods, was also included. Thus, research that 
did not directly focus on the topic under study, grey literature (unpublished studies), 
as well as articles of a reflexive nature were excluded.

We began by analyzing the articles that met the established inclusion criteria. A 
total of 38 documents were selected, and 361 were rejected because they did not 
focus on the defined characteristics or because they corresponded to publication 
dates prior to 2002. The articles were subsequently obtained in full and analyzed. Of 
the 117 remaining articles, 111 were rejected for not complying with the objective 
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of the study and for not being of an investigative nature, but rather reflective. From 
this evaluative process, 38 studies resulted.

13.3  The Analysis of Data

13.3.1  Technology Sustainability

Since the 1970s, advances in technology have affected everything including educa-
tion, training, and business environment, and jobs have always been challenged 
between educational, economic, social, and environmental disruptions in the best 
possible way to ensure the continuity of educational business. Therefore, it is neces-
sary to recognize and manage today’s challenges and according to the 3D model of 
Socio-Environmental SMEs to 1-) predict, 2-) prevent, and 3-) cope with tomor-
row’s crises (Mohammadian, 2022).

On the other hand, the same Internet of Things (IoT) technology is a powerful 
tool to fuel the sustainability theme (Siddula et al., 2018; Chen et al., 2020; Schmitt 
et al., 2018; Ramakala et al., 2017). The University’s practice and knowledge can be 
applied in hindsight in real sustainable applications: real-time air quality monitoring 
system based on multiple LoRa sensor nodes to implement an Internet of Things 
(IoT) network (Od et al., 2021) in a water treatment system (Tretjakova et al., 2022).

13.3.2  Energy Sustainability

A major concern is the energy savings in educational buildings (Mylonas et  al., 
2019). Existing studies neither satisfy the demand for fast response in time-con-
strained IoT applications nor fundamentally solve the problem of energy sustain-
ability. Therefore, discussing the problem of energy sustainability and timeliness in 
IoT systems is a relevant research topic (Deng et al., 2019). The automatic lightning 
discharge control system in a University can also bring a relevant contribution to 
sustainability (Cruz et al., 2021). Finally, as a relevant theme, the new paradigm of 
smart cities may have a huge contribution to the sustainability issue (Doster & 
Chavis, 2021).

13.3.3  Indicators about Artificial Intelligence Application 
and Sustainability

The theme artificial intelligence (AI) is also a strong new course in universities. A 
productive and effective learning environment should expose students to informa-
tion, but also to experimentation. Instead of a common model of repetitive exercise, 
the incorporation of neural networks would bring a very rich learning experience, 
thus leading to better teaching practices. Thus, AI will bring a positive revolution 
for learners. Learning will be a personalized experience with a pace tailored to the 
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learner’s profile. The literature points to the following areas that will be most 
impacted: personalized learning, experiential learning, performance-linked learn-
ing, lifelong learning, and virtual assistance. This topic is detailed in Sinha and 
Huraimel, Transforming Education with AI (2021).

AI also has several other fields of application in university curricula: enhancer of 
foreign language learning (Zhu, 2020), multidisciplinary study models (Laato et al., 
2020), informational literacy training and information security education (Jun & Yu, 
2012), computer science learning (Kandlhofer et al., 2016), and as an enhancer of 
health education (Jiang et al., 2021).

In addition to providing a tool for academic purposes and real-life enhancement 
tools, AI can and should be integrated into the issue of sustainability. AI and sustain-
ability is a nascent area, and elaborating its brief history with indicators of recent 
and notable activities is the main goal of this paper, as well as contextualizing AI 
and sustainability within the larger computing and sustainability movement (Fisher, 
Computing and AI for a Sustainable Future, 2011) and all its latest advances 
(Dauvergne, 2020).

In the concept of smart cities, particularly in terms of energy efficiency and 
Intelligent Transportation Systems (ITS), AI plays an important role (NICODEME, 
2021; Sinha & Huraimel, 2021).

The alarming rate of environmental destruction in the near future will undermine 
any attempt to reconcile human well-being and development with respect for the 
basic rules of sustainability. It is clear that International Institutions are not oriented 
at an adequate speed toward a global convergence of environmental sustainability. 
Some AI models and simulations can help humans understand the “point of no 
return” in the environmental crisis (Lahsen, 2020).

A totally new design of our industrial system of production and consumption 
around the circular patterns of resources versus energy consumption observed in 
mature ecosystems is a real need. Thinking and designing a regenerative economy 
model brings a whole new and complex model that requires a huge amount of data 
to be analyzed. The integration of data science – together with AI as tools to acceler-
ate the rapid transition needed for regenerative solutions – is a matter of urgency 
(Kadar & Kadar, 2020).

The agriculture sector is under extreme pressure to converge toward a balanced 
environment of production and consumption. There is an incredible shortage of 
resources such as water and soil and, on the other hand, serious climate change 
problems. At the same time, there is a known problem in attracting young people to 
this sector. Developing a solution that provides a communication path between pro-
ducers and buyers that enables a better balance in production versus consumption of 
agricultural goods with the support of AI would be a big step toward an environ-
mentally friendly approach to agriculture in the twenty-first century, this could be 
implemented with a mobile app supported by a shared platform of buyers and con-
sumers (Ogubuike et al., 2021).

Water wastage and declining water availability in some countries are of extreme 
concern. Water desalination is a global strategy to suppress the problem. Strategic 
planning and various technical decisions have a huge impact. AI can provide a tool 
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for decision makers and thus achieve greater optimization in terms of environmen-
tal, social, and economic impacts (AlZu’bi et al., 2019).

On the other hand, research has shown the increasing carbon footprint of machine 
learning (ML)-oriented applications due to the extraordinary growth in the size of 
deep learning models, which are estimated to have grown by a factor of 300,000 in 
the last 6 years. It is relevant to understand the preliminary exploration of the energy 
usage profile of ML training in the cloud and demonstrate how transfer learning can 
be used to reduce this energy consumption (Walsh et al., 2021).

The AI and the digital learning approach has a broad range of application from 
enhancement of the learning process to sustainabilty, and also some crossed positive 
relations (Kastornova et al., 2022), several cutting-edge researches point in the same 
direction (Alsyouf, 2020; Bian, 2009; Zhiming & Hai-ying, 2009; Gao, 2021; 
Zhang & Xia, 2021; Gomes, 2021; Guerra & Costa, 2018; Kadnár & Hrmo, 2010; 
Peters et al., 2020; Prins et al., 2008; Tang, 2021; Yunos et al., 2016).

13.4  Conclusions

The University promotes the sustainability of its citizens in a way that can be dis-
cussed as a form of cross-cutting computational issues and AI challenges with the 
help of optimization, machine learning, multi-agent reasoning, citizen science, and 
crowdsourcing.

The analysis of international experience in the use of digital technologies in the 
activities of educational institutions in foreign countries with high-quality education 
and analysis of international experience in the use of digital technologies in the 
management of general education educational institutions were tested in the follow-
ing countries: Australia, Singapore, Sweden, France, Russia, and the United States. 
The results show a promising path.

Admittedly, the education stage should take these concerns and bring teaching 
practices and course themes that deepen the discussion about a more sustainable 
world to the entire young generation.

Students and teachers, both at the level of formal education or formal construc-
tion, which promotes the use of useful and usable knowledge in the context and 
utilities of life, allow each of them to improve reality with natural reality, providing 
greater motivation to education for sociability, collaborative work and the promo-
tion of sustainable education, even in a context of strong technological innovation, 
for example, with the use of active methodologies, such as artificial intelligence. 
The approach for studying transformative learning for sustainable development pre-
sented in this paper calls for a multidisciplinary approach.

This paper has argued for moving beyond simplistic, win–win understandings of 
learning for sustainable development. To enable sustainable transformations of 
modern societies, we need a more elaborate understanding of learning; one which 
accounts for the institutional, social, and conflictual dimensions of learning. We 
need insights on how transformative learning could be managed. The approach out-
lined here constitutes an important step in such direction. It calls for transformative 
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learning rooted in disciplines across the natural and social sciences taking a holistic 
approach that acknowledges how power permeates differing notions of sustainabil-
ity across the world’s globalized societies. Learning for sustainable development is 
too important for anything less.
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14Exploring the Determinants of Social 
Entrepreneurship Intention

Fernando Almeida and José Milton de Sousa-Filho

14.1  Introduction

Entrepreneurship is a topic that has been the subject of intense study and research in 
recent decades. It is present both in the academic perspective and in the main politi-
cal, economic, and social discussions. According to Kumar and Raj (2019), entre-
preneurship is a factor of economic balance, contributing to innovation, generation 
of new companies, and increased dynamism in the market and in society. 
Entrepreneurship is also associated with risk, rupture, and paradigm shift (Marquez 
& Ortiz, 2021; Zhao, 2005). Young people are attracted to this type of business phi-
losophy in which they can propose innovative solutions and create value in a short 
period of time.

One of the areas of entrepreneurship that has gained great visibility due to its 
contribution to a more balanced and sustainable social development is social entre-
preneurship. Ruskin et  al. (2016) point out that an individual involved in social 
entrepreneurship is a person concerned with developing relationships of trust and 
respect with the community. In this sense, this individual is an actor who contributes 
to the sustainable development of that community. Therefore, social entrepreneur-
ship has as its main objective the involvement of local communities in a set of 
activities aimed at promoting their well-being and reducing the risk of harmful 
behaviors particularly in adverse situations such as unemployment, economic reces-
sion, or natural disasters (Barki et  al., 2015; Chell et  al., 2010; Dwivedi & 
Weerawardena, 2018).
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Studies conducted by Cohen et al. (2019) and Satar and Natasha (2019) seek to 
profile a social entrepreneur. The results allow us to understand some key factors 
such as the ability to take initiative, recognize opportunities, and take risks. Equally 
relevant is that the proposed solutions are low cost and high cost. The concern for 
the sustainability of the projects presented is also highlighted by Kamaludin et al. 
(2021). Individuals characterized as social entrepreneurs can also emerge in the 
context of a classical business framework (Hadad & Cantaragiu, 2017). These 
change agents can stimulate organizations to step out of their comfort zone and 
identify new lines of action outside their traditional area of action. This new para-
digm opens up new opportunities for both individuals and companies and currently 
represents one of the emerging trends in terms of sustainability.

This study looks at the role that higher education can play in the emergence of 
entrepreneurial individuals in the social area as recognized in Haugh and Talwar 
(2016) in which it is argued that education can play a relevant role in enhancing 
skills in individuals to understand the specificities of their communities and territo-
ries. Furthermore, Tran and Von Korflesch (2016) recognize the need to academi-
cally explore the entrepreneurial intentions of students in higher education and 
characterize the entrepreneurial potential of these individuals. In this regard, empir-
ical studies have emerged, like Hockerts (2018) and Naveed et  al. (2021), that 
explore how individual social entrepreneurship orientations and entrepreneurial 
education have contributed to the increased entrepreneurial intention of these stu-
dents. Despite the relevance of these studies, their replication potential for diverse 
student profiles is limited as they have difficulties in characterizing students’ entre-
preneurial intention in a sufficiently comprehensive way because their profile is 
very homogeneous and only focus on the creation of new social entrepreneurship 
projects at the individual level. In addition, it is also relevant to investigate the effect 
of other constructs in the model such as organizational and contextual factors that 
are equally relevant to characterize entrepreneurial intention (Ahadi & Kasraie, 
2020; Looi, 2020; Sansone et al., 2021). This study addresses this challenge and 
research gap and seeks to gauge entrepreneurial intention considering these three 
constructs. This research was conducted in the context of a higher education institu-
tion in Portugal, in which students attend an entrepreneurship course in the final 
year of their undergraduate degree in management and computer science. The het-
erogeneous and multidisciplinary profile of the students gathers unique characteris-
tics that allow exploring the entrepreneurial intention considering diversified 
characteristics of each student. The rest of this chapter is organized as follows: 
Initially, a theoretical contextualization is made about entrepreneurship teaching, 
also considering the specific case of social entrepreneurship. Next, the methodology 
adopted is presented. After that, the results of the study are analyzed and discussed 
considering the three main constructs of the model (i.e., individual, organizational, 
and contextual). Finally, the main conclusions of this work are highlighted and 
some suggestions for future work are given.
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14.2  Background

14.2.1  Entrepreneurial Education

The European Commission establishes in the New Skills Agenda for Europe (EC, 
2016) the need to promote entrepreneurship. This is a phenomenon still very much 
linked to the business view of the phenomenon in which the aim is to encourage the 
emergence of new startups. From this perspective, the focus is on turning ideas into 
viable and commercially successful businesses (Murdock & Varnes, 2018). 
However, this overly focused view on the emergence of new businesses does not 
always prioritize entrepreneurial education.

Entrepreneurship education should aspire to be more ambitious and develop fun-
damental marketable skills. Unequivocally the concept is related to launching an 
innovation in the market, but it is also equally fundamental to stimulate the develop-
ment of skills that are common to the entrepreneur. This view of entrepreneurship 
education is based on the idea that it is a constant learning process. There are several 
studies that build on this conceptualization of entrepreneurship teaching to explore 
its effects on students’ entrepreneurial intention (Amofah & Saladrigues, 2022; 
Kara et al., 2022; Passoni & Glavam, 2018; Sohu et al., 2022).

The entrepreneur must possess a diverse and harmonious set of knowledge, 
skills, and entrepreneurial attitude. From the knowledge perspective, the identifica-
tion of business opportunities that allow them to grow personally and professionally 
is fundamental (Clausen, 2020). Added to this element is the concern with business 
ethics (Harris et al., 2009). In terms of skills, proactive project management stands 
out in which it is essential to know how to organize, lead, delegate, and communi-
cate (Felix et al., 2019; Odewale et al., 2019). It is important to be able to handle the 
moments when the entrepreneur will be isolated but also to communicate and work 
in a team (Almeida & Devedzic, 2022). Finally, entrepreneurial attitude is charac-
terized as a set of characteristics assumed in personal, social, and work life (Farrukh 
et al., 2018).

In the literature it is further argued that entrepreneurship education aims to 
strengthen individuals’ abilities to see and exploit opportunities in an economic, 
cultural, and social context (Rusok et al., 2017). Therefore, entrepreneurship educa-
tion implies more than introducing new activities. It also implies the development 
of higher education institutions according to a maturity model proposed by Almeida 
and Amaral (2019). One of the key points is argued by Curtis et al. (2021) in which 
the adoption of active learning methodologies is advocated. In this model, one no 
longer looks exclusively at the direct transmission process from teaching to learn-
ing, but students are given a leading role in the learning process. Crisol-Moya et al. 
(2020) add that this teaching model encourages the academic community to develop 
the capacity to absorb content autonomously and participatively.
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14.2.2  The Specific Case of Social Entrepreneurial Education

Social entrepreneurship addresses the goal of building a better, fairer, and more bal-
anced society. As Mandrysz (2020) points out, the basic ideology of social entrepre-
neurship seeks to involve society in the search for transformative solutions. In 
practice, the social entrepreneur is responsible for creating their own businesses and 
seeking new resources. The social entrepreneur seeks to create organizations to fill 
social gaps that cannot be fully addressed by governments. At this level, Prim et al. 
(2019) highlight the role that collaborative networks can play in bringing the social 
entrepreneur’s initiatives to fruition. Here too, education emerges as a key element, 
as skills related to soft skills are relevant elements in establishing these networks 
(Klyver & Arenius, 2020).

Innovation is an indispensable element in social entrepreneurship since the proj-
ects developed in this area project significant changes in the society where it is 
implemented (Bataglin & Kruglianskas, 2022; Boughzala, 2021). Innovation, both 
from the perspective of products and services, stems from the search for methodolo-
gies that seek to find solutions to social problems, and the measure of success of 
these initiatives can be given by the impact caused in society. Entrepreneurship 
education can also play a relevant role here by providing methodologies for an indi-
vidual to identify different ways to change the living conditions of the less privi-
leged in society.

Qualifying an individual and securing decent employment are conditions of great 
relevance in combating poverty and social exclusion (Halleröd & Larsson, 2008; 
Pohlan, 2019). This is a challenge that cannot be addressed exclusively by govern-
ments but must call for the participation of other entities. In this context, higher 
education institutions can play a relevant role in entrepreneurship education by pro-
moting the development of skills and methodologies that allow students to become 
more entrepreneurial, and that these projects have a strong impact on the develop-
ment and transformation of society.

Social entrepreneurship education is also an element that can play a relevant role 
in promoting education with sustainability concerns as argued in the studies by 
Ashari et  al. (2022) and Del Vecchio et  al. (2021). Social entrepreneurship is 
strongly related to the idea of inclusive and sustainable development by simultane-
ously looking at the development needs of societies while considering the limits of 
the planet. The conjunction of both factors is fundamental for societies to develop 
in harmony and respect local communities (Esteves et al., 2021).

14.3  Data and Methods

The data for this study were obtained from students taking an entrepreneurship 
course in higher education. This course is part of the BSc in Computer Science 
and the BSc. in Management which allows us to include in this sample a relatively 
broad and rich student profile. The objective of this course was to formulate new 
business projects in the field of social entrepreneurship. The course includes the 
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phases from the ideation of a new business to the formulation of a business plan, 
which includes a financial plan that aims to ensure the viability and sustainability 
of each business. The students were divided into working groups of four to six 
students from both courses. We sought to include students from both courses in 
each group to strengthen interdisciplinarity among the students. The quantitative 
data regarding entrepreneurial intention was obtained from a survey that received 
a total of 177 valid responses. A response is valid when at least 50% of the survey 
is filled out.

The structure of the survey can be seen in Table 14.1. A total of four constructs 
were considered: (i) control variables with sociodemographic information on the 
respondents’ profile; (ii) individual with dimensions related to the characteristics of 
each respondent; (iii) organizational with information on the characteristics of 
entrepreneurship support programs and means of support for this activity; and (iv) 
contextual with information on the context in which the entrepreneurial activity 
takes place. The first construct works only as an element to collect socio- demographic 
information about the students. The other three constructs were defined based on 
studies by Mair and Noboa (2006), Hockerts (2017), Prieto et al. (2012), and Dobele 
(2016), in which an individual’s entrepreneurial intentions arise from the interaction 
between individual, organizational, and contextual factors.

Data analysis was performed using descriptive statistical analysis and correla-
tional analysis using Excel 365 and SPSS v.21. The descriptive analysis aims to 
synthesize the analysis of a large number of values of similar nature, which allows 
for an overview of the behavior and variation of these values. The correlational 
analysis complements the previous analysis and aims to understand the analysis of 
sample data to find out how two or more variables are relational (Reid, 2013). 
Parametric correlation and nonparametric correlation were used in the correlational 
analysis.

14.4  Results and Discussion

14.4.1  Individual Construct

Table 14.2 presents the statistical descriptive analysis and correlational analysis of 
the dimensions of this construct. The descriptive analysis is given by calculating the 
mean, median (med), and standard deviation (SD); while the correlational analysis 
determines the value of the Pearson coefficient (Pr), Kendall tau_b coefficient (Kr), 
and Spearmam rho coefficient (Sr). The representation of the relative importance of 
each dimension is presented in Fig. 14.1. The findings show that empathy, moral 
obligation, and self-efficacy are dimensions those students consider very relevant to 
social entrepreneurship. The pentagonal pyramid in Fig. 14.1 highlights this occur-
rence. The correlation between the dimensions of the construct and entrepreneurial 
intention is weak with all values below 0.30. Thus, despite the relative importance 
given to these three dimensions, they do not stand alone as good variables for esti-
mating students’ entrepreneurial intention.
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Table 14.1 Survey’s structure

Construct Dimension Proposition
Control Age

Gender
Working 
experience
Experience in 
volunteer activities

More than 18 (intervals of 5).
Masculine or feminine.
Without professional experience of more than 3 years.
Not at all, once or twice, 4–5 times, and 6 or more times. 
Reference period of last 6 months.

Individual Empathy
Moral obligation
Self-efficacy
Perceived social 
support
Prior experience

When thinking about socially disadvantaged people. I 
try to put myself in their shoes.
Seeing socially disadvantaged people triggers an 
emotional response in me.
I feel compassion for socially marginalized people.
It is an ethical responsibility to help people less 
fortunate than ourselves.
We are morally obliged to help socially disadvantaged 
people.
Social justice requires that we help those who are less 
fortunate than ourselves.
It is one of the principles of our society that we should 
help socially disadvantaged people.
I am convinced that I personally can contribute to 
address societal challenges if I put my mind to it.
I could figure out a way to help solve the problems that 
society faces.
Solving societal problems is something each of us can 
contribute to.
People would support me if I wanted to start an 
organization to help socially marginalized people.
If I planned to address a significant societal problem 
people would back me up.
It is possible to attract investors for an organization that 
wants to solve social problems.
I have some experience working with social problems.
I have volunteered or otherwise worked with social 
organizations.
I know a lot about social organizations.

(continued)
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Table 14.1 (continued)

Construct Dimension Proposition
Organizational Curriculum

Critical pedagogy
Mentor
Social network

The curriculum offers specific courses for the 
development of entrepreneurial skills.
The course addresses the topic of creating a new 
business plan.
The course encourages the generation of business ideas 
with strong social impact.
Throughout the course, issues of social exclusion were 
addressed.
Minorities are included in the pedagogical process.
Creativity aligned with responsible attitudes is 
encouraged in teaching entrepreneurship.
The mentors have experience in teaching 
entrepreneurship
The mentors have already developed entrepreneurial 
projects
The mentors are involved in projects to fight social 
exclusion
External elements are involved (e.g., successful 
entrepreneurs, social entrepreneurs, and venture 
capitalists) in conducting workshops and seminars.
Social networks are established with entities in the social 
sector.
The development of social networks involving minorities 
is promoted.

Contextual Political
Economic
Social
Technological

There is legal recognition of social entrepreneurship.
Government authorities support social entrepreneurship 
activities.
Political stability promotes continuous support for social 
entrepreneurship activities.
External funds are available to support social 
entrepreneurship activities.
There are tax incentives for social entrepreneurial 
activity.
There are economic benefits for companies that engage 
in social support activities.
Access to credit is facilitated for social entrepreneurial 
activity.
Activities promoting social entrepreneurship are easily 
accessible.
Cultural norms and values are aligned with social 
entrepreneurship practices.
There are entities and associations formed to support 
social entrepreneurship.
There is collaboration among the various stakeholders.
R&D activity aims to promote social inclusion.
Innovative technology-based practices are included in 
social entrepreneurship.
Intellectual property issues do not restrict the emergence 
and development of social innovation.
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Table 14.2 Statistical analysis for the “individual” construct

Dimension Mean Med SD Pr Kr Sr
Empathy 4.82 5 0.341 0.261 0.208 0.237
Moral obligation 4.89 5 0.274 0.255 0.197 0.221
Self-efficacy 4.49 4.67 0.594 0.173 0.139 0.170
Perceived social support 3.74 3.67 0.528 0.145 0.100 0.128
Prior experience 3.38 3.33 0.585 0.215 0.100 0.128
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Fig. 14.1 Relative importance of the dimensions of the “individual” construct

The motivations of the individual to become a social entrepreneur represent a 
relevant bridge to understand the path between intention and action. As Santoso and 
Oetomo (2018) recognize, motivation plays an important role in the creation of new 
organizations since it influences decision making. In the analysis of individual fac-
tors that explain entrepreneurial intention, the push/pull theory proposed by Gilad 
and Levine (1986) stands out. This conceptual model argues that individuals are 
pushed toward entrepreneurship by external push factors (e.g., performance, 
divorce) and by pull factors that result from the characteristics of each person (e.g., 
self-realization, search for independence). Intrinsic motivation refers to personal 
interest in the entrepreneurial task, while extrinsic motivation is related to an exter-
nal reward that follows a certain behavior. Accordingly, it was concluded that the 
intrinsic motivations of the individual in starting a new social entrepreneurship busi-
ness are determining elements. This conclusion is also in line with the evidence 
provided by the study developed by Segal et al. (2005) in which it is evidenced that 
pull factors are more prevalent than push factors and, in addition, entrepreneurs 
motivated by pull factors are more likely to succeed in their businesses.
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14.4.2  Organizational Construct

Table 14.3 and Fig. 14.2 present a similar statistical analysis but considering the 
organizational construct. The findings reveal that the curriculum is built to offer a 
specialized training course in entrepreneurship. This is an element that is widely 
recognized by the students as also shown by the lower SD value compared to the 
other dimensions. However, the three correlation coefficients are practically null 
and even slightly negative, which indicates that the curriculum is not a determining 
element for increasing entrepreneurial intention. The other dimensions also point in 
the same direction. However, the social network is the one that shows a slightly 
higher correlation, which indicates that it is an area that can enhance the increase of 
entrepreneurial intention among some students, although it is not a finding that can 
be generalized to the entire community.

The organizational environment in which entrepreneurial activity takes place is 
recognized by Turro et  al. (2014) as an influential element of entrepreneurial 

Table 14.3 Statistical analysis for the “organizational” construct

Dimension Mean Med SD Pr Kr Sr
Curriculum 4.61 4.33 0.345 −0.011 −0.022 −0.026
Critical pedagogy 4.14 4.33 0.543 0.107 0.082 0.101
Mentor 3.69 3.33 0.508 0.172 0.136 0.158
Social network 3.94 4.33 0.615 0.364 0.238 0.281
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Fig. 14.2 Relative importance of the dimensions of the “organizational” construct
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intention. In a higher education institution, the organizational context is related to 
the existing policies to support entrepreneurship initiatives launched by students 
and faculty. As Wright et al. (2004) point out, an entrepreneurial university facili-
tates technology dissemination and transfer. This view is also confirmed by 
Etzkowitz et al. (2021) when they indicate that one of the main characteristics of an 
entrepreneurial university is its strong connection with the market and industry, 
which simplifies the practical application of research conducted and knowledge 
acquired in the classroom. This knowledge regarding entrepreneurial practice can 
be embedded in the course curriculum. The students participating in this study high-
lighted the two components regarding curriculum and critical pedagogy. The social 
network is an element that also emerges as important for social entrepreneurship. It 
is noted that research in the field of entrepreneurship has shifted its focus from the 
individual behaviors of entrepreneurs to a more general understanding of the social 
dynamics of entrepreneurship (de Bruin et al., 2017). The social network emerges 
as an important element for entrepreneurs to expand their field and gain access to 
other people’s resources. The literature in this area, highlighting the studies carried 
out by Chen et al. (2018) and Moghaddam et al. (2018), points out that entrepre-
neurial social networks are determining elements in the characterization of the 
intention to start a new business and its organizational performance. Therefore, the 
growth and sustainability of these businesses depend on them. This study confirms 
the importance given to it by students but does not allow us to conclude that in isola-
tion it is a factor that increases entrepreneurial intention.

14.4.3  Contextual Construct

Finally, Table 14.4 and Fig. 14.3 present the statistical analysis considering the con-
textual construct. The social dimension clearly stands out from the other dimensions 
of this construct with a mean of 4.35 and a median of 4.50. The square pyramid in 
Fig.  14.3 is consequently quite asymmetric and extends over this dimension. 
However, it is also the one with the highest variability of responses considering the 
value of the standard deviation. Nevertheless, the correlation between this dimen-
sion and entrepreneurial intention is higher than all other dimensions regardless of 
the construct. Following the interpretation given by Reid (2013), which stipulates 
that a correlation coefficient is moderate between 0.40 and 0.60, then we can con-
clude that this is the only construct that presents a moderate correlation. It is also 
noteworthy that the political, economic, and technological dimensions appear to 

Table 14.4 Statistical analysis for the “contextual” construct

Dimension Mean Med SD Pr Kr Sr
Political 2.93 3.00 0.452 0.234 0.178 0.214
Economic 2.24 2.25 0.577 0.218 0.085 0.106
Social 4.35 4.50 0.702 0.454 0.330 0.392
Technological 2.74 3.00 0.636 0.166 0.082 0.100
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Fig. 14.3 Relative importance of the dimensions of the “contextual” construct

have much less relevance for the launch of new social entrepreneurship projects 
when compared to the social dimension. It can also be concluded considering the 
three constructs that the parametric correlation is more significant than the nonpara-
metric one, which indicates that the students’ perception of each dimension is sig-
nificant in the interpretation of the results. On the other hand, the economic 
dimension, which included answers such as financial support and access to credit, is 
the least relevant.

Despite the importance of individual and organizational characteristics in the 
entrepreneurial process, it is assumed that entrepreneurship is not only the result of 
these two constructs. There are also external contextual factors that play an equally 
relevant role in the entrepreneurship process, such as the political, economic, social, 
and technological dimensions. Nevertheless, the findings indicate that the social 
dimension is clearly more relevant for social entrepreneurial activity than the 
other dimensions. This dimension includes elements related to the promotion of 
social entrepreneurship activities, the alignment of cultural norms with social 
entrepreneurship, the existence of entities and associations that support this type 
of activity, and collaboration among the various stakeholders. In the literature, 
there are studies that mainly highlight the role of cultural norms in social entre-
preneurship activity (Emami & Khajeheian, 2019) and the role that associations 
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(Defourny & Nyssens, 2010) can play in promoting social entrepreneurship. These 
new forms of organization and social intervention have assumed an emerging field 
in political and scientific agendas on an international scale, in which their economic 
and social role is recognized and offers a set of new proposals and practices. In this 
area in Portugal, we highlight the role of several associations such as the Portuguese 
Association for Innovation and Social and Digital Entrepreneurship (AI9) and the 
Association for Citizenship, Entrepreneurship, Gender and Social Innovation 
(ACEGIS). These associations aim to actively intervene in building a democratic 
society founded on the ethical principles of equality, freedom, solidarity, participa-
tion, and diversity. This type of intervention is characterized by a change of para-
digm and intervention models that foster economic and social prosperity, in a logic 
of global and articulated intervention with people, companies, and public entities 
and organizations of the social and solidarity economy (Kamaludin et al., 2021). 
Therefore, training programs in social entrepreneurship may benefit from a greater 
articulation with these associations that can locally identify relevant social causes.

14.5  Conclusions

Knowing how people think and act in an entrepreneurial way has become an impor-
tant issue for researchers and other policymakers and educators with the objective 
of knowing and supporting entrepreneurial activities. Entrepreneurship has been 
investigated on how to create new businesses with financial purposes, but also the 
creation of new projects to mitigate social imbalances and support the underprivi-
leged classes. These social businesses adopt a model that proposes transformation 
and social and environmental improvement in a sustainable way.

This study allows understanding of the relative importance of the constructs 
related to the individual, organizational, and contextual components for entrepre-
neurial activity. The individual and organizational factors appear to be more inte-
grated in the social entrepreneurship process than the contextual factors, with the 
specific exception of the social dimension, which has a remarkable importance. 
Factors like curriculum specifically designed for social project development are 
highlighted positively by students but then have no impact on entrepreneurial inten-
tion. It is also highlighted that the social component is the only factor that shows a 
moderate correlation with entrepreneurial intention. The other dimensions of the 
model in isolation have a low and not very significant correlation.

This work offers relevant contributions to understanding the phenomenon of 
social entrepreneurship in higher education. From a conceptual perspective, it was 
possible to assess the relative importance of each dimension of the model and 
understand its isolated impact on entrepreneurial intention. However, the various 
dimensions of the model were not grouped together, which does not allow us to 
conclude on the impact of each construct. In this sense, and as future work, it is 
necessary to investigate using the structural equations method to understand this 
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phenomenon. This approach would allow us to explore the correlation between the 
1st and 2nd order constructs. From a practical perspective, the outcomes of this 
study are relevant for educational institutions to define support structures to foster 
entrepreneurial intention. The findings of this study highlight the role of the social 
dimension, which means that the involvement of external social stakeholders can be 
a determining element for increasing entrepreneurial intention. In addition, this 
would allow students to know the needs of their community and also improve their 
network of contacts. In future work, it is also suggested to build social entrepreneur-
ship training programs that can integrate these stakeholders in training programs 
that should not only be focused on curriculum design.
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15Private Agricultural Insurance and Its 
Current Adhesion by Rural Producers: 
A Partial Analysis in Paraná State

Thaís Martha Welter de Moura 
and Fabricio Pelloso Piurcosky

15.1  Introduction

It is well known that Brazilian agribusiness is extremely important, both internally, 
such as the contribution of 20.4%, 26.4%, and 27.4% of the country’s Gross 
Domestic Product (GDP) in the years 2019–2021, respectively, according to data 
from the Centre for Advanced Studies in Applied Economics (CEPEA) and the 
National Confederation of Agriculture and Livestock (CNA) (n.d.), and externally, 
by promoting the supply of food product, raw materials, and energy to several 
countries.

Analyzing agribusiness only from an internal perspective, sometimes the agri-
cultural sector can be the main regional economic activity, from which it can be 
concluded that any damage suffered by it indirectly affects other sectors of the econ-
omy, such as commerce and industry, and may affect the economy as a whole if the 
effect of an eventual accident persists for a few years.

And, specifically regarding agriculture, it is a vulnerable activity, dependent on a 
series of climatic events that are out of the producer’s control and difficult to antici-
pate, among which are frost, excessive rain, hail, drought, and biological agents, 
which can lead to a reduction and even loss of agricultural productivity, which 
directly impacts the availability of food for the general population.

Contextualizing, in the 2021/2022 harvest, there was a severe drought in the 
states of Parana, Santa Catarina, Rio Grande do Sul, Mato Grosso do Sul, and Sao 
Paulo, resulting in losses of up to 70% (seventy percent) of production. Such 
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damage could have been minimized with the previous contracting of agricultural 
insurance by the rural producer, the main mechanism for mitigating the risk of bad 
weather.

The present study has as its object the optional private agricultural insurance, 
which guarantees the investment made in the rural property; the adhesion rates to 
the agricultural insurance contract, whether they are in decline, stability, or rise; and 
the reasons why they are so, giving special attention to Parana State.

15.2  Development

Agricultural insurance consists of a contract whereby, through the payment of the 
premium by the insured – in this case, the farmer, the insurance company under-
takes to indemnify him for any damage that may be verified, mainly resulting from 
meteorological phenomena. According to the Superintendence of Private Insurance 
(SUSEP)  (n.d.), aforementioned insurance covers the life of the plant, from its 
emergence to harvest, protecting the rural producer against risks such as fire, light-
ning, waterspout, strong wind, frost, hail, excessive rain, drought, and extreme tem-
perature variation.

Through agricultural insurance, the growth and development of agriculture can 
be encouraged, with an increase in the technological standard and productivity, 
expanding the cultivated area, since the risks of production are reduced. In addition, 
it maintains investment stability and the sector’s competitiveness, even if there is a 
loss of capital or crop failure, reducing the uncertainty existing in rural activity and 
the need to create cash reserves. It also helps to generate jobs.

Although the importance of agricultural insurance is recognized by the rural pro-
ducer, some factors prevent its adhesion to be broader, highlighting the following, 
pointed out by Santos (2017): (a) high price – the smaller number of policyholders 
prevents the decrease in value of the premiums charged, because only producers in 
high-risk regions or who cultivate more sensitive crops, such as off-season corn and 
wheat, are willing to take out insurance; (b) absence of an insurance culture, once it 
is understood as a part of the cost, and not as an investment against future losses; (c) 
restricted territorial coverage; and (d) lack of innovative products that attract the 
farmer’s attention. Added to these is the possibility of debt restructuring, sometimes 
assisted by the Federal Government after the occurrence of adverse phenomena, as 
well indicated by Ozaki (2007), with probable forgiveness of part of the amount due.

Regarding the amount needed to subscribe to agricultural insurance, the Rural 
Insurance Premium Subsidy Program (PSR), created by Law no. 10.823/2003, 
whose operation began at the end of 2005, helped to reduce the amounts charged 
until then. The mentioned program consists of financial support from the Federal 
Government to rural producers who contract this type of insurance, bearing part of 
the cost of its acquisition, which, from 2022, consists of a fixed level of 40% (forty 
percent) for all crops and/or activities, except for soybean, whose percentage 
remains at 20% (twenty percent), observing the individual financial limit of R$ 
60,000 (sixty thousand reais) per group of activities, limited to the total of R$ 
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120,000 (one hundred and twenty thousand reais) each calendar year, according to 
information from the Ministry of Agriculture, Livestock and Supply (2022).

In order to obtain the subsidy in question, it is essential that the rural producer in 
compliance with the Federal Government and that the Agricultural Zoning of 
Climate Risk (ZARC) is observed, which consists of guidelines from the Ministry 
of Agriculture, Livestock, and Supply on the sowing periods by municipality, crop 
and soil type, identifying the best time for planting crops, with a reduction in acci-
dent rates.

It should be noted that, although the Agricultural Zoning of Climate Risk (ZARC) 
guidelines do not consider climatic effects such as El Niño, according to Buainain 
et al. (2008), their results have been so positive, with up to 80% (eighty percent) of 
a guarantee of success, that some farmers dispense with taking out agricultural 
insurance, considering the credibility of the system (Assad et al., 2005).

With the subsidy, which can be federal, state, and municipal at the same time, 
there is the sharing of the cost of agricultural insurance with the state entity and the 
consequent reduction of expenses related to it, which leads to an increase in its offer 
and, given the higher prices affordable, of its demand.

In practice, there has already been an increase in the agricultural insurance mar-
ket, which has been growing in Brazil since the beginning of the Rural Insurance 
Premium Subsidy Program (PSR) at the end of 2005 (Miquelluti et al., 2022).

However, this growth has been verified specifically in the South, Southeast, and 
Central-West regions, due to the greater exposure to the risk of weather conditions, 
especially in the South region, which is most affected by these climatic events, 
which leads to constant falls in crops, allied to the culture of insurance that rural 
producers have and the greater presence of insurance companies, among other 
reasons.

This information is corroborated by the fact that Parana is the state that contracts 
the most rural insurance in Brazil, accounting for, on average, 38% (thirty-eight 
percent) of total contracts (Gestão…, 2022).

In the North and Northeast regions, as weather conditions are, as a rule, more 
regular and policy prices are high, there is a low adherence to agricultural insurance.

In general, from January to August 2021, there was a 43% (forty-three percent) 
increase in rural insurance, according to information from the National Confederation 
of General Insurance Companies (Bueno, 2021).

Furthermore, “According to Mapa, more insurers were qualified to operate in the 
PSR, reaching 18 companies in 2022. At the same pace, the number of experts prac-
tically doubled in three years, totaling 1,178 professionals” (Gestão…, 2022).

Advancing the issue of the absence of an insurance culture, it should be noted 
that 15.45% (fifteen point forty-five percent) of rural producers submitted to the 
2017 agricultural census never attended school, which allows us to assume that, 
even if the most may have been informally literate, there might be some difficulty in 
understanding agricultural insurance, its terms, and conditions (Brazilian Institute 
of Geography and Statistics (IBGE) (n.d.)).

Agricultural insurance should be understood by the farmer, according to Silva 
(2008, p.  50), “as a basic input for the business, as well as seeds, fertilizers, 
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pesticides, limestone, animal feed, among many others,” with large-scale contract-
ing, before the start of the harvest, behold, it is in that soil, vulnerable to weather 
conditions, that it is depositing its investments (Aos leitores…, 2022).

It is equally important for rural producers to be aware that “the risks of unsuc-
cessful harvests can even make certain crops unfeasible, or else, as a way of reduc-
ing costs, lead to the perpetuation of rudimentary and backward technologies” 
(Ferreira & Ferreira, 2009).

Considering that private agricultural insurance in Brazil is incipient, with greater 
prominence after the implementation of the Rural Insurance Premium Subsidy 
Program (PSR) in 2005, as stated elsewhere, it is worth analyzing the conduct 
adopted in the world, especially by the United States and Spain, considered as the 
countries whose rural insurance market is among the most developed.

15.2.1  Rural Insurance Worldwide

Rural insurance has been existing for over 80 (eighty) years in the United States, 
and its government subsidy program, started in 1981, allows the reduction of costs 
for rural producers by up to 100% (one hundred percent) in cases of catastrophe 
coverage (Ferreira & Ferreira, 2009). Even the operational and administrative cost 
of insurance companies is subsidized by the government, not limited to the value of 
the insurance premium (Medeiros, 2013).

The government subsidy extends to reinsurance, carried out by the public entity 
and to whom the risk is transferred, thus allowing insurers to operate in risk areas in 
which they would not normally offer insurance (Ferreira & Ferreira, 2009).

According to Buainain et al. (2008), “In the USA, despite the reduction in the 
perception of risk that public participation can generate, the monitoring mecha-
nisms are exacerbated, and the rural producer responds with his patrimony in case 
of opportunism.”

It can be seen that in that country up to 70% (seventy percent) of its production 
is insured, with emphasis on large producers, with a high level of education and well 
capitalized, with the great exclusion of low-income, small-scale producers with spe-
cialty products in adhering to agricultural insurance (Fornazier et al., 2014).

On the one hand, in Spain, where agricultural insurance in its current form has 
approximately 38 (thirty-eight) years of existence, according to Ozaki (2006 as 
cited in Ozaki, 2007), we can see the same picture of a strong public sector subsidy 
on the awards, differing from the United States because it also uses the assistance of 
autonomous institutions (Buainain et  al., 2008). Thus, there is a public–private 
model, in which insurers come together in a “pool” to reduce administrative and 
operational expenses, as well as to share risks.

Spanish agricultural insurance covers all types of crops, and all rural producers 
have access to it, in all regions of the country, respecting the norms and conditions 
of interest of agricultural policy (Buainain et al., 2008).

In Canada, agricultural insurance has the great differential of aiming at stabiliz-
ing the income of the farmer as a whole. There is a government subsidy, with costs 
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being shared between the federal government, the province, and the producer. 
However, state participation has been gradually decreasing, with a greater insertion 
of the rural producer (Ferreira & Ferreira, 2009).

According to Fusco et al. (2018), in Italy the adherence to agricultural insurance 
is still low despite significant subsidies in agricultural insurance premiums, pointing 
to the need to increase rural producers’ information about the usefulness of this 
instrument.

For comparative purposes, it is necessary to present data from Ghana, a develop-
ing country (Freire, 2020). According to Adarkwah et al. (2021), in general terms, 
access to and acceptance of agricultural insurance by small producers is low, 
although the vast majority understand its importance as an effective instrument to 
deal with agricultural risks. The obstacles to adhering to agricultural insurance in 
that country lie in the lack of knowledge about existing products, the lack of agri-
cultural insurance in the areas where rural properties are located, the high costs and 
the lack of knowledge about how insurance policy works. It was also found that the 
contracting of agricultural insurance is greater and faster among rural producers 
with a higher educational level.

Finally, in Europe, there is a movement to create an agricultural insurance pro-
gram for the entire European Union, with indications that a public–private partner-
ship will be adopted. To this end, it is important to note that member countries 
differ, either because of the different types of climate risks they face, or because of 
their cultural, political, and historical diversity, or because of the time they joined 
the European Union, or because of the number of risks covered for crops, which, as 
a rule, is limited, except for Spain, Greece, and Italy, which have developed more 
comprehensive insurance policies (Van Asseldonk et al., 2018).

15.3  Materials and Methods

To collect data from the study under examination, bibliographic research and docu-
mentary research were carried out, with emphasis on data obtained from websites of 
official bodies, as well as field research. The field research was divided into two 
moments: first, an interview was carried out, on March 30, 2022, with the agrono-
mist Fernando Welter de Moura, and, later, from April 6 to April 16, 2022, a ques-
tionnaire was presented, with open answers, to 11 (eleven) rural producers.

15.4  Results and Discussion

15.4.1  Interview

In the interview conducted, information was obtained that, because they are crops 
more sensitive to climatic events and subject to greater risk, with an accident at the 
level of 80% (eighty percent), wheat and off-season corn crop have about 95% 
(ninety-five percent) of the crop insured, being known to the interviewee that some 
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rural producers do not even venture to plant such crops if they are not guaranteed by 
insurance.

According to him, the soybean crop has a normally low risk of loss of 20% 
(twenty percent), hence the demand for insurance ends up being minimal. However, 
due to the atypical scenario of the drought in the 2021/2022 crop, which signifi-
cantly affected the soybean harvest, rural producers are more accepting of the idea 
of contracting private agricultural insurance, with a change in position regarding the 
adhesion of this type of insurance, even by the elderly. In other words, a shift in 
insurance culture is taking place.

In addition, he informs that the company he works for, which sells agricultural 
inputs, has a partnership with an insurance broker; it is up to agronomists to fill in 
the farmer client’s data and send them to the insurance company, so that the entire 
crop is insured. It is, according to him, the so-called invoicing insurance, a way of 
expanding the reach of this instrument that guarantees the investments made.

Through this approach, at least two of the problems that prevent the expansion of 
agricultural insurance in Brazil are minimized, namely, the absence of an insurance 
culture and the restricted territorial coverage. In this case, the agronomist, in con-
versation with the rural producer, explains to him about the existence of agricultural 
insurance in the region of the rural property and the benefits arising from contract-
ing the insurance.

15.4.2  Questionnaire

On the other hand, a survey was carried out by a questionnaire, answered by 11 
(eleven) rural producers, with properties between 10 (ten) and 1000 (one thousand) 
“alqueires,”1 all in Parana State, more specifically in the Central-Eastern, West and 
Central North regions of the state (Secretary of Education and Sports).

Most respondents  – 27.3% (twenty-seven point three percent)  – have been 
engaged in rural activity for about 50 (fifty) years, followed by those who have been 
engaged in rural activity for 30 (thirty) years – 18.2% (eighteen point two percent) 
(Fig. 15.1).

Among those surveyed, the vast majority (81.8%) see an advantage in using 
agricultural insurance, while 9.1% (nine point one percent) understand that the 
advantage is partial and 9.1% (nine point one percent) do not see the advantage in 
its use (Fig. 15.2).

Regarding the 11 (eleven) surveyed, only 02 (two) do not have insurance, one 
because understands it is unnecessary, since it has its resources, and another because 
of the price and coverage, with the record of 01 (one) rural producer who has only 
part of the current insured crop (Fig. 15.3).

The type of insurance used, currently or in the past, is or was private, with the 
register of the use of Proagro, as illustrated in Fig. 15.4.

1 1 “alqueire” = 2.42 hectares.
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Fig. 15.1 Time spent in rural activity. (Source: Author)

Fig. 15.2 Advantage in agricultural insurance. (Source: Author)

Furthermore, the insurance coverage, past or present, in 54.5% (fifty-four point 
five percent) of the cases covers only the financing obtained from the banking insti-
tution, considering that 45.5% (forty-five point five percent) remaining are intended 
to guarantee the activity of the rural producer (Fig. 15.5).

Regarding insured crops, it’s been noticed the constantly taken out for wheat and 
corn, with emphasis on the latter crop, which, as it has been adapted to produce 
between summer and winter crops, is more subject to claims, as informed by the 
interviewee (Fig. 15.6).

Finally, the biggest motivator for the purchase of agricultural insurance by the 
surveyed rural producers was the climate, which can also be included in the topic 
“activity risks” (Fig. 15.7).
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Fig. 15.3 Current insured crop. (Source: Author)

Fig. 15.4 Type of insurance used. (Source: The author 2022)

Both the interview and the questionnaire corroborated, considering only Parana 
State, the following information brought by the theoretical reference research: (a) 
the climate is the most important factor that leads rural producers to adhere to agri-
cultural insurance; (b) there is a change in the thinking of farmers, who are begin-
ning to understand the usefulness of the aforementioned insurance in their activity; 
and (c) the agricultural insurance market has been increasing year by year.
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Fig. 15.5 Insurance coverage. (Source: Author)

Fig. 15.6 Cultures in which insurance was used. (Source: Author)

15.5  Conclusions

Considering the importance presented by agribusiness in Brazil, as it accounts for 
27.4% (twenty-seven point four percent) of the country’s Gross Domestic Product 
(GDP) in 2021, plus its role as a food provider, raw material, and energy, sometimes 
exported, and considering its vulnerability to the climate, which depends on it to 
obtain high productivity and, as a corollary, profitability, the use of agricultural 
insurance as an instrument to guarantee the high investments made by rural produc-
ers is increasingly shown most essential.
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Fig. 15.7 Reasons that led to the acquisition of agricultural insurance. (Source: Author)

With this, we sought to study the rates of adherence to the agricultural insurance 
contract, noticing, either through the analysis of the theoretical framework or 
through field research, that they have been increasing over time, especially due to 
the existence of the Rural Insurance Premium Subsidy Program (PSR), which 
allows a reduction in the cost of the insurance policy, thanks to state intervention, as 
well as due to the series of climatic variations that the country has been going 
through recently, especially Parana State, the object of the present study.

From the analysis of the field research, it was also found that the high cost 
remains one of the impeding factors for adhering to agricultural insurance, having 
also pointed out the need of offer, by the market, and of a product with better cover-
age. It should be noted that, as only rural producers in Parana State were analyzed, 
there were no obstacles regarding access to agricultural insurance, which does not 
mean that this is the reality throughout the country, whose regional differences are 
evident.

Private agricultural insurance is a product that has recently entered the Brazilian 
market. And, despite the problems encountered, it is concluded that, with govern-
ment assistance, through subsidy to the premium, following in the footsteps of 
countries where this type of insurance has been implemented for decades, it’s been 
noticing a behavioral change by the farmers, more willing to take out agricultural 
insurance.

We understand that, through agricultural insurance, an agricultural policy instru-
ment provided for in Article 187, item V, of the Federal Constitution, Brazilian 
agribusiness can be strengthened even more, mitigating eventual investment losses 
arising mainly from extreme weather events that occur particularly in the South of 
the country.

We believe that this chapter is of value to insurance companies that have agricul-
tural insurance in their portfolio or that intend to implement it, to companies that 
resell agricultural inputs, since it is possible for them to intermediate the contracting 
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of agricultural insurance with a view to guarantee payment for the products it sells, 
as well as for rural producers, by providing them an idea of the current situation of 
the referred insurance in part of Parana State.

Finally, it must be considered that the study on agricultural insurance deserves to 
continue, given the recent and not yet consolidated change in the insurance culture 
by the rural producer, and it is interesting to examine their future behavior and their 
consequent satisfaction or not with agricultural insurance products available on the 
market. Still, research that analyzes past experiences and what their impact is on 
future contracts, whether for those who are users of this means of mitigating losses, 
or for those who are not yet, considering other states of the federation, including, 
turns out to be equally interesting.
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16Integrating Sustainability into 
Decision- Making: An Analysis 
of Different Types of Management 
Control Systems

Anna Katharina Meyer, Barbara E. Weißenberger, 
and Andrew Isaak

16.1  Introduction

In order to meet the grand challenges of climate change and resource scarcity, the 
private sector must not only play a less harmful role but be proactively supportive 
and contribute to solutions (Schaltegger, 2018). Here, an orientation toward abso-
lute sustainability, which refers to taking the global and local environmental capaci-
ties into account, is not yet widely applied but is considered highly relevant by 
scholars who have empirically examined its implementation (Bjørn et  al., 2020; 
Dahm, 2019).

Simultaneously, reporting on environmental, social, and governmental aspects of 
sustainability has rapidly increased in importance, and environmental boundaries 
are frequently referenced (Bjørn et al., 2016). Enhancements in reporting, though, 
are not tantamount with changes in accounting and decision-making practices. 
While researchers ask for further research on how companies can incorporate abso-
lute sustainability, it remains unclear how sustainability makes its’ way into their 
management accounting and control practices. The aim of this study is to answer the 
research question on how sustainability is incorporated into managerial decision- 
making and control today and which adjustments would facilitate further integra-
tion of sustainability.

By qualitatively exploring and analyzing the levers of control for sustainability 
as well as key factors involved in transformational management in the context of 
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firm’s investment decisions, this study contributes to the literature on management 
control systems, leadership, and sustainability. In particular, the results highlight the 
interplay between the levers of control framework and transformational leadership.

16.2  Theoretical Background

16.2.1  Management Control Theory

The widely adopted Levers of Control (LOC) framework, developed by Simons 
(1994, 1995), includes four essential components: belief systems, boundary sys-
tems, diagnostic control systems, and interactive control systems. Belief systems 
are those that establish, communicate, and reinforce the basic values and direction 
of an organization, while boundary systems establish limits for decision-making. 
Diagnostic control systems are used to compare current performance against tar-
gets. Finally, interactive control systems are those which focus on dialogue between 
the top management team and lower-level staff members. We examine evidence on 
which role the different types of control are playing to foster the integration of sus-
tainability into management practices.

16.2.2  Transformational Management

The concept of transformational leadership (or management) was originally coined 
by Burns (1978) and further extended by the works of Bass (1999). It is different 
from transactional leadership in the sense that transformational leaders watch out 
for initiatives that bear the potential to add value to the organization. They are often 
visionary and imaginative, looking toward the future of the company within the 
larger ecosystem in which it operates and taking a formative approach for strategic 
development. Even though both types of leaders profit from the use of management 
controls, they are likely to use them in a different way. While transactional leaders 
typically use controls to address complexity in a given strategic setting, thus aiming 
to manage toward efficiency more effectively, transformational leaders can be 
thought of as using management controls to instigate change, i.e., guiding the orga-
nization toward a new (common) vision with the target of adding to firm value 
beyond its’ status quo (Kotter, 1990).

16.3  Literature

In 2012, Gond et  al. set the scene for research on sustainability in management 
accounting when writing that traditional management control systems are “limited 
(…) in addressing environmental and social issues as well as their interrelationships 
with financial issues” (p.  208). Soon after, Hartmann et  al. (2013) conducted a 
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literature review on the integration of strategy and sustainability in control systems, 
while Management Accounting Research published a special issue on “Sustainable 
development, management and accounting: Boundary crossing” (Bebbington & 
Thomson, 2013).

Rodrigue et al. (2013) mapped sustainability-related controls onto the four levers 
of control dimensions of Simons (1995), which also informed our view on control 
systems, and which helped structuring the information deriving from our inter-
views. Lueg and Radlach (2016) as well as Johnstone (2019) have written about 
so-called sustainability control systems which are “providing information and 
direction, as well as monitoring and motivating employees to continually develop 
sustainable practices and procedures for future improved sustainability perfor-
mance” (p. 34). Nevertheless, having sustainability control systems in place does 
not ensure that sustainability is successfully integrated into corporate strategy and 
business activities (Beusch et al., 2022).

Therefore, we highlight three key research streams here. The first is about the 
assessment of impacts of business activities and how these can be measured and 
incorporated in decision-making. Here, Cuckston (2013) conducted a literature 
review on the crossroads of management accounting for carbon and management 
control, while Pondeville et al. (2013) focused on decision-making when examining 
environmental control systems and the role of contextual and strategic factors. More 
recently, Taïbi et al. (2020) make use of intervention research in order to describe 
accounting mechanisms for strong sustainability.

The second research stream examines whether sustainability objectives conflict 
with financial objectives. Here, Epstein et al. (2010) wrote about the challenge of 
integrating sustainability into operational and capital investment decision-making. 
Schaltegger et al. (2012) distinguish between managers who have a collaborative 
business case frame integrating financial, social, and environmental aspects and 
rather operational managers who strive to improve profitability by making incre-
mental sustainability-related improvements to products and processes. In 2020, 
Siegrist et al. developed a conceptual framework embedding environment and sus-
tainability into corporate financial decision-making.

The third related literature stream is based on Crutzen and Herzig (2013), who 
describe that responding to sustainability requires strategic renewal and extensive 
organizational learning and change. Rodrigue et al. (2013) and Johnstone (2019) 
underline that companies oftentimes fail to enable an effective dialogue between 
strategic and operating levels to ensure the integration of sustainability in decision- 
making on all levels. Here, Beusch et  al. (2022) provide evidence that dialogue 
between managers with different business case frames may hamper subordinating 
sustainability to financial concerns. The ground for Beusch was paved by Sharma 
and Jaiswal (2018), who examined the circumstances in which dialogue mitigates 
the marginalization of sustainability initiatives.
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16.4  Data and Methodology

In our study, we follow the research paradigm of analytic induction, hereafter AI 
(Robinson, 1951; Znaniecki, 1934), starting with the tentative definition of our 
research subject based on pre-existing knowledge of theory and empirical findings 
and then go on to test this based on findings from explorative interviews. We con-
ducted our interviews with a group of mostly C-level executives, all of them being 
responsible for high-level investment decisions in their organizations. Company 
size ranged from less than 10 employees to more than 100.000, coming from diver-
gent types of industries, e.g., Manufacturing, Services, and Energy.

The research logic of AI is used to guide data collection and analysis as well as 
to organize the presentation of findings (Katz, 2001): “Its objective is causal expla-
nation, a specification of the individually necessary and jointly sufficient conditions 
for the emergence of some part of social life. AI calls for the progressive redefinition 
of the phenomena to be explained” (Katz, 2001, p. 484). Authors have invoked AI 
to conduct more rigorous qualitative analyses and to bridge the qualitative- 
quantitative divide (Hammersley & Cooper, 2012). Examples of such work in man-
agement and entrepreneurship literature include Bansal and Roth’s (2000) model of 
ecological responsiveness, Busch’s (2011) work on organizational adaptation to 
disruptions of the natural environment (e.g., climate change) and Hoffmann et al.’s 
(2009) analysis of regulatory uncertainty, investments, and resources.

Following this approach and guided by extant knowledge of management control 
theory as well as transformational management, both comprising the theoretical 
scaffolding of our study (Wener & Woodgate, 2013). Interviews were conducted 
and analyzed in an iterative manner, beginning with an initial set of questions, and 
following the principle of the hermeneutic circle, with the goal of refuting, support-
ing, or further developing the initial theoretical approach.

Following Spence et al. (2010, p. 86), we concentrate on observing key activi-
ties/managerial decisions rather than on the reporting level. To understand the con-
text of investment decisions, we explore the process of information use in 
(sustainability) decision-making, a step that is strongly dependent on the accounting 
approaches in place. Following the research approach of AI, we categorized the 
thematic codes along the lines of the initial theoretical framework. That is, we first 
pulled together all quotes relevant to the four key components of management con-
trol theory, as well as for transactional and transformational management, each as 
they relate to sustainability accounting and decision-making in the organizations 
under observation.

16.5  Findings

16.5.1  Belief Systems

As a first result, we found in our interviews that belief systems can be an important 
driver of sustainability accounting (or inhibit it). First, I1 recounted that 
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“sustainability has always been very important to me. But this is often not lived in 
large corporation (I1:3).” Not only can inertia be challenging, but having a vision is 
quite different than living it. A partial explanation for this can be found in the further 
remarks of I1. For instance, in context of the harsh daily business reality, I1 remarked 
that, strikingly, “the people, the managers, they are measured by their royalties 
(share of the sales) and not by environmental goals (I1:25).” Therefore, mindset in 
the first place, but also the setup of incentive systems is crucial for managers’ buy-
ing- in to moving from vision to actual execution.

I11 gave some insights into hurdles for integrating sustainability: “The business 
case must pay off. But the topic of profit and how do I get that together with the 
topic of sustainability, that’s a nut that has to be cracked (11:15).”

The last statement by I11 also underlines how belief systems can collide – those 
based on profit vs. social welfare maximization, or rather that having room for sus-
tainability goals requires first meeting the company’s basic needs in terms of profit-
ability or even finding a business case for sustainability.

16.5.2  Boundary Systems

Several interviewees mentioned regulations as forcing them to change their internal 
processes toward sustainability. I1 described: “If there was a need (strong regulatory 
pressure) to invest now in order to comply with the regulations in one- or two-years’ 
time, then that’s what we did (otherwise not)” (I1:17). Furthermore, they described 
the need to account for the environmental impact of their production (e.g., on CO2 
emissions, pollution, etc.). I2 remarked: “This means that when we talk about sus-
tainability, it is also important not only to assess everything financially, but also to 
consider what impact, so to say, we are making (I2:10).”

16.5.3  Interactive Control Systems

According to the work of Simons (1995), interactive control systems are used to 
stimulate organizational learning and the emergence of new ideas and strategies.

A few companies established specific processes to make sure interaction takes 
place and different opinions are heard: “(…) we have adapted this in the past by 
saying that we will make this assessment broader. And that we should also bring 
together the most diverse views internally as possible (I3:21).” Asked if he believes 
that this is the right way to handle potential conflicts, he says: “If you don’t allow 
these rooms, the conflicts are still there, right? (I3:42).”

To stimulate organizational learning and the emergence of new ideas, employees 
of a rather small company established a task force for sustainability (I6:21). Ideas 
which are generated in the group are communicated to the top management and 
interaction is called upon by the employees. Similarly, in a company of a bigger 
size, “a working group of employees was summoned to develop indicators for sus-
tainability (I8:25).” One interviewee describes: “We are dependent on dialogue. 
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(…) But you could tell that they weren’t immediately and voluntarily getting 
involved in such issues. (…) Here a great deal of sensitivity is required. It doesn’t 
happen overnight (I6:9).”

16.5.4  Diagnostic Control Systems

Diagnostic control systems, as one element of Simons’ levers of control framework, 
are used to motivate, monitor, and reward the achievement of specific goals.

The monitoring of certain indicators, of course, increases their importance which 
can be perfectly related to monitoring sustainability. “Because I believe that the 
impact will be stronger if we can underpin this purpose with actual measurable 
effects (I2:34).” Another interviewee pointed out accordingly that facts and figures 
are quite important in his business context to move the topic of sustainability fur-
ther: “I work in a company that is very strongly driven by numbers. Where control-
ling values also have a certain value in a double sense (I3:13).” Here, “it would help 
to establish true costs, I mean what that really means for the future, if you had that 
business models or certain processes (I3:47).” In another interview, a similar cri-
tique was formulated: “Before, it was often like this, yes, self-descriptions, but 
which were more like a report, without many numbers. Or where you set your own 
goals. […] Well, the risk of window dressing was already considerable (I7:25).”

16.5.5  Transformational Management

Parallel to focusing on control systems, we identified the following three subthemes 
describing what is needed for companies to step out and leave the sphere of simply 
operational management toward a higher focus on sustainability aspects in 
decision-making.

16.5.5.1  Value Orientation
A value orientation apart from financial aspects was tentatively named by one of our 
interviewees with saying: “I don’t want to call it, maybe idealistic, but something 
like this is considered apart from strictly financial terms (I2:26).” Apart from a stra-
tegic orientation, personal beliefs seem to be important for decision makers to act 
apart from fixed and solely financial criteria: “One managing director in the past 
said: I want it this way. This is what I want to leave behind when I am gone (I2:48).” 
Another interviewee adds that “if the understanding, the self-perception (of being a 
company that cares for the environment) is there, then ways are identified, and deci-
sions are made. Then people find additional finances for investments in the environ-
ment (I1:25).”

16.5.5.2  Willingness to Pay
While solely one of the companies we interviewed has an extra budget in place to 
enable investment decisions where taking environmental aspects into account would 
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otherwise kill the business case, most talked about the fact that there is no willing-
ness to pay for environmental aspects. Other than the lack of an extra budget, the 
following was criticized: “No one clearly says that it is worth it to put one percent-
age point of return into the environment. (I1:25).” Similarly, another interviewee 
pointed out that he believes such a willingness to pay “must come from the very top, 
(…) saying that x percent of the companies’ investments or division must be ESG 
measures, where there is no business case or meeting a KPI needed (I2: 52).”

16.5.5.3  Risk Taking and Innovation/R&D
Whenever investments are made to enter new businesses, sustainability may play a 
larger role compared to short-term investments or so-called maintenance invest-
ments. “The economic viability must also be given, otherwise the money is not 
tackled, but then other criteria come into play. You ask yourself how sustainable the 
product is, because it will only cross the profitability threshold for this investment 
in several years. (…) Sustainability is then a big point, because a product that does 
not comply with sustainability cannot be economical in the future. Yes, these are 
such criteria (I5:9).”

16.6  Conclusion and Future Research Opportunities

The objective of our research was to examine how sustainability issues are addressed 
by different types of controls using Simon’s (1994, 1995) seminal levers of the con-
trol framework and what might strengthen the successful integration of sustainabil-
ity into business activities using Burn’s (1978) pivotal concept of transformational 
leadership.

Our interviews document that for integrating sustainability into decision- making, 
all four types of control are considered relevant and examples of them playing a 
significant role were identified. There was not one of the four considered more 
important than the other ones. In order for transformational change to occur, we 
identified the need for a value orientation toward sustainability aspects, some degree 
of willingness to accept additional costs, and an openness for risk-taking, e.g., in the 
form of research and development.

Furthermore, we describe pathways to incorporate transformational manage-
ment for changing business activities toward “deep” or “strong” sustainability, both 
being terminus technici for an approach stating that “critical parts of the natural 
capital must be preserved as to guarantee present and future human wellbeing” 
(Buriti, 2018, p. 8).

This study is subject to several limitations. First, as this is work-in-progress, we 
have not yet reached the full sample size envisioned; nonetheless, we are already 
close to theoretical saturation. Second, due to the short paper format, we cannot 
include many of the informative quotes that we otherwise would have. Finally, 
although our interviewee sample is comprised of experts from different sectors and 
firm sizes, they are all from Germany; therefore, our study’s results may not be fully 
generalizable to other countries with starkly different national cultures or economies.
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In line with Beusch et al. (2022), our research calls for future studies that more 
strongly incorporate stakeholder influences for integrating sustainability into invest-
ment decisions. For example, our work could be extended by studying how to mea-
sure the distance of current decision-making practices from a scientifically based 
measurement of companies’ environmental impact, i.e., the need to identify patterns 
and business practices that facilitate or impede a resulting net positive worth for the 
environment.
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17.1  Introduction

Cities are the main form chosen by the human being to live in society, where there 
are more than half of the human population and by 2050 there will be 70% (UN, 
2019). In cities are built the most miscellaneous economic and social relationships, 
demonstrating the importance cities hold for the modern world. Cities end up adopt-
ing a predatory position in the environment once they consume resources from the 
environment and they end up presenting a deficit with the environment because of 
the pollution and degradation.

The Sustainable Development Goals (SDG) from UN 2030 Agenda bring in its 
11th goal the sustainable cities and communities with 11 goals and various indica-
tors. Another perspective is the evaluation of sustainable cities through ISO 37120, 
which brings 100 indicators, divided into 16 themes, covering topics such as 
Economy, Energy, Health, Education, Governance, Public Security, and Solid 
Waste, among others. The city of Porto (PT) has already got the certification and 
other important cities such as London (ENG), Barcelona (SPA), Paris (FRA), 
Rotterdam (NED), and Milan (ITA) (Anthopoulos, 2017; Intedya, 2021).

Added to cities importance and sustainability importance for society there is a 
whole set of interests toward cities transformation, being these interests recognized 
as stakeholders and their citizens. The evolution from a regular city to a sustainable 
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city is a necessity, notice the large group of agents and interests that these changes 
may bring.

The UN SDGs are the result of more than 3 years of research and negotiation 
including three items from sustainable development, and the ISO 37120 is related to 
sustainability pillars: environmental, social, and economic. SDG 11th brings goals 
and indicators aiming the sustainability and life quality. Whereas the ISO introduces 
indicators (not goals) related to cities' sustainability (indicators for urban services 
and life quality) (Alfaro et al., 2017; Ribeiro, 2019).

Increasingly growing cities can generate high energy consumption, water and air 
pollution, environmental degradation, poor housing, and working conditions, as 
well as social inequality (Bibri, 2018a; Raspotnik et al., 2020), with this, sustainable 
and smart cities are increasingly investing in innovation systems. Although innova-
tion systems are complex, it is possible to verify the contribution in minimizing 
social, environmental, and economic impacts, focusing on the creation, diffusion, 
and use of knowledge and technology that can be visualized through architectural 
and urban projects, ecosystem services, seeking to improve people’s quality of life, 
environmental protection, and long-term social well-being (Anthopoulos, 2017; 
Bibri, 2018a, b).

It is possible to notice a gap about ISO 37120 in cities because the systematic 
review made by Stefani and Viante (2020) in periodicals from Capes, Spell, Scielo, 
and Google Scholar from 2015 to 2019 there were identified 417 full articles in 
Portuguese and English about sustainable cities, but only 23 about ISO 37120 in 
their various indicators and aspects of sustainable cities, presenting as an opportu-
nity of empirical and analyze research.

Thus, the research question: What are the citizens from Brazil and Portugal 
assessments in relation to ISO 37120? To answer such a question, the main goal was 
chosen: analyzing ISO 37120 indicators in a city located in Brazil and Portugal, 
sustainable development strategies are present in public policies. It is important to 
highlight the importance of the constant presence of governmental and organiza-
tional actions, and community participation, as these can be considered protagonists 
for sustainable development (Galleli & Hourneaux, 2019). The research justifica-
tions focus on the application of indicators in any city, the transformation of urban 
environments, and the importance of sustainability for the future of cities.

17.2  Theoretical Framework

The concern with sustainable development, as well as sustainable cities, has been 
the object of studies since the elaboration of the Brundtland Report in 1987, a docu-
ment entitled Our Common Future, which deals with matters pertaining to social, 
economic, and social aspects and environmental issues such as poverty, environ-
mental resources, pollution, and energy consumption. In January 1992, the United 
Nations World Conference on Environment and Development, held in Rio de 
Janeiro, the Agenda 21 document was approved, so studies and governmental 
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interests on the subject began to have more prominence and visibility in institutions 
of education, public and private organizations, governments (Bibri, 2018a, b).

Kobayashi et al. (2017, p. 17) understand that: “Smart and Sustainable Cities are 
territories that use Information and Communication Technologies and sustainable 
urban development practices in order to provide a better quality of life for their citi-
zens,” so that they meet the needs of their citizens. Included in the Brundtland report 
(Jarrar & Al-Zoabi, 2008).

Thus, new technologies are also linked to development, as Kniess et al. (2019) 
claim that the development of new technologies combined with the challenges of 
the urban environment can create new models for the reality of cities. Thus, such 
measures are in accordance with what was exposed by Junior and Duenhas (2020), 
who point to a greater concern with negative environmental externalities, such as 
air, soil, river, and other pollution. In this sense, Kobayashi et al. (2017) emphasize 
that cities that seek to reinvent themselves must pay greater attention to social inclu-
sion and the use of green technologies, factors that, together with an intelligent 
management of the urban territory, are capable of providing sustainable urban 
development.

When defining sustainable development, urban planners and specialists use the 
concept proposed in the document Our Common Future or the Brundtland Report 
(RWCED 1988, p. 46): “it is one that meets the needs of the present without com-
promising the ability of future generations to meet the needs of the future,” “their 
own needs.” However, studies indicate that the most vulnerable populations are still 
not viewing this concept in a broad way, due to the social, economic, and environ-
mental differences that still exist (Bento et al., 2018).

It should be considered that the concept of sustainable cities goes beyond the 
economic aspects, as cities when planned need to preserve green areas, without 
changes in natural ecosystems, aiming to provide the urban population with a better 
quality of life, preservation of air quality, air conditioning, and recovery of water 
systems, without compromising the ability of people or future generations to meet 
their needs (Bibri, 2018b; Ferreira et al., 2018; Kobayashi et al., 2017).

Cities, also called centers of population concentration, end up attracting various 
economic activities, thus presenting a great productive activity and high levels of 
energy and raw materials consumption, generating waste and pollution (Sarubbi & 
Moraes, 2019). For Junior and Duenhas (2020), cities concentrate a large part of the 
population, wealth, and productive activities worldwide, but they are also respon-
sible for serious social and environmental problems.

In the search for sustainability, whether through social, environmental, and eco-
nomic policies, Fabris et al. (2020, p. 2016) state that the “challenge of a sustainable 
city lies in the diversification of its dynamic, creative and sustainable local econ-
omy, based on the creation of development alternatives to traditional chains” that 
may reverse local actions in improvements and quality of life, with the active par-
ticipation of citizens in the improvement processes (Aina, 2017).

Sustainable cities need urban planning, which involves elaborating, planning, 
evaluating, and predicting the development of a city, community, or region, through 
organized and standardized systems, making the city sustainable, and capable of 
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generating benefits for the existing population (Bibri, 2018a, b; Stefani & 
Viante, 2020).

In this way, sustainable cities require changes in cultural, social, environmental, 
economic, and governmental contexts, changes that can be based on ethics, citizen-
ship, solidarity, and reciprocity (Weisenfeld & Hauerwaas, 2018), since sustainabil-
ity requires the participation of all.

Cities around the world, as an important incremental innovation, can use the 
Brazilian technical standard ISO 37120 as a management parameter, which deals 
with the Sustainable Development of Communities, with indicators for urban ser-
vices, quality of life, as well as those to help municipalities measure and compare 
sustainable development.

The ISO 37120 standard is structured into three types: essential indicators, sup-
porting indicators, and profile indicators, which are described below: (1) Economy: 
The indicators are linked to fundamental issues of economic growth in cities, such 
as unemployment rate, percentage of the population below the poverty line and 
number of companies in the region. (2) Education: The indicators encourage the 
participation of students at all stages, from primary education to the training of 
professionals with higher education. (3) Energy: The indicators are linked to the 
consumption of energy by the inhabitants and also other forms of energy, especially 
those from renewable sources. (4) Environment: Directly linked to the emission of 
harmful gases to the environment, especially those that increase the greenhouse 
effect. The Norm also treats noise pollution as an aspect of the environment, which 
is very present in the urban environment. (5) Finance: Point out the expenses and 
financial health of public management, even more with factors such as the collec-
tion of taxes and own source of revenue. (6) Responses to Fires and Emergencies: 
Point out the activities of the city’s fire department, with emphasis on its contingent 
and the number of volunteer firefighters.

The indicator also collects information such as the number of deaths related to 
natural disasters and fires, an aspect directly related to the impact of the environ-
ment on urban settlements. (7) Governance: They are linked to popular participation 
in elections, the number of women elected, and also the number of civil servants 
convicted of corruption. (8) Health: The importance of the number of health profes-
sionals, such as doctors, nurses, and psychologists within the city. (9) Recreation: 
They are mainly linked to the presence of recreational spaces open to the popula-
tion, a factor related to leisure and the quality of life of citizens. (10) Security: 
Reinforces the importance of public security within a sustainable city, with a view 
to reducing crime and homicides. (11) Housing: The housing indicator presents 
aspects related to citizens’ housing, such as the percentage of the population in 
slums, the number of homeless people, and illegally occupied housing within the 
territory. (12) Solid Waste: The standard indicator establishes the study of the per-
centages of hazardous waste, waste incinerated and dumped in the open. (13) 
Telecommunications and Innovation: The sustainable city needs connected, agile, 
and globally accessible communication systems, whether over the internet or by 
telephone; connectivity is essential for the application of communication tools. 
Thus, the standard seeks the ratio of the number of landline and cell phone lines, as 
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well as the number of internet connections per inhabitant. (14) Transport: Urban 
infrastructure is essential within a city that seeks better connectivity and cleaner 
means of transport; in this way, the standard presents aspects of the public transport 
system, number of cars and the use of alternative means of transport, the measure-
ment of the number of kilometers of cycle lanes. (15) Urban Planning: Provision of 
more natural environments to citizens, mainly due to the number of trees planted 
and green areas available. A greater contact of citizens with green areas can provide 
a better quality of life and moments of leisure within the territory of the municipal-
ity. (16) Sewage: Indicators related to sewage deal with the number of people that 
are served by the collection system, as well as the treatment that such sewage 
receives. (17) Water and Sanitation: The latest indicators of the standard deal with 
the quality of water available to citizens, as well as the percentage of the population 
with access to drinking water and other services relevant to its distribution 
(ABNT, 2017).

ISO 37120 points out that the indicators can be applied to any city, municipality, 
or government that seeks to measure its performance in a comparable way, regard-
less of its size and location (ABNT, 2017).

17.3  Methodological Procedures

This research fits in a quantitative methodology, making use of online survey, by 
having a descriptive character to the fulfillment of the main purpose and to answer 
the research question. The units of analysis of this research are the municipalities of 
Guarapuava, located in the central-south region of the State of Paraná – Brazil, with 
more than 167 thousand inhabitants, and Matosinhos in the region of Porto, North 
of Portugal with more than 175 thousand people, that is, with approximate 
populations.

Due to the uniqueness of the cases under study, we define our research as instru-
mental (Stake, 2003), since it is a particular case that was examined to provide 
insights.

The cases of Guarapuava and Matosinhos Cities that excels when regional hub of 
cities in the region, so it is possible to understand the resultant complexities of 
municipal management practices. Stake (2003) emphasizes that cases allow us to 
understand their deepest complexities. The author also explains that even when per-
forming quantitative studies there is relevance and contribution that can be extracted 
from the deviant or illustrative. A research protocol was elaborated where the con-
cepts of sustainable cities and sustainable city indicators were aligned with data 
collection and analysis techniques.

As a quantitative technique for data collected, a standard indicator questionnaire 
was adapted (Norm ISO 37120) to the citizens in this study, with 65 items taken 
from ISO on a Likert scale of five points, from totally disagree to totally agree and 
seven more questions about economic and social profile. This instrument was vali-
dated by four specialists with PhD.
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For Creswell (2010), the survey process can use non-probability random sam-
pling. The survey application happened in 2021 and 2022. It collected 345 question-
naire answers and validated from Brazil and 201 questionnaire answers and 
validated from Portugal, treated as a random sample, not probabilistic by conve-
nience. The questionnaire was available through Google Forms® and shared in 
social media, e-mails, and groups of instant messaging. The quantitative data was 
made highest and lowest averages (mean) with the software SPSS® (v. 21).

17.4  Results

Through quantitative research, the citizens have presented a general perception of 
Education, Health, and Security indicators, sometimes in a positive or negative way. 
Respondents were asked to assign a score from 1 to 5 (strongly disagree to strongly 
agree) that represented their opinion regarding the ISO 37120 (SC) issues. By ana-
lyzing the descriptive statistics of the indicators, it was possible to identify the vari-
ables that had the lowest averages among the questions surveyed, as shown in 
Table 17.1.

Of the 66 variables surveyed, variable Q55 was the one that had the highest aver-
age in both cities studied and is linked to Transport indicators (own cars). It would 
be very interesting for citizens to use public transport as a means of transportation: 
buses, subways, and trains, as they are less polluting and have lower per capita 
costs, contributing to air quality, reduced gas emissions, reduced traffic, lack of 
parking, and among other things.

The second-highest average in both cities was Q36 (The city offers outdoor lei-
sure facilities). It demonstrates that the cities surveyed have outdoor leisure spaces 
in their spaces, as well as accessible parks and green areas, woods, and parks. We 
can still consider that the averages are related to the fact that in recent years several 
public leisure spaces have been restored and created in various points and neighbor-
hoods of both cities, contributing to the socialization and quality of life of citizens.

In variable Q9, on quality education in higher education in the city, it was the 
fourth highest average in Guarapuava and the eighth highest average in Matosinhos, 
highlighting the expressive number of Universities in Guarapuava with five institu-
tions and Matosinhos with three, in addition to the proximity to several others in the 
metropolitan region.

Also noteworthy are the high averages on quality air, quality electrical energy, 
quality treated water, and the satisfactory number of teachers in Guarapuava. In 
Matosinhos, in turn, quality landline and mobile telephones, water, and sanitation 
stand out.

When analyzing the descriptive statistics of the indicators, it was also possible to 
identify the ten variables that had the lowest average among the questions surveyed, 
which are presented in Table 17.2.

Among the questions with the lowest averages presented, it was possible to ver-
ify that despite the averages being different between the city of Guarapuava and 
Matosinhos. The questions that presented the lowest average cities in Guarapuava 
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Table 17.1 Questions with the highest averages (mean): Guarapuava X Matosinhos

Guarapuava Matosinhos
Questions Mean Deviation questions Mean Deviation
Q55 – The city of 
Guarapuava has a large 
number of cars

4319 0,798 Q55 – The city of 
Matosinhos has a high 
number of cars

4060 0,807

Q36 – The city of 
Guarapuava offers places 
for outdoor leisure

4313 0,866 Q36 – The city of 
Matosinhos offers places for 
outdoor leisure

4000 0,857

Q34 – The city of 
Guarapuava has parks and 
accessible green areas

4206 0,938 Q63 – The city of 
Matosinhos offers quality 
treated water

3930 0,83

Q9 – The city of 
Guarapuava offers quality 
education in Higher 
Education

4197 0,919 Q52 – The city of 
Matosinhos offers a quality 
landline service

3890 0,817

Q56 – The city of 
Guarapuava has a large 
number of motorcycles

4110 0,952 Q64 – The city of 
Matosinhos has no 
interruptions in water and 
sanitation services

3880 0,848

Q14 – The city of 
Guarapuava has quality 
air

3893 1,020 Q62 – The city of 
Matosinhos has quality 
basic sanitation

3860 0,855

Q11 – The city of 
Guarapuava offers a 
quality electricity service

3814 1,040 Q51 – The city of 
Matosinhos offers a quality 
mobile phone service

3850 0,841

Q64 – The city of 
Guarapuava offers a 
quality treated water 
service

3571 1,080 Q9 – The city of Matosinhos 
offers quality education in 
the 3rd cycle

3840 0,783

Q10 – The city of 
Guarapuava has a 
satisfactory number of 
teachers

3522 1,120 Q34 – The city of 
Matosinhos has accessible 
green parks

3840 0,817

Source: Survey data

were Q42 (The city does not have people living in slums) and Q33 (The city does 
not have suicides). In Matosinhos, the lowest averages obtained were related to not 
having politicians arrested for corruption, not having crimes against property and 
not having homeless people (urban settlements).

It is noteworthy that in Agenda 2030 (2016), goal 11 aims to make cities and 
human settlements inclusive, safe, resilient, and sustainable, being one of the con-
cerns in the pursuit of sustainable goals, in addition to SDG 1, which aims to end 
poverty in all its forms, in all places, demonstrating that this variable is one of the 
great concerns of the citizens.

The variable Q6, which deals with innovation, was one of the variables that 
obtained intermediate averages in both cities, a factor that may be related to the lack 
of innovation on the part of organizations and the lack of industries. Thus, it is 
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Table 17.2 Questions with the lowest averages (mean): Guarapuava X Matosinhos

Guarapuava Matosinhos
Questions Mean Deviation Questions Mean Deviation
Q42 – The city of 
Guarapuava does not have 
people living in slums

1520 0,839 Q28 – The city of 
Matosinhos has 
politicians arrested for 
corruption

2160 1080

Q33 – The city of 
Guarapuava has no suicides

1540 0,828 Q39 – The city of 
Matosinhos has no 
property crimes

2500 1140

Q43 – The city of 
Guarapuava has no homeless 
people (urban settlements)

1600 0,904 Q43 – The city of 
Matosinhos has no 
homeless people (urban 
settlements)

2520 0,960

Q38 – The city of 
Guarapuava has no crimes 
against life

1650 0,899 Q33 – The city of 
Matosinhos has no 
suicides

2540 1040

Q41 – The city of 
Guarapuava does not have 
violent crimes

1700 0,919 Q17 – The city of 
Matosinhos has no noise 
pollution

2620 0,893

Q39 – The city of 
Guarapuava has no property 
crimes

1810 1,010 Q21 – The city of 
Matosinhos has no noise 
pollution

2760 0,961

Q62 – The city of 
Guarapuava does not have 
irregular occupations with 
lack of public services

1990 1,060 Q38 – The city of 
Matosinhos has no crimes 
against life

2820 0,949

Q25 – The city of 
Guarapuava has a 
satisfactory number of 
elected women

2080 1,100 Q16 – The city of 
Matosinhos does not emit 
a large amount of 
greenhouse gases

2870 0,835

Q28 – The city of 
Guarapuava offers a 
satisfactory number of 
hospital beds

2120 1,100 Q41 – The city of 
Matosinhos has no 
violent crimes

2880 1,000

Source: Survey data

highlighted that innovation has been one of the priorities in developing countries 
(Huatuco & Ball, 2019); generating value, whether economic or strategic, factors 
that are essential for the development of a city or region (Zen et al., 2017).

The results earned show the ISO 37120 indicators can assist in the integrated 
monitoring of city governance and advise some specific goals for city improvement 
in many aspects. The Norm can bring benefits for the governance and effective ser-
vices provisions in many areas, decision taking support, urban planning, cities mas-
ter plans, and others.

The application contribution of ISO 37120 indicators presented rates and values 
about some economic, social, and environmental aspects inside the city. In this sur-
vey, it is possible to verify indicators that were analyzed and in future research, 
other indicators related to SDG11 or other metrics may be studied. This data 
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collection is essential to public management to take this information as a basis for 
public policy and in the future chase the ISO certification. Because ISO 37120 pre-
sented 100 indicators, other contributions are linked with the necessity of comple-
mentary research about sectors and indicators inside the city, this other research can 
be developed in interdisciplinary manner to other cities.

The ISO indicators study allows the recognition about stronger and weaker indi-
cators that can be improved in the city, function like a tool to help the public man-
agement. This analyzed information helps to identify sustainability indicators in the 
city. This fact can conduct a set of actions from interested agents and bring long-
term benefits for the citizens.

In general, studies advocate only the relationship between sustainability and 
municipal management. This research brings a practical and useful tool, ISO 37120, 
which can be used in several countries as indicators benchmarking of evaluation of 
municipal management and strategic planning of cities.

17.5  Conclusions

It is understood that the objective of the research was achieved, as it was analyzed 
how the citizens evaluate the indicators of ISO 37120 in the municipalities studied. 
It is noteworthy that citizens are the main Stakeholders of cities and should be inves-
tigated for the formulation of public policies, the municipal master plan, and the 
participatory budget, among others. The results show that ISO 37120 indicators are 
perceived by the respondents, some with more, others with less intensity. These 
indicators, when positive, can significantly contribute to achieving the sustainable 
development goals of the UN 2030 Agenda (2016).

Answering the research question: Do Guarapuava and Matosinhos have positive 
indicators in ISO 37120 to be considered sustainable cities? It was possible to state 
that yes, the municipalities have several positive indicators, but they cannot be con-
sidered fully sustainable cities in the view of the surveyed citizens, as several indi-
cators had a negative perception.

These indicators that have a negative perception could be used to influence pub-
lic and private projects aimed at improving quality of life, reducing poverty, improv-
ing education, and generating jobs and income for the population, among other 
sustainable development goals (SDGs) of the UN 2030 Agenda (2016) in the respec-
tive cities.

It can be concluded that the research brings contributions to the academic com-
munity, as it sought to deepen the theme based on national and international studies, 
in addition to relating the study to the SDGs of the UN 2030 Agenda (2016) and 
presenting gaps for research and development of future public policy studies.

For society, the study contributes toward demonstrating the presence of the indi-
cators of ISO 37120 in the view of those surveyed, since sustainable development 
encompasses social, environmental aspects and the reduction of inequality in a 
population, whether local, regional, or national in scope (Agenda 2030, 2016). The 
survey can also be used as an incremental innovation in public management, serving 

17 Sustainable Cities? Insights from Brazil and Portugal



264

as a basis for management to act to improve the areas of greatest dissatisfaction 
pointed out by respondents, such as public policies on health, safety, education, 
inclusion of women, and innovation.

In this context, the results can serve as a basis for further research, as the present 
study points to important indicators for the development of cities, based on the per-
ception of the citizens themselves; it can also contribute to the formulation of public 
policies and the municipal master plan.
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18The Relationship Between Corporate 
Social Responsibility and Customer 
Satisfaction: Literature Review

Inês Veiga Pereira, Joana Araújo, and José Duarte Santos

18.1  Introduction

Corporate social responsibility (CSR) has been an important focus of companies 
and for the ones concerned about their sustainability. Despite being focused on 
improving society and their performance, organizations want their customers to be 
aware of their behaviour and be more satisfied with the brand.

Literature has researched about CSR, its concepts and use. Also, research focused 
on testing some consequents of CSR, but it could not be found a paper which sum-
marized the main consequents of CSR. Furthermore, the focus of CSR has been on 
how it affects the brand, but further understanding of its relationship with customer 
satisfaction is required. Therefore, this chapter aims to analyze if literature shows if 
both constructs can be connected.

Through a systematic literature review of the main databases (Scopus and WOS), 
this research addresses CSR concept and consequents, leading the research to three 
major themes. The first theme is related to CSR and includes research on the con-
cept, evolution, and dimensions, as well as CSR consequents – brand image, brand 
value, and consumer satisfaction.

In a second moment, two concepts will be analyzed, among them Brand Image 
and Brand Value, as well as the existing relations with CSR. To this end, it will be 
necessary to briefly present some studies by authors who have addressed these con-
structs. Lastly, research relating to Consumer Satisfaction will be exposed.
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18.2  Methodology

18.2.1  Research Agenda

The research agenda is about the consequents of CSR. The search key for finding 
articles, books, and documents related to the research agenda was, at first: CSR 
concept; importance of CSR; and CSR consequents. The main aim of the research 
is to understand the main consequents of CSR and its relationship with customer 
satisfaction. So, after a previous analysis of the papers, other keywords were added: 
Brand Image; Brand image and CSR: Brand value; Brand value and CSr; Consumer 
satisfaction; Consumer satisfaction and CSR; Antecedents of Consumer Satisfaction; 
Consumer satisfaction and Brand Image; and Consumer Satisfaction and Brand 
Value. These key works help to identify the articles which are most likely to explain 
the previously identified consequents of CSR.

18.2.2  Literature Search Criteria

In search of relevant articles, the search will consist of journal articles and confer-
ence proceedings and other relevant work with peer review. The search of literature 
will be conducted by using major multi-purpose databases such as Web of Science 
(Thomson Reuters), ProQuest, Emerald, Science Direct, and EBSCO. A search for 
more articles using the same search keywords will be conducted on the Internet 
using Google Scholar to increase the coverage of the literature search. The search 
criterion for the publication period is up to May 2022.

18.2.3  Literature Search Procedure

The initial searches revealed that a total of 475 articles were found from various 
sources. Then these articles’ content would be analyzed for the relevance about 
CSR. When the articles were found to be relevant to the study agenda, they would 
be assessed in more detail of their purposes, methodologies, and findings. The cita-
tion criteria were applied to get the articles that are most valuable to the research 
topic. Research was conducted on the relationship between brand value and cus-
tomer satisfaction and 104 papers were found; and brand image and customer satis-
faction, where 380 papers were found. The same procedure explained before was 
implemented. When all four concepts were added, 17 papers were found and 
analyzed.
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18.3  Corporate Social Responsibility

Currently, there are many definitions attributed to CSR. According to Dahlsrud 
(2008), they are mostly congruent and therefore the absence of a single universally 
accepted definition is not relevant. However, this absence caused by the broad nature 
of the concept and the different views of scholars (Brunk, 2010) causes the lack of 
a normative basis to explain, in practice, the concept of CSR. It is then necessary to 
create a common ground that relates the various concepts of CSR (Okoye, 2009).

Votaw (1972) mentions that CSR does not have the same meaning for everyone, 
since for some it means legal responsibility, for others it can be understood as 
socially responsible behaviour at the ethical level, and for others, it can mean 
responsibilities in general. The author also adds that CSR is often seen as a chari-
table contribution or as a duty that imposes higher standards of behaviour on entre-
preneurs than on citizens in general.

The concept has, in fact, been studied by several authors. Carroll, in 1999, stud-
ied the evolution of the concept from the 1950s to the 1990s. Some of the definitions 
included in the literature are:
CSR can be understood as the obligations of businesspeople towards desirable deci-

sions and attitudes, based on the goals and values of society (Bowen, 2013).
CSR is understood as the way in which companies act in the social system regarding 

certain issues other than economic, technical, and legal ones. The company 
should evaluate the effect of its decisions in order to obtain social benefits beyond 
the usual economic gains of the company (Davis, 1973).

CSR relates to a company’s concerns for the needs and goals of society, beyond the 
economic, as it can only survive when embedded in a free and effectively func-
tioning society (Eells & Walton, 1974).
In short, there are several aspects mentioned by different authors. In general, the 

authors associate CSR with economic, environmental, social, ethical, philanthropic, 
and legal factors, among others. Carroll (1999) concludes, in the study in question, 
that the concept is constantly under construction and that more attention needs to be 
paid to measuring the concept.

Subsequently, Lantos (2001), following on from the previously presented model, 
suggested three types of CSR: ethical, altruistic, and strategic. Briefly, ethical CSR 
is morally obligatory and goes beyond fulfilling economic and legal obligations. 
Altruistic CSR is equivalent to the philanthropic responsibilities that are described 
in Carrol’s (2000) model and presupposes contributing to the welfare of stakehold-
ers that exist in society, even if it means a loss in business profitability. On the other 
hand, strategic CSR involves business community service activities that fulfil cer-
tain strategic business objectives that will benefit the company through positive 
publicity and goodwill.

Still regarding the definition of CSR, Dahlsrud (2008) analyzed 37 definitions 
proposed by the literature from 27 different authors. The author grouped the defini-
tions found into five different dimensions, including environmental, social, eco-
nomic, voluntary, and stakeholder. The study concludes that all dimensions are 
important in defining CSR and that at least three dimensions are almost always 
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included in a random definition of CSR, making it impossible to separate the defini-
tions in different schools of thought.

Thus, based on the aforementioned, the present research essentially relied on the 
research of Martínez et al. (2014), who studied the influence of CSR on brand image 
and loyalty in the hotel industry. For this, the author measured three dimensions of 
CSR, among them the environmental, social, and economic dimensions.

The economic dimension is considered as the basic dimension because, without economic 
results, it would not be possible to implement practices in the other dimensions (Carroll, 
1991). This dimension is associated with the fulfilment of companies’ duties and obliga-
tions towards their economic activity, to promote growth and prevent possible problems 
with stakeholders (Torugsa et al., 2013). In addition to profit maximization, the firm is also 
expected to be profitable in the long term, ensure stable employment, and offer high-quality 
goods and services (Carroll, 1999; Currás-Pérez et al., 2018).

The social dimension refers to the company’s relationship with the sociocultural 
environment, its support for social causes and also its involvement in community 
issues (Choi & Ng, 2011). Companies are increasingly aware of the needs of society 
and therefore these practices go beyond the need to comply with the mere law. 
Companies play an important role in solving social problems and implementing 
solutions aimed at increasing social well-being (Potočan et al., 2021). CSR prac-
tices at the social level can also bring benefits not only to the company but also to 
the stakeholders through the creation of a social dialogue that involves ethical and 
social issues of interest to both parties and is important in decision-making (Bansal, 
2005). Thus, CSR activities can contribute to increased value and competitive 
advantage (Husted et al., 2015).

The environmental dimension of CSR can be seen as the environmentally 
‘friendly’ behaviours, such as optimizing the use of natural resources, improving 
waste management, promoting product ecology, and others (Choi & Ng, 2011). 
Mijatovic et al. (2019) note that environmental practices aim to minimize environ-
mental damage and promote environmental sustainability efforts beyond corporate 
boundaries.

According to Tate et al. (2011), companies implement voluntary environmental 
practices for two reasons: first, because they can gain a competitive advantage 
through better access to and management of natural resources, and second, because 
they want a positive reputation among stakeholders in addition to the competitive 
advantage they can achieve (Mijatovic et al., 2019).

The following table serves as a summary of the aforementioned and presents 23 
variables proposed by the authors Chwiłkowska-Kubala et al. (2021) and organized 
into three major dimensions. Thus, for each dimension, the authors propose CSR 
practices respectively.

In 2015, Carroll studied the concept of CSR again through a paper entitled 
“Corporate social responsibility: The centrepiece of competing and complementary 
frameworks.” The author noted that as long as the world economy is growing, so is 
CSR. Thus, it can be concluded that CSR has grown over the years and has 
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50 Year Trajectory of
Corporate Social Responsibility (CSR)

1960s Social Movements
Civil rights, Women’s rights, Consumers, Environmentalism

CORPORATE SOCIAL RESPONSIBILITY (1960s)

CORPORATE SOCIAL RESPONSIBILITY (1970s)

CORPORATE SOCIAL RESPONSIBILITY (1970s – 1980s)

Business Ethics
(1980s +)

Corporate Citizenship
(1990s +)

Sustainability
(1990s – 2000s +)

Future of CSR
(2015 & Beyond)

Stakeholder Management
(1980s +)

Fig. 18.1 Evolution of the CSR concept. (Source: Carroll, 2015, p. 91)

accompanied the surrounding social context. Through Fig. 18.1, it is possible to 
analyze this same relationship in a schematic way.

This section aimed at exploring the concept and the evolution of the CSR con-
cept with a brief consideration of what Carroll (2021) believes to be the future of 
CSR. In fact, Carroll (2021) highlights some of the most important principles and 
themes regarding CSR, including purpose, innovation, engagement, and collabora-
tion with all partners, shared and integrated value, and the Sustainable Development 
Goals (SDGs).
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18.3.1  CSR Relevance

In recent years, CSR has been considered a good strategic marketing tool and, 
according to Porter and Kramer (2006), this is because consumers are increasingly 
demanding more from companies and expect more than a high-quality product at a 
low price. In fact, consumers bet on socially renowned brands when evaluating 
similar products. Several research studies on CSR focus on evaluating the relation-
ship between CSR and other business parameters (such as financial performance). 
However, according to Aguinis and Glavas (2019), more recent studies highlight 
individual-level outcomes, such as attitudes, perceptions and behaviour, and satis-
faction, among others and how they are currently proactive and intentional agents 
engaging in the CSR process. The change in consumers’ attitudes towards environ-
mental and ecological issues, social responsibility, and the changes in consumption 
habits force companies to seek new alternatives of action where the principles of 
CSR are integrated (Virvilaite & Daubaraite, 2011).

Moreover, the unpredictability of the environment is one of the aspects that rep-
resents a great threat for many companies. Studies show that the effect of CSR on 
risk reduction will be stronger in highly dynamic sectors and thus it is easier to deal 
with the volatility of some sectors. Therefore, to cope with unpredictability and 
changing environments, companies should allocate more resources to CSR (Sun & 
Cui, 2014).

Consumers are then an important part that affects these same initiatives, and by 
understanding consumers’ reactions to them, companies can develop CSR strate-
gies. Moving on to a more detailed analysis, Bhattacharya and Sen’s (2004) research 
reveals three important findings. First, the authors concluded that there is significant 
heterogeneity among consumers when it comes to reactions to CSR initiatives, i.e., 
what works for one consumer segment may not work for another. The impact of 
CSR initiatives on outcomes considered internal to the consumer such as attitudes 
is significantly greater and easier to assess than the impact on external outcomes 
such as WOM. Finally, the authors found that the firm alone is not the only one that 
benefits from CSR initiatives, as both consumers and society in general, take advan-
tage of these activities. Thus, the various CSR initiatives were grouped into six 
major domains:
 1. Community support includes, for example, support for health programs or edu-

cational initiatives for economically disadvantaged individuals.
 2. Support for diversity with, for example, gender and sexual orientation.
 3. Support for workers with, for example, concern for safety and building union 

relations.
 4. Support for the environment with, for example, environmentally friendly prod-

ucts and hazardous waste management.
 5. Operations outside the United States, and this includes foreign labour practices 

and operations in countries with human rights violations.
 6. Product support can be, for example, product safety and R&D practices.
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Thus, the company is expected to develop CSR activities that reach one or more 
of these six domains, and to do so in a consumer-centric way, companies need to 
identify which CSR activities are most valued.

18.3.2  CSR Consequents

CSR has an influence on several aspects, including corporate reputation, consumer 
trust, and consumer loyalty (Stanaland et al., 2011). Furthermore, positive associa-
tions based on CSR contribute to a more favourable attitude of stakeholders towards 
the company (Sen et al., 2006). Several studies have been conducted in relation to 
CSR. As an example, Chauhary et  al. (2016) studied consumers’ perceptions of 
CSR activities and concluded that the antecedents of CSR are repurchase intention, 
consumer attachment and loyalty, and perceived corporate performance.

In general, a commitment to socially responsible actions leads to positive out-
comes for a company. In fact, companies may be able to improve their reputation 
and corporate image through CSR activities (Waddock & Graves, 1997). In addition 
to brand image, based on the literature, there are reasons to believe that CSR can 
also positively affect brand value (Zhao et al., 2021).

According to Prayag et al. (2019), consumer satisfaction may also result from 
CSR activities and thus when they are successfully achieved, they positively affect 
consumer satisfaction (Mohammed & Rashid, 2018).

By analysing literature about CSR, several consequents have arisen. Therefore, 
the next chapters will discuss these and what previous research has found about the 
way they may be connected to customer satisfaction.

18.4  Brand Image

Brand image refers to the personality traits of a company or one of its brands operat-
ing in the market (Dong, 2016) and to consumer perceptions of that same brand and/
or a product (Malmelin & Moisander, 2014) reflected through the associations 
stored in consumers’ memory (Leone et al., 2006). Brand image is indivisible from 
the brand itself and reflects the strength and essence of the brand (Dong, 2016) relat-
ing, then, to a series of associations (Aaker, 1991).

Cho and Fiore (2015) studied brand image based on three dimensions: (1) cogni-
tive associations that relate to consumers’ personal beliefs, thoughts, and evalua-
tions regarding a brand’s attributes (Keller, 2001); (2) emotional associations that 
involve subjective feelings such as excitement, happiness, and joy (Keller, 2001); 
and, finally, (3) sensory associations that reflect the involvement of consumers’ 
physical senses, i.e., sight, smell, touch, among others (Schmitt, 1999). The results 
confirmed the importance of including cognitive, emotional, and sensory items to 
measure brand image.

Meanwhile, Martínez et al. (2014), regarding brand image, studied two dimen-
sions: the affective and the functional. The functional dimension is related to 
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tangible characteristics that can be easily measured, while the emotional dimension 
is associated with a psychological dimension manifested through feelings and atti-
tudes towards the company (Kennedy, 1977) cited by Martínez et  al. (2014). It 
should be noted that the present research was based on the study of these two dimen-
sions to measure brand image.

Regarding CSR and its relationship with brand image, there are several studies 
that associate these two concepts (Mohammed & Rashid, 2018; Porter & Kramer, 
2006). The level of the brand image of products or services is affected by CSR 
actions, that is, when CSR works for the benefits of society, environment and living 
conditions of its employees and society in general consumers favour the products 
and services created by these same companies and, consequently, there is a signifi-
cant improvement in the brand image (Maldonado-Guzman et al., 2017) and in the 
retention of customers who express intentions to relate to it again (Othman & 
Hemdi, 2015). Thus, if the company’s goal is to improve its brand image through 
CSR initiatives, it should take more into account the emotional and social aspects, 
such as ethics, community support, responsible environmental behaviour, and fair 
treatment of employees, among others, than the functional aspects, such as price 
and quality (Martínez et al., 2014). In addition to CSR improving brand image, it 
also provides financial advantages. From Sun and Cui (2014) perspective, CSR cre-
ates a positive image not only for customers but also for other stakeholders such as 
shareholders and debt holders.

In short, the existence of a brand whose image is attractive to consumers is a 
guarantee for the success of companies (Martínez et al., 2014).

18.5  Brand Value

The definition of brand value can be very broad. The concept first gained more 
importance in the 1980s when there was a need to define the relationship between 
brands and consumers and when it became apparent that the purchase price paid by 
many companies largely reflected the value of their brands (Leone et al., 2006).

The study of brand value is important for two reasons. First, one of the motiva-
tions relates to the financial area, as brand value provides information for account-
ing purposes or for merger, acquisition, or divestment purposes. According to Keller 
(1993), the study of brand value can be fundamental to improve marketing produc-
tivity, since costs are higher, there is greater competition and a decrease in demand 
in many markets.

For Aaker (1996), brand value supposes a set of assets and, therefore, brand 
management must invest in the creation and improvement of these assets. The brand 
creates value not only for consumers but also for the company itself through, for 
example, the brand name and symbol. The author conceptualizes brand value based 
on four dimensions: brand recognition, brand loyalty, brand associations, and per-
ceived quality. Burmann et al. (2009) define brand value as the present and future 
valuation of the brand. This value is explained by internal and external performance 
and includes three fundamental categories, among them brand value at the psycho-
logical, behavioural, and financial levels.
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Brand value has a different meaning for different stakeholders. As an example, 
what is important to a brand owner may not be relevant to society (Naidoo & Abratt, 
2018). Brand value is defined in various ways, depending on the specific purpose. 
Keller (1993) was another of the great scholars in this area. The author conceptual-
ized brand value by basing it on the consumer so that managers have more specific 
data regarding the marketing program and how it increases the value of brands. 
Keller (1993, p. 8) regarding brand value states that: ‘although the ultimate goal of 
any marketing program is to increase sales, it is first necessary to establish knowl-
edge structures for the brand so that consumers respond favourably to the brand’s 
marketing activity’.

Regarding brand value, Keller (1993) presents a model known as the customer- 
based brand equity (CBBE) model, that is, it is based on the individual consumer’s 
perspective. Thus, a brand has a positive or negative value (based on the customer) 
when consumers react favourably, respectively, to an element of the brand’s market-
ing mix than to that same element when it is associated with a fictitious or unnamed 
version of the product or service. Thus, when there is a favourable consumer 
response, the brand can increase its revenues, have lower costs, and earn higher 
profits. There are two approaches to measuring customer-based brand value. The 
indirect approach assesses potential sources of customer-based brand value by mea-
suring brand awareness and is useful in identifying them. As for the direct approach, 
it measures customer-based brand value by relying on the impact of brand aware-
ness on consumer response to different elements of the company’s marketing pro-
gram and is useful in determining the nature of the differential response. These 
approaches are complementary and should be used together.

There are several models that explain the foundation of brand value. Burmann 
et al. (2009) propose a brand management approach based on brand identity and 
incorporating external and internal perspectives of value creation through the analy-
sis of behavioural and financial variables. Leone et al. (2006) state that brand value 
can be assumed as the ‘added value’ of a product in the thoughts, words, and actions 
of consumers. This value can increase companies’ profitability and consumers’ loy-
alty (Beig & Nika, 2019).

Regarding CSR, it can be stated from the research conducted that, in general 
terms, CSR positively impacts brand value (Zhao et al., 2021). Esa et al. (2020) also 
analyzed the positive relationship between the three CSR activities (environmental, 
community, and labour activities) and brand value among the top 100 brands in 
Malaysia. The objective was to prove that brand value increases if the company 
communicates its CSR activities and operations. In addition to the aforementioned, 
the company starts to benefit from competitive advantages that lead to its success.

Lin and Chung (2019) studied the impact of CSR on brand value in the restaurant 
industry. The aspects of brand value studied were perceived quality, brand recogni-
tion, brand image, and brand loyalty and, according to the authors, companies that 
practice CSR activities gain advantages over companies that do not. It is also impor-
tant to mention the study of Bhattacharya et al. (2020). The authors demonstrated 
that CSR plays an important role during economic downturns and has a positive 
effect on brand value.
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18.6  Consumer Satisfaction

Most researchers do not provide a specific definition on the conceptualization of 
satisfaction (Prayag et al., 2019). However, satisfaction can be characterized as an 
emotional state that results from an evaluation that the consumer makes concerning 
a service or product and their response to it (Westbrook, 1987), and its totality can 
only be achieved when customers’ desires and preferences are prioritized (Khudhair 
et al., 2019).

Giese and Cote (2002) note that all definitions share some common ideas, 
these being:

 1. Consumer satisfaction is an emotional or cognitive response. However, more 
recent definitions attribute greater significance to the emotional response, since, 
according to the authors’ study, 64% of respondents relate the concept of satis-
faction with more affective terms. It should also be noted that this affective 
response varies in intensity depending on the situation, that is, it can range from 
strong to weak.

 2. The response is based on a particular focus. The focus identifies the object of 
consumer satisfaction and usually involves comparing performance to a standard 
(which can be more specific or more general) and relates, for example, to a prod-
uct, consumption experience, purchase decision, among others. Determining an 
appropriate focus for satisfaction varies from context to context, and without a 
focus, any definition of satisfaction has little meaning.

 3. Response occurs at a particular point in time. Typically, consumer satisfaction is 
assessed after purchase, however, consumer satisfaction can occur before choice 
or even in the absence of purchase or choice. Thus, it can be concluded that none 
of the time frames mentioned are entirely appropriate, as satisfaction can vary 
dramatically over time. Thus, satisfaction is only determined at the time the eval-
uation occurs.

Although there are several definitions for the term, the model that Oliver (1980) 
developed, known as the expectation-disconfirmation model, remains a reference. 
According to the theory, consumer satisfaction with a product or service results from 
the subjective comparison between expectation and perception. In other words, con-
sumer satisfaction depends on the comparison between initial expectations and actual 
results. Thus, satisfaction arises when expectations are confirmed, and dissatisfaction 
arises when these expectations are not met. In addition to the above, previous litera-
ture reviews have shown that, regarding satisfaction, there are also studies about other 
theories, including attribution theory, dissonance theory, and contrast theory.

The study of the main antecedents of satisfaction has become a strategic issue. In 
fact, consumers are increasingly autonomous, reflexive, and critical. Thus, the ante-
cedents of satisfaction should be analyzed in a deeper way to predict some con-
sumer behaviours and subsequently obtain a series of beneficial results for 
organizations, such as word of mouth (WOM) communication, loyalty, and finan-
cial profitability (Palací et al., 2019).
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Szymanski and Henard (2001) based on Oliver’s (1997) model present, in their 
article, the antecedents they consider to be important for consumer satisfaction. 
These include (1) expectations, which can be addressed at two different times: 
through anticipation or, later, through comparison. Regarding expectations now of 
anticipation, it can be mentioned that they have a direct influence on satisfaction 
levels, since there is no evaluation or comparison of the actual results. Another ante-
cedent referred to in the study is (2) the disconfirmation of expectations which, 
through comparison, is evaluated relative to actual performance results, i.e., con-
sumers are satisfied when results exceed expectations and are dissatisfied when 
expectations exceed results and, finally, they are only satisfied when results meet 
expectations. In addition to the above, the authors mention that (3) performance can 
affect satisfaction. This relationship is explained through the value–perception rela-
tionship, that is, consumers are satisfied when there is a good performance of the 
company that can be demonstrated through the ability to offer consumers what they 
need, want, or desire. Another antecedent referred to in the authors’ study is (4) 
affect which, through the emotions aroused during consumption, is prone to leave 
affective traces in consumers’ memories that are subsequently included in satisfac-
tion evaluations. Finally, (5) fairness is also considered an antecedent of satisfac-
tion, in that consumers consider themselves satisfied when their fairness ratio is 
proportionally higher than the ratio achieved by the reference person or the group.

The antecedents of consumer satisfaction were also studied by authors Prayag 
et al. (2019). Indeed, they addressed in their article four important antecedents of 
consumer satisfaction, among them (1) perceived justice and fairness, (2) emotions, 
(3) the influence of CSR, (4) sustainable practices, and, finally, (5) employee–cus-
tomer interactions. Among these five antecedents, it is important to highlight the 
influence of CSR on consumer satisfaction. Thus, both CSR and organizational 
reputation have a positive impact on consumer satisfaction (Su et al., 2015) thus 
there is a relationship between CSR associations and consumer satisfaction 
(Martínez & Rodríguez del Bosque, 2013). Mohammed and Rashid (2018), based 
on Carrol’s (1991) four dimensions of CSR, concluded that CSR positively affects 
consumer satisfaction.

Indeed, one of the main objectives of CSR is the possible advantages that com-
panies can gain by being socially responsible towards stakeholders. However, con-
sumers seem to need special attention, as CSR activities have a significant effect on 
consumer-related outcomes (Bhattacharya & Sen, 2004). Currently, consumers are 
more satisfied with products developed by socially responsible companies. First, it 
is important to note that a company’s actions appeal to the multidimensionality of 
the consumer as not only an economic agent but also a representative member of 
various stakeholder groups. Second, CSR activities create a favourable context that 
positively drives consumer evaluations and thus satisfaction. Finally, the anteced-
ents of consumer satisfaction are also relevant, as consumers get a better perception 
of value and consequently a higher satisfaction with the product that is made by a 
socially responsible company (Luo & Bhattacharya, 2006).

Hsieh et al. (2018), in their study concerning the catering field, studied the rela-
tionship between various concepts. In their research, they concluded that quality 

18 The Relationship Between Corporate Social Responsibility and Customer…



280

service improves not only brand image but also consumer satisfaction. Still within 
the catering area, the author Cuong (2020) proved the influence of brand image of 
fast-food restaurants in Vietnam on consumer satisfaction. In fact, considering the 
results obtained, it can be stated that brand image is an antecedent of consumer 
satisfaction and positively impacts it (Cuong & Long, 2020).

In fact, consumers who recognize a positive brand image tend to believe that the 
brand succeeds in offering high satisfaction (Mohammed & Rashid, 2018).

Regarding value, Aaker (1992) states that it is important for consumer satisfac-
tion in three aspects. First, brand value helps the consumer to interpret, process, and 
retrieve all the information related to products and brands. Then, it should be noted 
that brand value affects the consumer’s confidence in the purchase decision, i.e., a 
consumer tends to choose a brand that he or she has already used and considers hav-
ing the high quality or is familiar with. Finally, the author states that brand value, 
particularly perceived quality, and brand associations, provide value to the con-
sumer, thereby increasing consumer satisfaction when the individual uses the prod-
uct or brand.

18.7  Conclusions

To obtain a better understanding of CSR and how it may be important for compa-
nies, it is required to analyze its impact on several variables. This research aimed to 
understand which relevant consequents of CSR also impact customer satisfaction. 
According to the literature review, it could be said that Corporate social responsibil-
ity may have impact on consumers’ perception towards the brand, especially on 
brand image and brand value. These important consequents may act as mediators on 
CSR impact on the brand. So, CSR may impact on consumer satisfaction towards 
the brand. Although some authors have developed research about this subject, fur-
ther research may be developed to understand the relationship between CSR brand 
value and brand image and to understand if together they are able to explain con-
sumer satisfaction.

This chapter aimed to be a theoretical one, so future research may focus on 
developing a model which tests the relationship between the suggested constructs, 
to verify if these can explain customer satisfaction.
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19Comparison of Numerical 
and Experimental Approaches 
to Determine Tensile Strength 
in Mechanical Components

Américo F. G. Costa, António T. K. B. Ferreira, 
Fernando A. V. Figueiredo, and César M. A. Vasques

19.1  Introduction

To withstand a wide range of loads and operating scenarios, mechanical parts are 
typically conceived and designed with complex geometries that take advantage of 
available materials, while keeping production costs to a minimum. Virtual testing 
and numerical experiments using the finite element method (FEM) are typically 
employed during detailed design stages if these goals are to be met, precluding the 
necessity of a complex test campaign.

The FEM solves engineering and mathematical differential equations numeri-
cally, and structural analysis is nowadays a common area of application. In fact, the 

A. F. G. Costa (*) 
ISPGAYA, Vila Nova de Gaia, Portugal 

Centro de Formação Profissional da Indústria Metalúrgica e Metalomecânica (CENFIM), 
Lisboa, Portugal
e-mail: acosta@ispgaya.pt 

António T. K. B.  Ferreira 
ISPGAYA, Vila Nova de Gaia, Portugal 

Escola Profissional de Gaia (EPGaia), Vila Nova de Gaia, Portugal 

F. A. V. Figueiredo 
ISPGAYA, Vila Nova de Gaia, Portugal 

Smile.Tech – Robótica, Vila Nova de Gaia, Portugal 

proMetheus, Instituto Politécnico de Viana do Castelo (IPVC), Viana do Castelo, Portugal 

C. M. A. Vasques 
proMetheus, Instituto Politécnico de Viana do Castelo (IPVC), Viana do Castelo, Portugal 

Escola Superior de Tecnologia e Gestão, Instituto Politécnico de Viana do Castelo (IPVC), 
Viana do Castelo, Portugal

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
F. L. Almeida et al. (eds.), Multidimensional Sustainability: Transitions and 
Convergences, Springer Proceedings in Earth and Environmental Sciences, 
https://doi.org/10.1007/978-3-031-24892-4_19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-24892-4_19&domain=pdf
mailto:acosta@ispgaya.pt
https://doi.org/10.1007/978-3-031-24892-4_19


288

FEM originated from the need to solve complex elasticity and structural analysis 
problems in civil and aeronautical engineering. Its invention date is difficult to pin-
point but its origins can be traced back to the early 1940s, to the works of Hrennikoff 
(1941) and Courant (1943), where the concept of FE was conceived, albeit in a 
laborious and constrained manner. Clough was the first to coin the term “finite ele-
ment method” in the early 1960s (Clough, 1960, 1990). In the 1960s and 1970s, the 
FEM was further developed by Argyris, Clough, Zienkiewicz, Ciarlet, their co- 
workers, and many others (Gupta & Meek, 1996; Sabat & Kundu, 2021). In these 
years, available open-source FE programs provided further impetus to the use of the 
method on the analysis of structural problems, one example being the original ver-
sion of the FEM software NASTRAN initially supported by NASA and still in use 
these days.

Nowadays, the FEM theory (e.g., Zienkiewicz et al., 2013, 2014) is very well 
established and spread across several areas of application and is frequently available 
in conventional CAD (computer-aided design) software used by the industry. A list 
of FE software packages with a comparison of their main features can be found in 
Wikipedia (“List of finite element software packages,” 2022). Review and compara-
tive studies of FE software packages and applications can be found in the open lit-
erature (e.g., Fadiji et al., 2018a, b; Magomedov & Sebaeva, 2020). Expert systems 
for FE structural analysis were addressed by Naganarayana and Prathap (1992), 
such that the necessary expertise is available to a novice FE analyst to perform the 
same job even in the absence of trained experts. A review of FE analysis techniques, 
capabilities, and limitations was performed by Hatheway (1992). A review of useful 
guidelines for the FE analysis of steel structures was performed by Abambres and 
Arruda (2016). The stress analysis of a gear using photoelastic method and FE 
approach was reviewed by Ramachandra et al. (2022).

The FEM has demonstrated its value in simulating numerous design concepts 
and determining their behavior in virtually any environment. Consequently, it facili-
tates the evaluation of the viability of a new design after a model has been produced 
and validated, without the need to waste time and resources on a prototype. Some of 
the most noteworthy benefits of FEM include its capability to handle extremely 
complicated geometry and complex constraints; complicated loads, such as nodal 
loads, distributed element loads (e.g., inertia force, heat, and pressure), and time or 
frequency-dependent loading, can be managed; it is a dependable tool because it 
can do different analyses on the same model in different circumstances by modify-
ing the loads, material attributes, or boundary conditions as the problem dictates; it 
can be used to solve a vast array of engineering problems, including solid mechan-
ics, heat transfer, dynamics, fluid, and electrostatic ones, among others. Some 
downsides of the FEM include its approximation nature, yielding somewhat impre-
cise and mesh-dependent results; the requirement for pricey computer software and 
computational infrastructure; errors and blunders done by users can be disastrous; 
when using displacement-based formulations, stress analysis is typically less accu-
rate than continuous displacement solution at the nodal locations.

When performing stress analysis with the FEM, the equivalent stresses of con-
cern are the highest values reached during the various analyses conducted (Brnic 
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et  al., 2008; Cao et  al., 2011; Chen et  al., 2018, 2021; Golovanov et  al., 2009; 
Miriţoiu & Ilincioiu, 2011; Nor et al., 2012; Yu & Fan, 2014).

This chapter aims to provide clarity regarding the appropriate manner in which 
the results of FEM analyses should be interpreted and compared. In order to accom-
plish this goal, two electrical connectors produced by the company SKELT are 
evaluated through the use of computational virtual testing and experimental meth-
ods, and the results obtained from these tests are critically analyzed and compared. 
The purpose is to evaluate the use of yield failure criteria in virtual FEM and actual 
tensile testing experiments for the strength design of mechanical components. In 
terms of methodology, the von Mises failure criterion is utilized in both experiments 
comparing the results of mechanical virtual FEM tensile tests on the same compo-
nents to those obtained through actual experiments. Various mechanical compo-
nents are subjected to a series of tensile tests to failure using a custom-built hydraulic 
press equipped with a 50-ton load cell manufactured by AEP.  The same parts 
undergo FEM analysis using Autodesk Inventor 2022 for modeling and Inventor 
Stress Analysis for FEM simulations. Lastly, the results are critically assessed and 
compared.

19.2  Tensile Testing

Tensile testing, also known as tension testing, is a fundamental test well known in 
materials science and engineering in which a specimen is subjected to a controlled 
tension until failure. Properties that are directly measured via a tensile test are ulti-
mate tensile strength, breaking strength, maximum elongation, and reduction in 
area. From these measurements the following properties can also be determined: 
Young’s modulus, Poisson’s ratio, yield strength, and strain-hardening characteris-
tics (“Tensile testing,” 2022). In this study, tensile tests are conducted on manufac-
tured parts with function-specific geometries, rather than on tensile test pieces. This 
ensures that real-world tensile testing and simulation using the FEM are comparable.

Tensile Tests are performed with a custom-built press equipped with a 500KN 
Load cell with the reference CTC4165500KNI and manufactured by Italian com-
pany AEP. This load cell is calibrated once a year by an independent audit company 
and is classified as normalized accuracy 1 which means the max error it produces is 
1% of the full scale, i.e., 5KN.

19.2.1  Component C14D41103-1

The first component to be analyzed is an electric linker with reference C14D41103-1, 
shown on the left side of Fig. 19.1; the part is designated as Half-Fork “R” and it is 
manufactured in Domex 460 steel (SSAB, 2022). Table 19.1 displays the relevant 
properties of the used Domex 460 steel while Table 19.2 enumerates the relevant 
data of the lot certificates from the supplier.
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Fig. 19.1 Component C14D41103-1 (left); adaptor for component C14D41103-1 (right)

Table 19.1 Domex 460 steel properties (SSAB, 2022)

Parameter Value Unit
Yield strength 460 MPa
Ultimate tensile strength 520–670 MPa

Table 19.2 Domex 460 supplier certificate data

Parameter Value Unit
Certificate number 2010000369
Raw material lot 2010LC110012
State Raw
Rm (ultimate tensile strength) 573 MPa
Report numbers 47, 48, 49

The component C14D41103-1 was tensile tested three times until failure; to 
adapt the component to the tensile testing machine, the mechanical device repre-
sented on the right side of Fig. 19.1 was designed.

The three tested samples are shown in Fig. 19.2, where the critical section where 
these components yield is clearly displayed.

The analysis of the results obtained in the real tests is presented in Table 19.3, 
where it can be seen that the failure of the components occurs at load values close 
to 170,000 N.

19.2.2  Component C1L27524-1

The second component to be analyzed is an electric linker with reference 
C1L27524-1, designated as Triangular Rocker Arm, produced with S350JO steel 
(British Steel, 2020) and with the dimensions indicated in Fig. 19.3. The properties 
of the S355JO steel, yield strength, and tensile strength are shown in Tables 19.4, 
19.5 and Fig. 19.4.
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Fig. 19.2 Samples of 
component C14D41103-1 
after the experimental 
tensile tests

Table 19.3 Results of 
failure tests of component 
C14D41103-1

Test Force Unit
1 169,380 N
2 170,760 N
3 168,890 N
Average 169,680 N

Fig. 19.3 Component C1L27524-1

Table 19.4 S355JO steel 
properties (British 
Steel, 2020)

Parameter Value Unit
Yield strength 355 MPa
Ultimate tensile 
strength

470–630 MPa

The component C1L27524-1 was tensile tested three times, until failure; 
Fig. 19.5 shows the samples after the test. The analysis of the results obtained is 
presented in Table 19.6. The failure of the components occurs at load values between 
215,550 and 232,780 N. The average value of the applied breaking load is 226,610 N.
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Table 19.5 S355JO supplier 
certificate data

Parameter Value Unit
Certificate number 2010000287
Raw material lot 2010LC100012
State Raw
Rm (ultimate tensile 
strength)

576 MPa

Report numbers 56, 57, 58

Fig. 19.4 C1L27524-1 component fastening device

19.2.3  Component B7419103-1

The component B7419103-1 shown in Fig. 19.6, designated as Right Binder, was 
manufactured with steel S275JR (OVAKO, 2022). In this component’s analysis, the 
clamping device was not modeled in 3D; instead, constraint and load conditions 
were applied directly to the component. The purpose of this test is to validate the 
conclusions drawn previously. S275JR steel’s mechanical characteristics, yield 
strength, and tensile strength are shown in Tables 19.7, 19.8, and 19.9.
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Fig. 19.5 Samples of 
component C1L27524-1 
after the experimental 
tensile tests

Table 19.6 Results of 
failure tests of component 
C1L27524-1

Test Force Unit
1 215,550 N
2 231,510 N
3 232,780 N
Average 226,610 N

Fig. 19.6 Component 
B7419103-1

Table 19.7 S275JR steel 
properties (OVAKO, 2022)

Parameter Value Unit
Yield strength 275 MPa
Ultimate tensile 
strength

410–560 MPa
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Table 19.8 S275JR supplier certificate data

Parameter Value Unit
Certificate number 2010000437
Raw material lot 2010LC130007
State Raw
Rm (ultimate tensile strength) 456 MPa
Report numbers 53, 54, 55

Table 19.9 Results of failure tests of component B7419103-1

Test Force Unit
1 198,730 N
2 202,020 N
3 183,740 N
Average 194,830 N

The component B7419103-1 was tested three times, as above, and the physical 
results of these tests are presented in Fig. 19.7.

19.3  Finite Element Analysis

Following the tensile tests, a set of virtual testing and numerical experiments using 
FEM and computer analyses were performed, applying a varied set of loads. Each 
component is analyzed with increasing loads in order to evaluate the behavior of the 
component at different stress intensities.

19.3.1  Component C14D41103-1

Component C14D41103-1 and its adaptor were modeled in 3D, using Autodesk 
Inventor software, to reproduce in a computer the same conditions as in the tensile 
tests (Fig. 19.8). To simplify the FEM analysis, it was decided to exclude the two 
components labeled as bocal, element 3 on Fig. 19.8, fix one of the bolts, and apply 
variable loads to the other bolt.

The mesh generated in each of the components was finely defined according to 
the processing capacity of the available hardware. The mesh definition parameters 
are visible in Fig. 19.9.

The amplitude of the applied loads will vary between a minimum value of 
60,000  N and a maximum of 175,000  N.  Within this range are the three values 
obtained in the tensile tests, namely, 169,380, 170,760, and 168,890 N. The average 
load value achieved in these three tests is 169,680 N. When the load intensity is 
close to the values recorded in the tests, a finer analysis will be made.

A. F. G. Costa et al.



295

Fig. 19.7 Samples of 
component B7419103-1 
after the experimental 
tensile tests

Fig. 19.8 Actual analysis conditions for component C14D41103-1 (left) and conditions under 
analysis defined in Autodesk Inventor software for component C14D41103-1 (right)

Fig. 19.9 Mesh definition for component C14D41103-1
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Fig. 19.10 Definition of 
the color map as a function 
of the equivalent stress for 
component C14D41103-1

Fig. 19.11 Color gradient for different equivalent tensions for component C14D41103-1

The maximum strength value of the material, according to the supplier’s certifi-
cate, is 573 MPa. So, the analysis will focus on a stress range between 572 and 
573 MPa. According to the defined color configuration, Fig. 19.10, when the color 
shown is dark blue, it will have an equivalent stress below 572 MPa and in red 
equivalent stresses above 573 MPa.

In this analysis, the main interest is to analyze the equivalent stresses close to the 
failure stress, in the critical sections of the component, when subjected to different 
loads. Figure 19.11 shows the color gradient to be used in the analysis.

Table 19.10 shows different graphical analyses of equivalent stresses for differ-
ent values of increasing loads, from 60,000 to 174,500 N.

In the following analyses, a more detailed study will be made, for which increas-
ing loads with intervals of 500  N will be applied. A value of 500  N represents 
approximately 0.3% of the average value of the breaking load reached in the real 
tests. This increment value will allow a finer analysis of the equivalent stresses 
found in the component. Loads slightly lower and higher than the average value 
obtained in the tests will be used (Tables 19.11 and 19.12).

19.3.2  Component C1L27524-1

As was the case with the preceding component, the part and its adaptor device were 
modeled in 3D using Autodesk Inventor software in order to simulate the tensile test 
conditions in a computer (Fig. 19.12).
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Table 19.10 Results of failure tests of component C14D41103-1 (part 1)

Load Graphical analysis Comments
60,000 N
35% of 
average 
tensile failure 
load

At a load of 60,000 N, red zones are already visible in 
the component whose calculated equivalent stresses 
are above 573 MPa. Despite these results obtained 
with a load of 60,000 N, the total rupture will only 
happen in real tests, close to a substantially higher 
value, 170,000 N.

70,000 N
41% of 
average 
tensile failure 
load

For a 70,000 N load, there is, as would be logical, an 
increase in the section of the component whose 
calculated equivalent stress is greater than the tensile 
strength of the material, 573 MPa.

80,000 N
47% of 
average 
tensile failure 
load

For load levels of 80,000 N and 90,000 N, the 
evolution of the areas whose equivalent stresses 
exceed the tensile strength increases gradually.

90,000 N
53% of 
average 
tensile failure 
load

120,000 N
71% of 
average 
tensile failure 
load

For load steps of 120,000 N, the area whose 
equivalent stress is greater than the tensile strength of 
the material continues to spread, but still without 
crossing an entire resistant cross- section of the 
component.

The mesh generated in each of the components was finely defined according to 
the processing capacity of the available hardware. The mesh definition parameters 
are visible in Fig. 19.13.

The amplitude of the applied loads varies between a minimum of 180,000 and a 
maximum of 235,000 N. Within this range are the three values obtained in the real 
tests, namely, 215,550, 231,510, and 232,780 N. The value of the Rm of the material, 
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Table 19.11 Results of failure tests of component C14D41103-1 (part 2)

Load Graphical analysis Comments
163,500 N
96% of 
average 
load

For load steps of 163,500 N, it is already visible the 
appearance of a new area distinct from the previous one in 
which the calculated equivalent stress is higher than the 
failure stress, but still without crossing an entire resistant 
cross-section of the component.

164,000 N
96.6% of 
average 
load

At the 164,000 N load plateau there is a natural gradual 
increase in the areas where the equivalent stress exceeds 
the tensile strength, and the connection between the two 
previous areas is already visible. It is visible that this 
connection is slightly off-centered in relation to the piece, 
going against the photos observed in the real tests in 
Fig. 19.2. This load represents 96.6% of the average load, 
therefore very close to the failure zone verified in the real 
tests. For the first time in these analyses, it is verified that 
there is an entire resistant section whose equivalent stress 
exceeds the breaking stress of the material. We can 
suggest then that there is a connection between the total 
yielding of the component and the existence of an entire 
section with a stress equivalent to the breaking limit of the 
material.

164,500 N
96.9% of 
average 
load

At the load plateau of 164,500 N, about 96.9% of the 
average test load, two tenuous connections between the 
two most critical sections are already visible.

165,000 N
97.2% of 
average 
load

At the 165,000 N plateau and onwards the connection 
between the two areas becomes more and more 
pronounced. We are at 97.2% of the average load, so from 
here on it is possible that total failure in the real test could 
happen at any time.
It should also be noted here that any change in the mesh 
definition causes slight changes in the graphical data 
obtained. These changes are very slight, but they go 
against what is expected, less element in the mesh, more 
definition in the calculation and heavier processing.

165,500 N
97.5% of 
average 
load

In the following load steps, it is verified, as expected, that 
the two critical sections will merge into a single section, 
totally in red, i.e., with an equivalent stress higher than the 
failure stress of 573 MPa.
In the following analyses, the intervals between the load 
steps are not regular and can be higher than 500 N. It can 
be seen that with load increments of 500 N the graphical 
changes are not significant.
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Table 19.12 Results of failure tests of component C14D41103-1 (part 3)

Load Graphical analysis Load Graphical analysis
166,000 N
97.8% of average 
load

166,500 N
98.1% of average load

168,000 N
99.0% of average 
load

168,500 N
99.3% of average load

169,000 N
99.6% of average 
load

169,500 N
99.9% of average load

173,500 N
102.2% of average 
load

174,500 N
102.8% of average load

Fig. 19.12 Actual analysis conditions for component C1L27524-1 (left); conditions under analy-
sis defined in Autodesk Inventor software for component C1L27524-1 (right)
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Fig. 19.13 Mesh definition for component C1L27524-1

Fig. 19.14 Mesh 
definition for component 
C1L27524-1

maximum strength according to the supplier’s certificate, is 576 MPa. Therefore, we 
will concentrate on a stress range between 574 and 576 MPa (Fig. 19.14).

In this analysis, the main interest is to analyze the equivalent stresses close to the 
failure stress, in the critical sections of the component, when subjected to different 
loads. Figure 19.15 shows the color gradient to be used in the analysis.

Table 19.13 shows different graphical analyses of equivalent stresses calculated 
for different values of increasing loads, from 180,000 to 240,000 N.

19.3.3  Component B7419103-1

The analysis was performed with the restrictions displayed in Fig. 19.16 and with-
out modeling the bolts and adaptors. For the execution of the analysis, the compo-
nent was rigidly fixed by the face of one of the holes of 24 mm diameter, represented 
in yellow, and with a force applied perpendicularly to the face in red in the other 
hole, represented by an arrow.
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Fig. 19.15 Color gradient for different equivalent tensions for component C1L27524-1

Table 19.13 Results of failure tests of component C1L27524-1

Load Graphical analysis Comments
180,000 N
79.4% of 
average 
load

With a load of 180,000 N, it is already clearly visible that 
the component presents zones where the calculated 
equivalent stresses are above 576 MPa, zones in red. 
Despite these results obtained with a load of 180,000 N, 
this value represents only 79.4% of the average load 
found in the real tests and is still far beyond the load of 
215,550 N, the minimum load obtained in the tests.

200,000 N
88.3% of 
average 
load

For a load of 200,000 N, the zone where the equivalent 
stress exceeds the tensile strength will widen even more 
and will not cross the whole resistant section of the 
component.

215,550 N
95.1% of 
average 
load

For a load of 215,550 N, failure load of one of the three 
tests, it is visible that there is a zone, whose stress exceeds 
the failure stress of the material, which almost crosses an 
entire resistant section of the component.

226,610 N
100% of 
average 
load

For a load of 226,610 N, the average load value of the 
tests, it is perfectly visible that there is an entire resistant 
section of the component that is crossed a stress higher 
than the admissible breaking stress of the material.

235,000 N
103.7% of 
average 
load

For a load of 235,000 N, higher than the maximum loads 
obtained in the tests, the red zone continues to propagate 
and becomes uniform in width across the critical section 
of the component.
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Fig. 19.16 Conditions in 
Autodesk Inventor 
Analysis for Component 
B7419103-1

Table 19.14 presents an identical analysis to that performed in the previous com-
ponent. Several analyses are presented with increasing load values and with shorter 
intervals at load values close to the average failure load obtained in the tensile tests.

19.4  Discussion of Results

In the FE analysis of the component C14D41103-1, it is visible, at 80,000 N of load, 
zones that exceed the admissible tensile strength of the material. However, when 
this same component is tested in the tensile testing machine, its total failure only 
comes to happen near 170,000 N. The final customer requires the real test of the 
component, and this is the value that will appear in the sheet of technical character-
istics approved for the component.

The manufacturer must provide a report of a tensile test prior to the final valida-
tion of a new component. But, should a FEM analysis be required? In fact, to mini-
mize the use of raw materials in the production of this type of component, it makes 
sense to perform previous analysis with FE software during the design phase. 
However, for these tests to have any logical correspondence with the reality of the 
tests, it is essential that professionals can interpret their results correctly; this means 
that it shouldn’t be considered that a part will fail if it presents a node with an 
equivalent stress higher than the ultimate tensile strength of the material. Total fail-
ure usually occurs with a manifestly higher load. Since the safety factor is calcu-
lated as the quotient between the highest equivalent stress and the ultimate tensile 
stress of the material, it also means that this value should not be used as a result of 
the analysis.

This dissonance between the FE simulation and the real test occurs because the 
software for elemental analysis defines the safety coefficient by dividing the maxi-
mum admissible stress for the material by the maximum stress found, i.e., it vali-
dates the element with the highest stress, but the physical reality of the components 
when subjected to stresses does not work that way, but by the values of the average 
stresses. The maximum point values will always be greater than the average values, 
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Table 19.14 Results of failure tests of component B7419103-1

Load Graphical analysis Comments
100,000 N
51.3% of 
the average 
load

For a load of 100,000 N, red zones are already visible in 
the component whose equivalent stresses are above 
456 MPa. Despite these results obtained for a load of 
100,000 N, about 51.3% of the average load, the total 
rupture will only be verified in the real tests, close to a 
substantially higher average value, 194,830 N.

180,000 N
92.3% of 
the average 
load

For a load of 180,000 N, about 82.3% of the average 
load, there is clearly a substantial increase in the red 
area representing an equivalent stress in excess of 
456 MPa, the tensile strength of the material, but there 
is still no visible band across an entire resistant section 
of the part where this stress is greater than the tensile 
strength.

185,000 N
95.1% of 
average 
load

With a 185,000 N load the area in red continues to 
increase, but still without crossing an entire resistant 
section of the component.

190,000 N
97.5% of 
average 
load

With a load of 190,000 N it is already visible, albeit 
faintly, that there is a band that crosses an entire 
resistant section of the component. This situation is 
more evident in the lower part of this table.

195,000 N
100.1% of 
average 
load

At the 195,000 N load plateau, 100.1% of the average 
load, it is already clearly visible that there is an entire 
section crossing the component where the calculated 
equivalent stress is higher than the yield strength of the 
material 456 MPa.

203,000 N
104.1% of 
average 
load

With a load of 203,000 N, which is a value slightly 
above one of the values obtained in the real test, a zone 
crossing the whole resistant section of the piece can be 
clearly seen, whose equivalent stress exceeds the 
breaking stress of the material, 456 MPa.
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Fig. 19.17 Analysis of 
component C14D41103-1 
made with a load of 
168,500 N

so from this perspective, the maximum equivalent stress calculated by the software 
in a simulation will always be greater than the average stress calculated numerically.

Neglecting stress concentration and other complicating effects, the normal stress 
may be calculated by dividing the exerted force by the resisting section, but this 
calculated stress is the average value of that section and not its maximum value. 
This difference causes that the safety coefficients found by FE analysis software 
will always be clearly lower than real tests show.

When using FE analysis software, a qualitative analysis must be made; stresses 
must be evaluated and their significance in terms of location and extent of their area 
must be assessed. In the case of component C14D41103-1, the effective total failure 
happens if there is an entire resistant section of the component that is crossed by a 
band in which the stresses found are always higher than the admissible limit for the 
material. This is clearly seen in the image obtained from the analysis performed for 
a load of 168,500 N in Fig. 19.17. In addition to this image, we can find other identi-
cal ones for loads immediately above or below this load. In these images, the two 
most critical areas, red in the image, are connected by bands in which the stress is 
also higher than the material’s limit, also represented in red. As a conclusion we 
could say that the designer, if he/she wants to predict with some accuracy the value 
obtained in real tensile testing, should look for an analysis in which the whole resis-
tant section of the part was traversed by a stress higher than the failure stress.

Components C1L27524-1 and B7419103-1 present similar results. As a final 
analysis of component C1L27524-1, it can be said that the component yielded in the 
same way as the previous component, that is, the final yielding of the component to 

A. F. G. Costa et al.



305

failure occurred when an entire resistant section exceeded the admissible tensile 
strength for the material over its entire length. With respect to component 
B7419103-1, it can be said that the component yielded in the same way as the previ-
ous two components, i.e., the final yielding of the component to failure occurred 
when an entire resistant section exceeded the admissible tensile strength for the 
material over its entire length.

19.5  Conclusions

The metalworking and machine design industry represents an enormous economic 
opportunity for Portugal and other nations, but it exhibits some competitive weak-
nesses. The ability to accomplish more and better with fewer resources is crucial for 
its survival. With this study, it is hoped to optimize the use of the FEM tools avail-
able in CAD software, but which are underutilized due to users’ lack of understand-
ing of how to interpret the results.

One conclusion that can be drawn from the analyses presented here is that the 
behavior of all components is comparable and that the tensile tests confirm that the 
software-suggested most critical sections are the effective failure sections identified 
in real tensile testing. One additional conclusion that can be drawn is that qualitative 
analysis is necessary for correctly interpreting the results. As evidenced by the real 
tensile test results, the presence of small, localized areas with equivalent stresses 
greater than the failure stress does not indicate that the component will fail at that 
load level; failure will typically occur at much higher loads, particularly when one 
of the component’s resistant sections is traversed by a stress greater than the tensile 
strength. However, it should be noted that this study assumes that the applied load 
is static and not cyclic, as in that case, the fatigue effect would be dominant and the 
previous conclusions would be inadequate in terms of the mechanical resistance of 
the components over the long term.

For the success of these analyses, it is also essential to precisely define the 
mechanical properties of each of the component materials and the constraint and 
loading conditions for each of them. Regarding the analysis performed by the FE 
software, one must always keep in mind that the safety factor is calculated using the 
maximum value of the equivalent stress found, which is clearly a higher value than 
the average stress value. Therefore, in static situations in which the components are 
rigidly fixed and the load intensity is constant, structural designs in which reduced 
sections of certain components exceed the yield strength or tensile strength can be 
validated as long as this section does not cross an entire resistant section of the part. 
As this study evolves, it is planned in the future to evolve this simplistic approach to 
more complex geometries, stress-complicating effects, nonlinear material behavior, 
and continuous damage models to determine if the pattern repeats itself, i.e., that the 
total failure of the component occurs whenever a resistant section has an equivalent 
stress greater than the material’s allowable limits.
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20Indoor Navigation of an Autonomous 
Guided Vehicle Using ArUco Markers

Fernando A. V. Figueiredo, Eduardo G. C. Pereira, 
and César M. A. Vasques

20.1  Introduction

The evolution of technology and the emergence of computer systems and digitaliza-
tion applied to industry have led to an important new technology development, 
which increasingly tries to reduce manual work and produce more complex equip-
ment aimed at saving manpower and simultaneously increasing productivity. In the 
past, in factories and warehouses, loads were transported using manually guided 
carts, such as a pallet truck. Nowadays, with the help of mobile robotics, these are 
being replaced by mobile autonomous guided vehicles (AGVs), as autonomous 
moving robots capable of transporting loads as intended, safely and without collid-
ing with other AGVs or humans that may be working together. As a result, complex 
networks of AGVs working together, known as AGV systems (AGVSs), are becom-
ing more prevalent in the manufacturing and logistics industries, where battery- 
powered and computer-controlled AGVs have become a reality.

According to Ullrich (2015), since the invention of the AGVs in the 1950s, their 
60-year existence can be divided into four distinct eras. These eras can be 
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characterized by the available technology at the time and the emotional attitude 
toward the systems. They can also be viewed as evolutionary stages during which 
there were little technological advances, but which transitioned relatively suddenly 
into the subsequent era.

The first era of AGVS began in the United States in 1953 with the invention of a 
driverless, horizontally moving, AGV which was simply a tow truck that followed 
an electrically conductive wire in the floor instead of a rail (Wikipedia, 2022). This 
principle is now referred to as inductive track guidance, in which the AGV orients 
itself while driving along an induced magnetic field. For safety, tactile “sensors” 
such as bumpers and emergency stop handle with mechanical switches were used at 
that time, and the stations at which loads (goods) were to be transferred from/to, 
were coded with magnets embedded in the floor and detected by sensors in the 
vehicles. After its invention, the technology was subsequently followed by Europe 
a few years later. This period spanned more than two decades without significant 
technological advancements.

The second era started in the 1970s and lasted until the early 1990s, and it was 
marked by the introduction of electronics, basic onboard computers, and control 
cabinets. Active induction track guidance utilizing a wire on the floor, or stainless 
steel strips (Hollingum, 1998), became the norm, and data transfer utilized the same 
wire, infrared, or radio signals. By then, the classic AGVS was finally developed, 
combining the ever-increasing productivity with the use of manned transport sys-
tems created a need for a greater degree of automation to reduce production costs 
over the long term. Several technical innovations were introduced by then. High-
performance electronics and microprocessors entered the scene by that time, 
enabling faster computing and consequently more complex use scenarios. Powerful 
new batteries were introduced, and battery charging became fully automatic. 
Intelligent and increasingly automated load handling occurred, and the mobility of 
vehicles increased. The production processes were streamlined to accommodate 
AGVs, which could then serve as mobile workbenches (assembly lines).

During the third era, which lasted from the mid-1990s to roughly 2010, techno-
logical standards and new markets were established. Electronic guidance and con-
tactless sensors controlled by standard personal computers began to appear on 
AGVs containing powerful microprocessors. Conductive cable guidance has been 
discontinued. Magnetic and laser navigation have been adopted as traditional “free” 
navigation technologies, while WLAN has become a standard method of data trans-
fer. AGVs have benefited from advances in materials flow and warehouse technol-
ogy, mechanical engineering production methods, and assembly technology. 
Improvements in computing and sensory technology lead to key advances in vehicle 
and controlling technology. Improved sensory technology allowed faster driving, 
maneuvering, and load handling. Vehicles have become simpler and less expensive. 
Inductive energy transmission and new navigation methods (e.g., magnetic, laser-
based, transponders, and building navigation) in AGVs controlled by personal com-
puters have been adopted. Data transfer through WLAN and new areas of 
functionality, such as serving bulk- storage warehouses or hospitals. Further details 
and an extensive list of AGVSs companies and key developments involving current 
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AGVSs manufacturers during these three eras can be found in Ullrich (2015, 
pp. 11–13).

Since the 2010s, the world of AGVSs has entered a new evolutionary phase with 
a profound effect on both technology and new applications. This new era will not 
completely replace the last one, but rather expand upon its successes. This means 
that the applications and technological solutions of the third era will continue to be 
utilized! The technological foundation for the ensuing changes is supported by new, 
low-cost, and intelligent sensor systems, internet-based sensing software develop-
ments, and the ongoing industry digitalization.

A large variety of laser, radar, LIDAR, infrared, ultrasound, and video systems 
are used in today’s AGVSs designs, and these will continue to advance in tandem 
with advancements driven by the automotive industry. It is not yet entirely known, 
however, which technologies or technology combinations will prove most useful. 
The problems that exist in the present day in terms of functionality are a direct result 
of the use of existing systems. In short, these may include (Ullrich, 2015): truly 
autonomous driving, avoiding obstacles, recognizing disruptions, pallet finder, 
truck loading, learning new tasks quickly, moving traffic in outdoor usage, reacting 
quickly, speech guidance, energy use, and battery disposal. As a result of the fourth 
era’s functional challenges and technological advancements, a wide variety of new 
application scenarios and end users will emerge, complementing and expanding 
upon today’s well-established markets.

The technology associated with AGVSs and guidelines for when and how to 
employ it has been provided by Feledy and Luttenberger (2017). Developments on 
traffic management of AGVSs in flexible manufacturing systems were addressed by 
Olmi (2011). The state-of-the-art and comprehensive studies of AGVs have been 
reported in the open literature (Ali & Khan, 2010; De Ryck et al., 2020; Fragapane 
et al., 2021; Hoff & Sarker, 1998; Liang et al., 2021; Lu et al., 2022; Lynch et al., 
2018; Mohammadpour et  al., 2021; Oyekanlu et  al., 2020; Reis et  al., 2022; 
Vijayaram, 2006; Vis, 2006). In short, the available technology, recent and ongoing 
studies have addressed:
Types and categories of AGVs (Egemin, 2014; Ullrich, 2015, §3.3.1);

–  Guidance control systems (Bao et al., 2019; Cai et al., 2011; Chen et al., 2004; 
Djordjevich et  al., 1999; Feng & Jiao, 2017; Hu et  al., 2020; Iñigo & Alley, 
1991; Rajagopalan et al., 1992a, b; Turpin, 1986; Yadav et al., 2018);

–  Navigation methods (Ai et al., 2021; Cui et al., 2021; Culley & Baldur, 1988; 
Iñigo & Alley, 1991; Isrofi et al., 2021; Kusche, 1996; Lin et al., 2021; Liu et al., 
2020; Man et al., 2010; Pan, 2021; Ray et al., 2008; Song et al., 2016; Tang 
et  al., 2021; Wang et  al., 2020; Yang et  al., 2021; Yao & Zeng, 2012; Zhou 
et al., 2021);

–  Obstacle avoidance (Ball, 1996; Bosnak & Skrjanc, 2021; Chen, 2010; Cucchiara 
et al., 2007; Digani et al., 2014; Li et al., 2021; Norton et al., 2019; Praserttaweelap 
et  al., 2019; Shirai, 1990; Teso-Fz-Betoño et  al., 2019; Wu et  al., 2017; 
Xie, 1995);
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–  Safety (Cheshire, 1985; Kang et  al., 2010; Nanthavanij et  al., 1995; 
Praserttaweelap et al., 2019; Sabattini et al., 2016; Stimming et al., 2015; Tracey, 
1985; Yang et al., 2017);

–  Batteries and charging (Dehnavi-Arani et al., 2019; Pian et al., 2019; Schlieck, 
1986; Schmidt et al., 2015);

–  Environmental and sustainability concerns (Aguiar et  al., 2019; Małopolski, 
2018; Stefanini & Vignali, 2022);

–  Operational, functionality, and optimization aspects (Arques Corrales & Aznar 
Gregori, 2020; Cao & Peng, 2020; Ganesharajah et al., 1998; Jiang et al., 2020; 
Lin et al., 2023; Sauer et al., 2022; Sun et al., 2021; Wang et al., 2021; Wu et al., 
2022; Xie et al., 2020; Zou et al., 2022); and

– Fields of application (Ullrich, 2015).

The AGV can navigate guided or free, so it is necessary to plan the route. To help 
in this navigation and guarantee safety, it is equipped with sensors that stop it in case 
of an obstacle. The problem of autonomous navigation of mobile robots is divided 
into three main areas: localization, mapping, and path planning (Stachniss, 2009). 
Localization consists in determining in an exact manner the current pose of the 
robot in an environment (Where am I?). Mapping integrates the partial observations 
of the surroundings into a single consistent model (What does the world look like?) 
and path planning determines the best route in the map to navigate through the envi-
ronment (How can I reach a given location?) (Fuentes-Pacheco et al., 2015).

Nowadays, as presented in Fig. 20.1, there are many AGV navigation options 
with diverse features that can be divided essentially into two groups (BlueBotics, 
2022a, b):

• Navigating along physical lines (a.k.a. line following); this could be magnetic 
tape, painted lines, inductive wire, or (less often) rails; for simplicity, we can also 
include tags.

• Navigation technologies that guide vehicles along digital (software-based) paths.

Over the years, navigation technology has become more sophisticated, and today, 
automated vehicles are mainly laser navigated, but computer vision systems are tak-
ing their place alongside the development of autonomous automobile navigation. 
This chapter is focused on AGV localization and, more particularly, on the use of 
ArUco markers to enable it using only one camera. The ArUco is a square-based 
fiducial marker system which, in turn, is composed of a set of valid markers and an 
algorithm that performs their detection and possible correction (Garrido-Jurado 
et al., 2014). The square-based fiducial markers system’s main advantage is that the 
presence of four prominent points can be employed to obtain the pose, while the 
inner region is used for identification (either using a binary code or an arbitrary pat-
tern such as an image).

The different parts of the project of the AGV reported in this chapter were carried 
out simultaneously. In order to reduce costs, some components that were offered 
were used, which, in a way, determined some of the choices made in this project. 
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Fig. 20.1 AGV navigation technologies and features comparison. (Source: Adapted from 
BlueBotics, 2022a, b)

There are four main aspects of the development of the AGV that have been consid-
ered in the organization of the chapter, namely, locomotion, structure, control, and 
location. The locomotion consists of the selection of the motors to be used and the 
components that will give movement to the AGV. The structure concerns the chassis 
of the AGV as well as all armor. The control part, whose function is to command 
and control the motors of the AGV, was developed simultaneously with the chassis 
and the part that refers to the location, i.e., control of the position and orientation of 
the AGV, was the one where the work started. This chapter introduces a novel 
approach and contributes to advance the state of the art by simplifying the design of 
an AGV’s indoor navigation system by using ArUco markers.

20.2  Specification and Requirements

The specifications of the developed AGV should enable it to transport a payload of 
at least 50 kg with a tare weight not exceeding 20 kg (Table 20.1).

The project is however constricted by the technical data of components that were 
kindly offered by companies that sponsored the project (Table 20.2).
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Table 20.3 Dynamic capabilities of the AGV

Parameter Value Unit
Output force for each wheel 200 N
Friction for each wheela 137.2 N
Linear velocity < 425.4 mm/s
Acceleration for emergency stop < 1.8 m/s2

Required force for emergency stop < 80.47 N
Time to achieve a full stop 0.23 s
Payload height to length ratio for AGV stability 2.5 mm/mm

a This means that the full motor output torque is not available

Table 20.1 AGV requirements

Parameter Value Unit
Payload > 50 kg
Tare weight < 20 kg
Inclination <= 5 %
Emergency stop distance < 50 mm

Table 20.2 Limitations associated with “sponsored” components

Parameter Value Unit
Motor with reducer output torque 12.5 N⋅m
Motor with reducer output velocity 65 rpm
Wheel friction ratio 0.4
Wheel diameter 125 m

Considering the selection from the available components, calculations were 
made to confirm the dynamic capabilities of the vehicle; Table  20.3 depicts the 
dynamic capabilities of the AGV.

20.3  Mechanical Architecture and Motion

Wheeled locomotion is one of humanity’s great innovations. The wheel was invented 
around 3000 BCE and the two-wheeled cart around 2000 BCE. Today four-wheeled 
vehicles are ubiquitous, and the total automobile population of the planet is over one 
billion. The effectiveness of cars, and our familiarity with them, makes them a natu-
ral choice for robot platforms that move across the ground (Corke, 2017).

There are multiple options to perform motion, positioning, and orientation of 
such platforms such as steerable wheels, omnidirectional wheels, and differential 
steering in conjunction with passive casters. The latter was the chosen solution for 
our AGV. Figure 20.2 shows the proposed concept with two independent motorized 
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Fig. 20.2 Differential 
steering structure with 
passive casters

Fig. 20.3 Developed AGV: isometric representation (left); photograph with detail of the interior 
structure and electronics (center); photograph of the complete vehicle with the camera (right)

wheels that perform the differential steering on the rear side and two passive casters 
on the front of the vehicle.

Figure 20.3 shows the isometric rendering of the structure of the vehicle and the 
picture of the constructed device.

Considering the lack of information about the bearings of the motor’s reducer, a 
transmission shaft, and the corresponding  bearings, were sized  and designed to 
guarantee the correct function under the specified loads. Figure 20.4 shows details 
of the complete assembly.

20.4  Computer Vision and Pose Estimation

As mentioned in the introduction, this project is focused on localization, particu-
larly, the use of ArUco markers to enable it using only one camera. With a well-
calibrated camera, after detecting an ArUco marker, knowing the position of the 
marker’s four corners, it is possible to determine its pose relative to the camera and 
the camera’s pose relative to the marker. The feature included in OpenCV was used 
both to calibrate the camera and to detect and calculate the marker’s position and 
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Fig. 20.5 Camera and marker with their referentials

Fig. 20.4 Design details of the developed AGV: wheel assembly (left); exploded view of the 
wheel assembly (center); photograph of the wheel assembly (right)

distance, in order to have available the ArUco libraries with Python 3 the opencv-
contrib-python was installed over the OpenCV library.

Figure 20.5 shows the relative pose of a marker relative to a camera, where Xc, 
Yc and Zc are the referential coordinates of the camera position considering its ori-
gin on the focal point of the camera,  and Xm, Ym and Zm represent a referential 
linked to the pose of the marker.

The function aruco.detectmarkers provides a list of read markers and a list of 
their corresponding outer corners. After this step, the function aruco.estimatePos-
eSingleMarkers provides a list of rotation and translation vectors from camera to 
each detected marker (rvecs and tvecs). Figure 20.6 shows the meaning of the tvec 
coordinates.

The rvecs represent the rotation from the camera referential to each detected 
marker's pose; the cv2.Rodrigues method easily converts a rvec to a rotation matrix 
which can then be converted to Euler angles or to a quaternion. This rotation matrix 
R can be used to transform the tvec from camera coordinates to the marker coordi-
nate system, which can be useful for navigation calculations:

 
R � � � �cv Rodrigues rvec and tvec tvec.m2. •R  
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Fig. 20.6 Position of the marker in camera reference frame

Fig. 20.7 Vehicle with camera facing a wall with a marker

With this information, it is possible to calculate both the relative position of the 
marker to the vehicle and the relative position of the vehicle relative to the marker 
which are both useful, for instance, to position the vehicle parallel to a wall where 
the marker is placed. Consider Fig. 20.7 where the vehicle is facing the marker at a 
random position). To place the vehicle parallel to the wall, Zc must be aligned with 
Xm; to do this, a rotation around Yc is required. Figure  20.8 shows the required 
rotation.

Once the rotation is performed the marker will probably fall out of the camera’s 
view. However, the location of the vehicle with respect to the marker is still known. 
Figure 20.9 shows the vehicle parallel to the wall and the distance it needs to move 
in order to position itself in front of the marker.
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Fig. 20.9 Vehicle parallel to marker and distance required to place vehicle in front of marker

Fig. 20.8 Required 
rotation to place the 
vehicle parallel to marker

Once the vehicle has advanced the required distance to position itself directly in 
front of the marker, it should rotate 90° and after this movement it should once again 
have the marker in the camera’s vision field; in fact, the marker should be very close 
to the center of the camera’s image, where distortions are minimal, and this can be 
used to correct the pose estimation for the rest of the maneuver.

The vehicle can now move orthogonally toward the marker in a perfect maneuver 
for docking on a loading/unloading, a charging station, or a position for the perfor-
mance of any kind of task by a machine or manipulation robot.
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Fig. 20.10 Functional diagram of the control system

20.5  Electronics and Control

The control system performs motor and trajectory control, sensor feedback, battery 
management, pose estimation with computer vision, and path planning. Some of 
these features are implemented with lightweight algorithms that require cycle time 
reliability. These are run in and Arduino Mega2560; other algorithms, such as pose 
estimation and path planning require higher processing power but don’t really need 
to be performed in real time, these are run in a Raspberry Pi. Figure 20.10 presents 
the functional diagram of the control system.

The motors and the encoder require a 24VDC power supply, all other compo-
nents are supplied with 5VDC. Two 12VDC batteries are used to supply the vehicle, 
one of the batteries supplies the electronic circuitry through a Buck converter. The 
other battery is connected to a two-contact inverting relay that connects it in series 
with the first battery for vehicle operation and in parallel for simultaneous charging. 
The rest position of the relay places the circuit in charging mode; this feature guar-
antees the possibility of charging both batteries even when they are dead flat. The 
detailed control circuit is presented in Figs. 20.11 and 20.12.

The Raspberry Pi is running the control application in Python 3 with OpenCV 
and the opencv-contrib-python extension that includes the ArUco library. Raspberry 
Pi OS includes the required drivers to interface with camera and Arduino USB mak-
ing the connection to both seamless.
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Fig. 20.11 Control circuit diagram 1

Fig. 20.12 Control circuit diagram 2

The communication between the Raspberry and the Arduino is done through an 
emulated serial port that runs over a USB connection. A simple communication 
protocol was developed for the first tests and proof of concept. Three commands are 
possible: “r”, “s” and “ “(space); “r”(run) turns on the motors and activates the 
closed-loop control to follow the position reference, “s”stops the motors and sets 
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Fig. 20.13 Implemented cascade control loop for each wheel

the reference to current position, and “ “ (space) turns off the motors and resets the 
closed loop controllers.

If the closed loop controllers are active, the client (Raspberry Pi) may cyclically 
send a message with the required positions of each wheel (left and right), in decimal 
format and separated by a coma, e.g., (200.5,-52.25). The server (Arduino) always 
replies with the current position of both wheels in the same format. The cascade PID 
controller attempts to follow the reference positions sent by the Raspberry Pi.

A closed-loop control algorithm controls each wheel independently. Initially, a 
simple PID control was implemented, however, it was very hard to find correct set-
tings that produced stable control whether the vehicle is loaded or unloaded and 
dealing with floor irregularities such as tile joints. Not willing to make the control 
of the wheels the core subject of this project, autotuning or treating this control as a 
nonlinear system was not desired. The implemented solution is well known in 
industrial environments as a PIV controller; in academia, this type of arrangement 
is called a cascade controller and it provides higher immunity to disturbances.

Cascade control is of great value where high performance is needed in the face 
of random disturbances, or where the secondary part of a process contains a signifi-
cant time lag or has nonlinearity (Altmann & Macdonald, 2005). This arrangement 
also has a good tolerance to nonoptimal control parameters, meaning the optimal 
control parameters for the vehicle with half the payload, will work well whether the 
vehicle is fully loaded or with no load at all. Figure 20.13 is a graphical model of the 
implemented controller on each wheel.

Note that the installation has a velocity controller, but the motor shaft has no 
tachometer or a velocity sensor of any kind. To produce feedback for this controller, 
the position attained from the encoder is differentiated, this is also a source of dis-
turbance that the control setup deals with well. The position controller is a complete 
PID controller as is the velocity controller, however, the latter integral and deriva-
tive gains are set to zero rendering it a proportional controller.

20.6  Tests and Validation

It was found that with the two models of camera used and with the tests performed, 
there is always some error. The cameras were calibrated using pictures of a chess-
board in many poses and distances with the function cv2.calibrateCamera;  then 
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Fig. 20.14 Distance estimation error with three different camera calibrations

Fig. 20.15 Distance estimation error with three different camera calibrations after compensation 
with linear regression rule

they were tested with an ArUco marker with 100  ×  100  mm size. Figure  20.14 
shows the measured errors with each calibration.

Calibration 1 was performed with the chessboard at distances between 1000 and 
2000 mm while calibrations 2 and 3 were performed with the chessboard between 
1000 and 3000 mm; a linear regression was used for each calibration and an error 
compensation was used to obtain more accurate values; the application of this com-
pensation resulted in what is shown in Fig. 20.15.

Calibration 2 was chosen resulting in a max error of 11.6 mm in distance calcula-
tion. Table 20.4 shows the distance estimation error after calibration and compensa-
tion with a linear regression rule.

The closed loop controller was tuned to a point where the final positioning error 
was under 2°, which results in a position error for each wheel under 2.18 mm; 
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Fig. 20.16 Sequential steps of the AGV searching and approaching the marker (time advancing 
from left-to-right and top-to-bottom)

Table 20.4 Marker distance measurements (mm)

Distance Calculated distance Error Error with linear compensation
1000 644 – 356 + 7.8
1500 994 – 506 – 2.4
2000 1341 – 659 – 11.6
2500 1708 – 792 – 0.8
3000 2076 – 924 + 7.0
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considering that it was possible to maneuver the vehicle in order to make a first-
course approach to the marker and afterwards make a second and more accurate 
movement, the combined position error achieved was under 10 mm (Fig. 20.16).

20.7  Conclusion

Computer vision combined with a fiducial marker system is said to be an accurate 
way to combine features in the real world with features generated in virtual models. 
The ArUco system is a variant of such a system that is optimized for applications 
with low computing resources; yet it provides fast and accurate results that can be 
used for augmented reality but also for robotics applications. This project proves 
that the ArUco can be used for position and pose estimation and can be used with 
off-the-shelf components to guide a vehicle with a payload of 50 kg with an accu-
racy close to 1  cm. Further work can be done and this technology reveals good 
potential for application both in the field of AGVs and in the field of manipulation 
robotics.
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21.1  Introduction

From food packaging to surgery and construction, plastic is everywhere nowadays. 
The synthetic plastic we use today started its life as Bakelite at the beginning of the 
twentieth century and was further developed for multiple applications after World 
War II and is currently derived from fossil hydrocarbons, having been used as one 
of the most man-made materials to date (Geyer et al., 2017). The amount of plastic 
used in domestic and industrial usage generates large amounts of waste, making it 
one of the world’s biggest environmental concerns.

Recycling plastic is a complicated task due to the diversity of applications, den-
sity, and other properties, even with a straight recovery of plastic, to be economi-
cally feasible it requires separation and processing by plastic type (Corbitt, 1999). 
Being so, and to keep up with the plastic waste generated from the global demand, 
landfill is one of the possibilities, since plastic is very stable on decomposition 
(Akah et al., 2015). On the other hand, the lack of available space for landfill and its 
operational costs are leading to recycling options to avoid pollution and recover raw 
materials which can be reused (Aguado & Serrano, 1999).

Plastic pollution has become one of the most pressing environmental issues as 
the rapid increase in the production of single-use plastic items strains the world’s 
ability to deal with them.
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Plastic pollution is most visible in developing countries in Asia and Africa, where 
waste collection systems are often inefficient or nonexistent. However, in the devel-
oped world, especially in countries with low recycling rates, there are also problems 
in collecting and discarding plastics properly (National Geographic, 2019).

In addition to plastic reduction, it is important to introduce the concept of a 
Circular Economy. There are several ways to define Circular Economy (Kirchherr 
et al., 2017), and some fall within the scope of this project. In the production of 
goods, significant volumes of materials are commonly lost in the chain between 
mining and final manufacturing. For instance, the Sustainable Europe Research 
Institute (SERI) estimates that each year the manufacturing of products in OECD 
countries consumes over 21 billion tons of materials that aren’t physically incorpo-
rated into the products themselves (Ellen MacArthur Foundation, 2013).

One of the sources of waste is the general obsolescence of products. This, when 
not programmed, occurs due to variations in the supply and demand relationship. In 
any case, the obsolescence of products causes the early appearance of waste, namely, 
plastic (Sandborn, et al., 2007). Thus, as we will see, one of the project’s stakehold-
ers defines itself as capable of guaranteeing the value chain to delay as much as 
possible the obsolescence of lighting fixtures, guaranteeing the supply of consum-
ables, in this case, LED lamps, extending the warranty period of the products 
supplied.

The aforementioned value chain is supported by the ability of lighting fixtures to 
connect to a Wi-Fi network, which can signal the occurrence of faults. With small 
parameterizations, the occurrence of the fault can be notified to the registered sup-
plier of the same equipment, with the prior authorization of the user. Thus, the solu-
tion falls within the scope of the Internet of Things (IoT) concept (Guo, et al., 2020). 
This aspect increases the efficiency of the lighting solution, increasing the overall 
sustainability of the solution (Casini, 2014).

The present conceptual research has two main objectives: (1) Design and apply 
intelligent design in domestic lighting aiming the reduction of plastic, and other 
metals and (2) Contribute to the literature enhancement, as there is no available lit-
erature on plastics reduction for domestic lighting.

This chapter is organized as follows: It starts with an introduction to general 
plastics and lighting, and in Sect. 21.2, a brief literature review addressing the gen-
eral use of plastic. Section 21.3 focuses on the methodology used in the reduction 
of plastic and metals in a real application project. Section 21.4 discusses the initial 
results obtained in the project. Finally, Sect. 21.5 presents the general conclusions, 
contributions, limitations, and clues for future projects.

21.2  Literature Review

According to an OECD report (2018), “Plastics are widely used materials that 
deliver a range of important benefits to society. Their global production and use are 
expected to increase fourfold to 2050.” Being so, a constant rise is expected in 
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Fig. 21.1 Global primary plastics production. (Source: Geyer et al., 2017)

plastic production and consumption in all areas and sectors; one may ask, is there 
any sector in particular that stands out in plastic production? According to Geyer 
et al. (2017), domestic and industrial packaging leads the production rank, followed 
by building and construction (Fig. 21.1).

On the other hand, another question is posed, what to do with plastic waste after 
its lifetime? According to Geyer et al. (2017), the majority of the produced plastic 
is either discarded or incinerated, the remaining part is recycled (Fig. 21.2).

Since recycling plastic may delay the process instead of avoiding its final dis-
posal, if the current production and waste management continue within this trend, it 
is expected that by 2050, 12,000 Mt. will be deposited in landfills or spread over the 
environment (Geyer et al., 2017).

Taking the above problems into consideration, it makes more sense to think of 
solutions to avoid reaching critical values of plastic waste, this can be (1) intelligent 
use of available technologies and (2) considering the clever design to avoid plastic 
production and use (Geyer et al., 2017).

21.3  Methodology

Assuming the second above option (intelligent use of available technologies), the 
authors designed a feasible project together with the most relevant stakeholders 
(academia, industry, and municipality) to install intelligent lighting instead of nor-
mal domestic lighting in a real application project of construction of two apartments 
of T2 configuration (two bedrooms, kitchen, living room, one WC, and hall).

The apartments are municipality property. The first apartment is being built using 
traditional domestic lighting (using copper cabling, switches, and Led lights). The 
second apartment is being built using intelligent lightning (using intelligent Led 
lights) and reducing as much as possible copper cabling, switches, and other electri-
cal components using plastic.
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Fig. 21.2 Cumulative plastic waste generation and disposal (in million metric tons). Solid lines 
show historical data from 1950 to 2015; dashed lines show projections of historical trends to 2050. 
(Source: Geyer et al., 2017)

At the end of the construction, a certified electric and independent company will 
provide the final figures and comparison between the two apartments in terms of 
plastic, copper, and other metals reduction.

As for this chapter, the results obtained are real laboratory figures, using mathe-
matical figures from samples of the material being used in the current construction 
of the apartments.

This joint project aims to reduce the use of plastic, as well as copper, in new 
housing construction, or reconstruction by placing intelligent lighting controlled by 
wireless communication in on/off modes or dimming, not using different compo-
nents such as switches, piping, and electrical wires used in a classic assembly 
between control points and junction boxes.

The adoption of this lighting solution makes the concepts of energy efficiency 
and IoT (Internet of Things) connectivity appear in the project, which promotes 
efficiency and sustainability. An ordinary smartphone through an application con-
trols the luminaires that will be used in the smart installation.

Another aspect that should be highlighted is the concept of circular economy 
underlying the project, as the lighting is built using 3D printing by additive manu-
facturing with recycled plastic. In this way, we have a circular economy in parallel 
with the reduction of plastic through its recycling in the production of filament for 
3D printers (Despeisse et al., 2017).
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21.3.1  Stakeholders

This chapter reflects a real project between three relevant stakeholders (academia, 
industry, and municipality) to achieve plastic and metal reduction in the area of 
construction.

As for the stakeholders’ names, and due to the confidentiality statements required, 
the involved entities will be described as A, B, and C.

21.3.1.1  Entity A (Academia)
The academia is represented by a Higher Education Politecnic, which exists in Vila 
Nova de Gaia for over 30 years. It develops higher education courses such as CTeSP 
(level 4), Bachelors (level 5), and Masters (level 6). The competence for this project 
comes mainly from the CTeSP courses in Electronics and Industrial Automation 
and Renewable Energies and Energy Efficiency of the Degree in Electronics and 
Automation Engineering. In addition to higher education. Moreover, it develops 
R&D projects applied to the provision of services to the community. In this project, 
it does all the electric and electronic calculations, laboratory simulations and tests, 
and project monitoring as part of the monitoring committee.

21.3.1.2  Entity B (Industry)
The industry is represented by a multinational lighting corporation founded at the 
end of the nineteenth century. It is a world leader in lighting for professionals, 
domestic consumers, and lighting for the Internet of Things. Its energy-efficient 
lighting products, systems, and services enable its customers to enjoy the superior 
light quality and make people’s lives safer and more comfortable, making busi-
nesses more productive and cities more livable. In this project, it advised and sup-
plies all the intelligent lighting (and its applications) for apartment 2. Furthermore, 
it provides project monitoring as part of the monitoring committee.

21.3.1.3  Entity C (Municipality)
The municipality chosen for this project is amongst the biggest municipalities in 
Portugal and offered its services and construction site as part of their Urban 
Planning, Social Housing, and Urban Rehabilitation department. Its mission is to 
perform with rigor, competence, and excellence the attributions delegated by the 
municipality administration. It intends to be a reference of excellence in the services 
provided to citizens, nationally and internationally, being an open, intelligent, eco-
logical, and innovative municipality. This municipality is part of the European 
Smart Cities. In this project, it has provided access to their construction site 
(Apartments 1 and 2). Moreover, it provides project monitoring as part of the moni-
toring committee.
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21.3.2  Presentation of the Object of Study Application

The prototype installation and monitoring (apartments 1 and 2) will be carried out 
in a building under reconstruction located in Largo Senhora do Monte, parish of 
Pedroso, Vila Nova de Gaia (Figs. 21.3, 21.4, and 21.5).

The building is intended for multifamily occupancy with one T3 apartment, two 
T2 apartments, and one T1 apartment. Each fraction consists of a kitchen, living 
room, one, two, or three bedrooms, and complete sanitary installation. As men-
tioned above, our research will be carried out on two completely identical apart-
ments (T2 apartments) (Fig. 21.6).

Fig. 21.3 Building location. (Source: GAIURB, 2022)
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Fig. 21.4 Building detail. (Source: GAIURB, 2022)

Fig. 21.5 An aerial view 
of the building (to be 
started). (Source: Google 
Maps, 2022)
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Fig. 21.6 Indication of the T2 apartments, one on the lower floor and another on the upper floor 
of the building. (Source: GAIURB, 2022)

21.4  Results Discussion

As the reconstruction has not yet started, the entire comparative study of the solu-
tions is based only on the Autocad file plans provided by the municipality services.

According to the reconstruction project engineer, the T2 apartments will have 20 
light points, 2 “switches,” and 6 “two-way switches.” In addition to these materials, 
we have inventoried a set of plastic or plastic components with metal that make up 
the electrical circuits, guaranteeing safety according to electrical regulations, e.g., 
electrical wires, electrical junction boxes, electrical wire routing tubes, switchgear 
boxes, connectors, and unions.

To estimate the quantities of material to be used in a classic installation, it is 
necessary to remember how to implement each of the circuits:

• Simple switching: Always used to control a single circuit, with one or more 
lamps, from a single place. For example, bathroom, kitchen, and pantry.

• Two-way switching: Used to control a single electrical circuit from two different 
locations. For example, stairs, hallways, and rooms.

Figures 21.7 and 21.8 show the single-line and multiline schemes for each case.
As one of the objectives of the research is to quantify the reduction of plastic and 

metals through the adoption of wireless technology that allows the switching of 
light points, it is important to quantify which components are left to exist with the 
adoption of this same technology.

As can be seen in Figs. 21.7 and 21.8, the elimination of switches has the impact 
of eliminating electrical wires and pipes in different numbers and distances between 
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Neutral

Phase

Ground

multiline schemesingle-line scheme

Fig. 21.7 Simple switching connection. (Source: Authors)

single-line scheme

Neutral

Phase
Ground

multiline scheme

Fig. 21.8 Stair or room switching connection. (Source: Authors)

the switchgear box and the junction box. Thus, the phase and neutral installation 
between the junction box and the light points remain intact.

Thus, it is clear that the material that is discarded in an electrical installation for 
wireless-controlled lighting is the following:

• Switchgear boxes.
• Switch or two-way switch.
• Electrical wires, from the Switchgear boxes to the Electrical junction box.
• Electrical wire routing tubes, from the Switchgear boxes to the Electrical junc-

tion box.
• Unions.

A unit of each component was purchased, out of which the global weight and the 
partial weight were estimated considering the plastic and the material.

Table 21.1 summarizes the weight and quantities for each of the components of 
the lighting electrical circuit considering the electrical diagrams consulted in 
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Table 21.1 Components of the lighting electrical installation

Electrical component Quantity
Unit 
weight

Total 
weight

Plastic 
weight

Metal 
weight

Switchgear boxes 8 0,029 kg 0,232 kg 0,232 kg 0 kg
Switch 2 0,046 kg 0,092 kg 0,086 kg 0,006 kg
Two-way switch 6 0,046 kg 0,276 kg 0,258 kg 0,018 kg
Simple copper electrical 
wires

53 m 0,030 kg 1914 kg 0,854 kg 1,06 kg

Electrical wire routing 
tubes

53 m 0,122 kg 6466 kg 6466 kg 0 kg

Unions 28 0,003 kg 0,084 kg 0,084 kg 0 kg
Totals 9064 kg 7980 kg 1084 kg

Autocad files and descriptive memories attached to the architectural process of the 
building’s recovery project. It also disaggregates between the plastic and metal 
weight of the analyzed components.

As can be concluded from Table 21.1, in an intelligent lighting installation in a 
T2 apartment, a reduction of about 9 kg of material can be achieved. Out of this 
reduction, almost 8 kg is plastic and just over 1 kg is metal. Apart from the positive 
environmental impact, this type of solutions will slow down the increment in plastic 
production and usage Geyer et al. (2017). Furthermore, it will encourage a circular 
economy approach, entities can be seen as part of the ecosystem and will influence 
the decisions of future consumer purchasing (Castro Oliveira et al., 2022).

21.5  Final Considerations

21.5.1  General Conclusions

Although being in a construction phase, the authors could simulate in a laboratory 
the expected reduction in plastics and metal for two similar apartments, one using 
traditional lighting and the other using intelligent lighting.

The results obtained (circa 8Kg reduction in plastic, and about 1Kg in metal) are 
very promising, and set new approaches in domestic lighting, having in mind plastic 
and metal reduction, besides encouraging companies to a circular economy approach 
(Castro Oliveira et al., 2022).

21.5.2  Contributions

This research has contributed to knowledge in two forms: (1) Literature enrichment, 
and (2) Managerial advice.

From the literature point of view, this research opened a new area in the litera-
ture, as from the authors’ knowledge the current literature is a generalist and does 
not focus on this particular area (plastic reduction in building and construction).
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As for managerial advice, this research (although with laboratory results) can 
contribute to new ways to project and build domestic buildings, having in mind a 
sustainable manner focused on plastic and metals reduction, sustainability, and cus-
tomer satisfaction.

21.5.3  Limitations

This chapter faced some limitations, first on the literature, as mentioned earlier the 
available literature is generalist and not focused on the area of research. Being so, 
some parts of this paper had to be brief (i.e., Literature review).

On the other hand, and since the project is in the building phase, some of the 
results were obtained through laboratory experimentation and calculation.

21.5.4  Clues for Future Projects

Since this is a new area, having in mind construction and materials reduction, this 
research can be applied to other types of buildings.

Furthermore, when applied to civil and electrical engineering, the actual results 
may lead to new formulas to calculate material reduction (plastic and others).
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22Sustainability in Society 5.0 Perspective

Zehranur Sanioğlu Tanış

22.1  Introduction

We live in a socially challenging, uncertain, and complex age. Increasing world 
population, industrialization and excessive consumption habits of people have 
increased the need for energy. In order to meet this energy need, people have reck-
lessly used natural resources, leading to their depletion, environmental degradation, 
and global disasters. People are starting to understand that they need to take action 
to prevent all these problems that the world is facing. In order to be protected from 
the destructive effects of the digital transformation experienced with Industry 4.0 
and to benefit from its constructive effects at the highest level, the Society 5.0 
approach, which puts people and society at the center, has emerged. The Society 5.0 
philosophy is to transform states, institutions, and society into a smart society. It 
paves the way for energy, cities, regions, disaster prevention and mitigation, agricul-
ture and food, logistics, manufacturing service, finance, healthcare, and public ser-
vices. While realizing these, it is also to ensure that the Sustainable Development 
Goals of the United Nations can be achieved. In this direction, in this study, we first 
tried to give information about the philosophy of Society 5.0 and the sustainable 
development approach. Then, we examined and summarized the results of different 
studies dealing with Society 5.0 practices that mediate the achievement of 
Sustainable Development Goals.
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22.2  Society 5.0 and Sustainable Development

Society 5.0 has emerged as a philosophy that focuses on society by providing solutions 
with new technologies in all sectors and social activities to ensure sustainable develop-
ment (Higashihara, 2018; Keidanren Policy and Action, 2016; Nakanishi, 2019). The 
Society 5.0 model aims to create a human-centered society and uses technology and 
innovation to achieve this (Higashihara, 2018). In 2016, the Japanese government 
launched what it calls a “Super Intelligent Society” or “Society 5.0” to tackle the prob-
lems it faces such as the declining birthrate, aging population, and deteriorating infra-
structure (Council of Science, Technology and Innovation, 2016). Society 5.0 follows 
Industry 4.0 to some extent. However, it aims to contribute to the quality of life, social 
welfare, sustainability, and economic growth by taking the transformation realized 
with Industry 4.0 beyond the industry. In order to achieve this, it tries to create “Super 
Smart Societies” where new knowledge and values are revealed by making more use 
of the results of Industry 4.0 and technology (Ferreira & Serpa, 2018; Fukuda, 2020).

One of the focal points of Society 5.0 is to combine cyberspace and physical 
space to provide appropriate infrastructures for a sustainable life (Higashihara, 
2018; Keidanren, 2019). In other words, the Society 5.0 model predicts the creation 
of a sustainable society where various values are interconnected by cyber-physical 
systems and where people can live under safe and comfortable conditions (Shiroishi 
et  al., 2018). In the report prepared by Keidanren, the Japanese Federation of 
Economic Organizations, the main objectives of Society 5.0 are: developing solu-
tions against the aging world population, making the virtual world and the real- 
world work together, making use of the Internet of Things by considering the 
interests of the society, and producing solutions for environmental pollution and 
natural disasters. Again, in the same report, the obstacles to be faced in the creation 
of Society 5.0 are listed as follows (Keidanren, 2016):

• Barriers in the legal system
• Scientific gaps in the digitization of objects
• Lack of qualified personnel
• Sociopolitical prejudices
• Social resistance

In order to overcome all these obstacles, five steps have been determined. First of 
all, it was stated that national strategies should be created by Ministries and Agencies 
and the state incentive system should be integrated. It was emphasized that the next 
step was to develop laws suitable for new technologies by emphasizing the Legal 
System. In the third step, serious research and development studies on technologies 
such as cyber security, bio, nano, and robot were made and the importance of 
Technology development and use was explained. In the fourth step, it was stated that 
Human Resources should be developed by making educational reforms such as 
information technology literacy and equipping existing manpower with advanced 
numerical skills. In the last step, it was understood that Society 5.0 is also relevant 
to citizens, governments, academic circles, and all other stakeholders, and its Scope 
has been revealed.
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Fig. 22.1 Society 5.0 and the Sustainable Development Goals (Source: http://www.keidanren.
or.jp/policy/2018/095.html)

Society 5.0 will bring about major changes in lifestyles and industry. In addition 
to the transformation of existing industries, close partnerships spanning borders and 
industries across many sectors will enable people to lead different lifestyles. The 
aim of Society 5.0 is to enable all people to pursue their own happiness and life-
styles and to achieve sustainable development in harmony with nature by solving 
social problems. In short, achieving Society 5.0 will contribute to solving all global 
problems facing not only Japan but also the world but also meeting the Sustainable 
Development Goals established by the United Nations (Cabinet Office, 2017) 
(Fig. 22.1).

We can examine it under seventeen headings: (1) eradication of poverty, (2) end 
of hunger, (3) health and care, (4) quality education, (5) gender equality, (6) clean 
water and hygiene, (7) renewable clean energy, (8) equitable and non-exploitative 
work and economic growth, (9) innovation economy, (10) waste reduction, (11) 
sustainable cities and communities, (12) responsible and resourceful production, 
(13) climate protection, (14) protecting seabed life, (15) protecting natural life, (16) 
peace, justice and strong institutionalization, and (17) unity and cooperation in 
goals (Fukuyama, 2018). These Sustainable Development Goals (SDGs) enumer-
ated enable to reveal the creative perspective from various perspectives, and the 
necessary solutions to achieve these goals should be supported by digital transfor-
mation (Fukuyama, 2018).

In order to ensure sustainable development, the Japanese Businessmen’s 
Federation Keidanren (2019) has gathered the above-mentioned goals under nine 
headings. In this report, where Society 5.0 is declared to the world, information 
about the areas where the creation of the new society, called “Super Smart Society”, 
will benefit and what kind of innovations will come, cities and regions, energy, 
disaster prevention and reduction, health, agriculture and food, logistics, produc-
tion, and service, finance and public services (Keidanren, 2019: 15–20) (Table 22.1).

Sustainable development is a process of economic transformation that optimizes 
existing economic and social benefits without compromising the possibility of 
obtaining the same benefits in the future (Goodland & Ledec, 1987). It requires a 
socioeconomic system that can support an increase in income, improved education, 
improved public health, and overall quality of life (Pearce et al., 1989). Society 5.0 
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Table 22.1 Community 5.0 practices to achieve Sustainable Development Goals

Cities and 
regions

In urban areas, energy, transportation, logistics, waste, etc. related data will be 
shared for smart solutions. It is aimed to create a comfortable life.

Energy Microgrids integrating decentralized renewable energy, energy storage 
systems, and demand-side controls will be developed and be compatible with 
local conditions. Affordable, reliable energy will be available to all.

Disaster 
prevention

Digital technologies will be used to mitigate natural disasters by taking 
effective measures to prevent daily maintenance and infrastructure 
degradation. Maintenance and rapid restoration of water and sewer 
infrastructure will ensure the water supply will continue in the event of natural 
disasters and accidents.

Health The concept of health will be transformed into lifelong health services and will 
cover the fields of health, nursing, and medicine. Treatment according to 
individual health will be provided at the preventive stage to stop the onset and 
exacerbation of the disease. Access to high-quality healthcare will use 
next-generation high-speed communication networks and artificial 
intelligence-based medical and telemedicine technologies.

Agriculture 
and foods

Cutting-edge technologies such as artificial intelligence, agricultural robots, 
and remote monitoring and control by autonomous drones for on-site 
agricultural work will be leveraged.

Logistics New platforms will be created using various trading procedures to increase 
efficiency. Most jobs will be automated with autonomous driving, drones, and 
robots without the use of human power.

Production 
and services

Analyzing data and using it to produce useful goods and services requires a 
great deal of investment and professional knowledge. This situation will be 
facilitated by artificial intelligence modules, which will increase in efficiency 
thanks to digital transformation.

Finance Digital transformation will provide a variety of ready-made financial services, 
including payment, finance, and insurance. Low-cost, convenient, fast, secure, 
and versatile payment methods will enable people to live anywhere without 
cash.

Government 
policy

Central and local governments will rebuild their systems based on digitization. 
By digitizing many of their tasks and quickly sharing data between various 
actors, they will deliver more effective public services.

Source: http://www.keidanren.or.jp/policy/2018/095.html

is a more integrated environment that facilitates the merging of the digital and real 
worlds. The society of the future will continually develop new values and services 
that make people’s lives more affordable while ensuring sustainable growth 
(Budziewicz-Guzlecka & Drab-Kurowska, 2021: 401). Creating Super Smart 
Societies with Society 5.0 will have an important role in the realization of the 
Sustainable Development Goals.

22.3  Sustainable Development with Community 5.0 
Practices in the World

The aim of this chapter is to analyze and summarize the results of different studies 
dealing with Society 5.0 practices that mediate the achievement of Sustainable 
Development Goals. For this reason, we have tried to make a summary of the 
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previously published studies below. To this end, we reviewed studies that analyze 
world practices in the fields of cities and regions, energy, disaster prevention and 
mitigation, health, agriculture and food, logistics, production and service, finance 
and public services within the scope of Society 5.0, which will ensure the achieve-
ment of the United Nations’ Sustainable Development Goals. Within the scope of 
Society 5.0, which aims to increase the welfare and peace of the society and to real-
ize Sustainable Development Goals, there are application examples from various 
parts of the world, most of which are from Japan.

In 2017, Artificial Intelligence Technology Strategies was published, aiming at 
the development and implementation of artificial intelligence, which plays a key 
role in the creation of Japan Society 5.0. With the growing awareness of the impor-
tance of data sharing rules, Japan has started to work to create a global rule and in 
March 2019 the Principles of the human-centered Artificial Intelligence Society 
have been announced (Fukuda, 2020: 1). Japan, with its competence in technology, 
constitutes the elements of smart faktory, Internet of Things (IoT), machine-to- 
machine communication (M2M), industrial robots, sensors and semiconductors, 
robotic logistics solutions (such as transporter robots, conveyors), software pro-
grams and systems for industrial manufacturers, cloud It produces and sells 
advanced technology solutions in areas such as edge computing and edge comput-
ing (BTK, 2018: 23). At the end of Japan’s G-20 Presidency, the Society 5.0 vision, 
whose basic principles were accepted by the G-20 and B20 Leaders in their Summit 
Declarations, is launched as a roadmap that also serves the United Nations 
Sustainable Development Goals (Kara, 2020).

Faced with increasing medical and social security expenses and demands, as a 
solution to this situation within the scope of Japan Society 5.0; It aims to (1) support 
people’s independence through the provision of connectivity and information shar-
ing, including check-up, treatment, and care records, with medical data users; (2) 
the implementation of remote medical care services; and (3) the use of AI and robots 
in medical care facilities. Thus, by combining and sharing the scattered medical 
data in different hospitals, a more effective treatment based on data will be possible. 
Thanks to remote medical care, it can be possible to measure health data such as 
heart rate and decrease in the number of elderly people coming to hospitals 
(WHO, 2021).

In Japan, resulting in the elimination of the distortions on behalf of public infra-
structure, information and communication technologies (ICT), robots, and systems 
that require expertise by using new technologies that contain sensors for inspection 
and maintenance, repair areas that require early detection and diagnosis can be 
made and thus minimizing unexpected accidents and reducing the time spent on 
repairs (BTK, 2018: 24). A total of 229 smart city projects have been put into opera-
tion in 157 regions in Japan in public–private–academia partnership (Deguchi, 2020).

In addition to Japan, other countries are trying to implement Society 5.0 prac-
tices in order to achieve Sustainable Development Goals. There are many countries 
in the world trying to build “Smart Cities” that encourage and facilitate the partici-
pation of their citizens in physical and digital spaces, online and offline processes. 
For example, Tallinn, Singapore, and Amsterdam are trying to establish smart cities 
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using digital programs (Puutio, 2018). Similarly, San Francisco, Silicon Valley, 
New York, and London, which are known as the most powerful technology centers, 
are some of the cities that are compatible with the future (Kelly, 2018).

Society 5.0 aims to use data to create efficient energy networks. For this purpose, 
we can give an example of the Pakistani government’s plan that proposes the elimi-
nation of taxes on the production of solar and wind energy equipment in the country 
in 2019 in order to increase renewable energy production (Mukhtar, 2019). In the 
Rajasthan region of India, the use of solar energy is encouraged by the government 
(Banerji, 2018). Benban Solar Park in Egypt is one of the world’s largest and most 
ambitious projects. This solar park is expected to meet 20% of Egypt’s energy needs 
from renewable energy sources (Fleming, 2019). Mexico, on the other hand, has 
established 4000 Megawatts of new solar farms and more than 1000 new wind 
farms with the power generation reform (Ávila, 2019).

One of the fields in which advanced technologies are used with Community 5.0 
applications is the health sector. The use of artificial intelligence, which is one of the 
most effective products of advanced technologies, in health services is quite com-
mon. For example, the UK has created a digital physician thanks to an artificial 
intelligence-based chatbot and has established an organization called Babylon 
Health, which enables patients to interact directly with this physician in a very short 
time through a mobile application. The biotechnology company Insilico Medicine, 
headquartered in Hong Kong, has started collaborative work with a team from 
Oxford University to design drugs with fewer side effects using artificial intelli-
gence (Büyükgöze & Dereli, 2019).

22.4  Conclusions

In this study, we tried to deal with Society 5.0 practices, which are important in the 
realization of the Sustainable Development Goals. We have revealed the philosophy 
and practices of Society 5.0, which is thought to serve the world to overcome the 
ecological crisis it is in. The digital transformation that comes with Industry 4.0 has 
begun to change lives, cities, jobs, and behavior patterns, that is, society. The aim of 
Society 5.0 is to create societies that put society and people at the center by prevent-
ing the negative effects of technological advances. Thus, it will contribute to the 
adoption of practices that serve to bring about an economic transformation that 
optimizes current economic and social benefits without jeopardizing the possibility 
of obtaining the same benefits in the future. Many countries around the world, espe-
cially Japan, have started to implement these practices. These practices continue to 
increase in order to achieve the United Nations’ Sustainable Development Goals in 
the fastest and most stable way. New applications will continue to appear every day. 
All these applications are still very new. For this reason, although it is difficult to 
determine how effective the practices are, it is possible to say that they are trying to 
remedy the ecological crisis that the world is in.
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23The Role of Mathematics 
on the Sustainability: A Systematic 
Review

Catarina Oliveira Lucas and Joana Becker Paulo

23.1  Introduction

How can Mathematics contribute to improve sustainability today? It is already 
known the need to take care of the future to avoid greater damage to nature, the 
shortage of raw materials, and the very life of the planet. Mathematics helps with its 
concepts and calculations to carry out analyses, which provide recommendations on 
decision-making in favor of company’s objectives. Sustainability is also related to 
the economic issue, companies are currently concerned about becoming sustainable 
in terms of reducing costs and, simultaneity, of increasing their profits. Therefore, 
Mathematics can contribute considerably to greater economic, environmental, and 
ecological sustainability in the sense of using techniques and methods that lead to 
the optimization of companies’ resources, to a better use of existing assets.

Sustainability has opened a precedent to try a balance where the environment is 
preserved without harming the companies in their business issues. Thus, a new stra-
tegic model had to be thought, so that nature was protected without harming busi-
ness. According to Clarke et al. (1994), business and the environment can progress 
simultaneously in a win–win relationship. Being sustainable is no longer a cost 
when doing business; it is a catalyst for innovation, new market opportunities, 
wealth, and value creation.

This chapter aims to present a comparative analysis and synthesis of online 
information related to: Sustainability and Statistics, Sustainability and Mathematics, 
and Sustainability and Modelling. The generating research question was: “What is 
the role of Mathematics in the field of Sustainability?”. To facilitate answering such 
a broad question, several more concrete derived questions were formulated.
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23.2  Literature Review

For energy sustainability alone, mathematics has much to contribute to finding bet-
ter and less polluting ways to explore new energy, in increasing combustion effi-
ciency, in the development of alternative energy, in the management of energy grids 
and networks, and in minimizing the climate consequences of energy use. For sus-
tainability of financial markets and economic systems, the role of mathematics is 
equally ubiquitous and essential (Levin, 2013).

Levin (2013) identified a set of mathematical challenges toward achieving sus-
tainability: i) develop statistical mechanics of ecological communities, socioeco-
nomic systems, and the biosphere; ii) model the emergence of an ecological pattern; 
iii) determine indicators of impending critical transitions between states; and iv) 
develop schemes for robust governance in these multiscale systems.

The greatest challenge is to achieve cooperation in dealing with problems of the 
Global Commons (Hardin, 1968; Levin, 1999; Skyrms, 1996), especially as regards 
public goods and common pool resources. This brings to the fore a different set of 
mathematical tools—control theory, game theory, voting theory, and mechanism 
design (Akcay et al., 2012; Barrett, 2007; Dixit et al., 2012; Maskin, 2008; Myerson, 
2008; Saari, 2008a, b)—for identifying under what conditions cooperation is pos-
sible and how best to achieve it.

The problems of achieving sustainability are urgent and huge and will require 
complementary inputs of diverse disciplines (Levin & Clark, 2010; Rehmeyer, 
2011). Obviously, Mathematics has a great deal to contribute to addressing these 
problems; but it is equally certain, as has always been the case, that new mathemat-
ics will be stimulated by the energy and freshness that comes from new applications 
and new challenges. The discipline of mathematics has much to contribute, and 
much to gain, from engagement (Levin, 2013).

Lafuente-Lechuga et al. (2021) have reviewed international research focused on 
sustainability, big data, and the mathematical techniques used for its analysis. 
According to the authors, the mathematical techniques used in the empirical work 
are mainly regression analysis, neural networks, and multi-criteria decision methods.

Sadhukhan et  al. (2021) discussed a novel digital output using mathematical 
computation of life cycle sustainability assessment for design decisions on systemic 
holistic sustainability of technical systems.

23.3  Methodology

A qualitative methodology was used which consisted of a review based on a pre- 
defined systematic method to exhaustively search and identify the most relevant 
answers that Google provides to the research question.

According to Donato and Donato (2019), a Systematic Review is a less expen-
sive scientific investigation, it is a research article with pre-defined systematic meth-
ods to systematically identify all relevant published and unpublished documents for 
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a research question, assesses the quality of these articles, extracts the data, and 
synthesizes the results. When statistical methods are used to combine the results of 
two or more studies, it is called a meta-analysis (Donato & Donato, 2019). Also, 
MacLure et  al. (2016) described the reasons for conducting a systematic review 
including to: (a) identify, evaluate, and interpret available research evidence rele-
vant to a particular topic; (b) identify effective and ineffective interventions; (c) help 
inform practice and policy by providing integrated and unbiased evidence on which 
to base decisions; (d) and identify gaps in the literature to inform future studies 
(MacLure et al., 2016).

There are four essential criteria for a systematic review:

It must be comprehensive: all relevant literature in the field must be included.
A rigorous methodology must be followed—defining the research question, writing 

a protocol, searching the literature, collecting, screening, and analyzing the lit-
erature. The whole process should also be carefully documented.

A thorough literature search to find all relevant articles on the topic. Thus, it is 
important that the search strategy is rigorously developed with high sensitivity to 
find all potentially relevant articles and carry out this search in various databases 
and other resources.

At least two people should be involved, especially for article screening and data 
extraction.

Steps in the systematic review process (Donato & Donato, 2019):

 1. Formulate the research question.
 2. Produce a research protocol and record it (items 1 and 3–8 should be in the pro-

tocol for writing the systematic review).
 3. Define the inclusion and exclusion criteria.
 4. Develop a search strategy and search the literature—find the studies.
 5. Selecting the studies.
 6. Evaluating the quality of the studies.
 7. Data extraction.
 8. Synthesis of data and evaluation of the quality of the evidence.
 9. Dissemination of results—Publication.

23.4  Protocol

Responses from published and unpublished documents (articles, reports, and blogs) 
were analyzed. The quality of the extracted data was assessed, the answers provided 
by the different documents were compared and the results were synthesized.

The following steps were followed in the process:

23 The Role of Mathematics on the Sustainability: A Systematic Review
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23.4.1  Research Question

Q0: What is the role of Mathematics in the Sustainability scope?
To facilitate answering such a broad research question, more concrete derivative 

questions were formulated:

 Q1: What is the idea of sustainability?
 Q2: What is the meaning of suitable development?
 Q3: What is the difference between sustainability and sustainable development?
 Q4: What are the two key concepts of sustainable development?
 Q5: What are the three E’s of sustainability?
 Q6: What are the three principles of sustainability?
 Q7: Why are the three pillars of sustainability important?
 Q8: What are the four scientific principles of sustainability?
 Q9: What is the most important pillar of sustainability?
Q10: What are the four general indicators of sustainable development?
Q11: What are the primary goals of sustainability?
Q12: What are the seven dimensions of sustainable development?
Q13: What is a good example of sustainability?
Q14: Why is sustainability so important?
Q15: What does sustainability mean in education?
Q16: What is the role of students in sustainable development?
Q17: What does sustainability mean in Maths?
Q18: How does mathematics help our nation to be sustainable?
Q19: How does mathematics relate to the environment?
Q20: Does environmental science involve Maths?
Q21: Does environmental studies use Maths?
Q22: Why do environmental scientists use mathematical models?
Q23: What kind of Maths is used in environmental science?
Q24: How is Maths used in climate change?
Q25: What kind of Maths is used in environmental engineering?
Q26: Do environmental engineers do a lot of Maths?
Q27: How do environmental engineers use Maths?
Q28: Why do environmental scientists use mathematical models?

23.4.2  Research Protocol

This step will encompass all the other steps.
So, the work consisted in looking for answers to the questions formulated in 

Google, in different databases (articles, blogs, reports, etc.) about:

 (a) Sustainability
 (b) Sustainability and Statistics
 (c) Sustainability and Mathematics
 (d) Sustainability and Modelling

C. O. Lucas and J. B. Paulo
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The data sources used are indicated in the references section.

23.4.3  Inclusion and Exclusion Criteria

Initially, works describing concepts related to Sustainability were included. Also 
included were those that directly related to Mathematics and Sustainability. Papers 
that presented the usefulness of Mathematics in a more general scope of Science 
that was not directly related to Sustainability were excluded. For example, answers 
from works such as this one were excluded:

23.4.4  Search Strategy

It used the frequently asked questions suggested by Google as a tool that allows the 
description of the most viewed information related to Mathematics and Sustainability, 
it means the most accessed data information by Google users: researchers, teachers, 
students, professionals, and the general population (Fig. 23.1).

23.4.5  Selection of Studies

The selection of each of the studies providing answers to the questions formulated 
was also performed automatically by Google itself. Question and answer pages are 
web pages that contain information in the format of a question followed by its 
answers. For content that represents a question and its answers, it is possible to 
mark the data with the schema.org types QAPage, Question, and Answer. Properly 
tagged pages qualify for enhanced search displayed on the search results page. This 
enhanced treatment helps sites reach the right users in search (Google 
Developers, 2022).

23.4.6  Evaluating the Quality of the Studies

To qualify for enhanced search, a question must have at least one answer, either 
“acceptedAnswer” or “suggestedAnswer.” However, questions may not have 
answers when they are first published. It used a URL linked directly to the answer. 
It is highly recommended to provide a URL for each answer because it improves the 
user experience when they click through to the site.

STEM (science, technology, engineering, and maths)-related educational Q&A 
pages where the focus is on providing a correct answer to a question submitted by 

Answer: Conceptual and mathematical models are especially powerful because they are 
more precise models. They help explain an idea or relationship in a way that is easy to 
understand. (Environmental Science Flashcards | Quizlet)

23 The Role of Mathematics on the Sustainability: A Systematic Review
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Fig. 23.1 Description of the search strategy on Google

users may qualify for a carousel experience. These pages can only have a single 
answer provided or selected by internal experts, not users. For example, an educa-
tional page where a user submits a question, and the best answer is selected by 
experts (Google Developers, 2022).

23.4.7  Data Extraction

After the evaluation referred to in Sect. 23.4.6, several answers to the 28 questions 
presented in Sect. 23.4.1 were obtained. So, the next step was to separate them into 
categories.

23.4.8  Synthesis of Data and Evaluation of the Quality 
of the Evidence

At this stage, a procedure will be described for combining questions-answers, 
excluding some repetitions, joining some that can be similar, and compiling the 
questions-answers into groups:
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 (A) Related to concepts/definition of Sustainability
 (B) Related to Sustainability in Education
 (C) Related to Maths and Sustainability
 (D) Related to Mathematics’ curricular units of Degrees of Environment 

Engineering or Maths in studies related to Environment

The results of this data aggregation and evaluation are presented in Table 23.1.

Table 23.1 Compilation of questions and answers in groups

Group Questions Answers
A—
Sustainability

Q1 Q2 Q3 Q4 
Q5 Q6 Q7 Q8 
Q9 Q10 Q11 
Q12 Q13 Q14

Sustainable development is development that meets the 
needs of the present without compromising the ability of 
future generations to meet their own needs.
While sustainability is often thought of as a long-term goal 
(i.e., a more sustainable world), sustainable development 
refers to the many processes and pathways to achieve it (e.g., 
sustainable agriculture and forestry, sustainable production 
and consumption, good government, research and 
technology transfer, education...).
Three community dynamics are particularly important to 
building healthy and prosperous communities over the long 
term: economy, ecology, and equity (the 3 E’s).
Sustainability is made up of four pillars: human, social, 
economic, and environmental.
The four general indicators of sustainable development are: 
resources, biodiversity and habitat, productive natural 
resources, and sustainable energy.
The 17 Sustainable Development Goals (SDGs) of the 
United Nations are: No Poverty; Zero Hunger; Good Health 
and Wellbeing; Quality Education; Gender Equality; Clean 
Water and Sanitation; Affordable and Clean Energy; Decent 
Work and Economic Growth; Industry, Innovation and 
Infrastructure; Reduced Inequality; Sustainable Cities and 
Communities; Responsible Consumption and Production; 
Climate Action; Life Below Water; Life on Land; Peace, 
Justice and Strong Institutions; Partnerships for the Goals
The seven dimensions of sustainable development are: 
economy, community, occupational groups, government, 
environment, culture, and physiology. Renewable clean 
energy is probably the most obvious example of 
sustainability. Here are two examples. Solar energy: Once 
the sun’s electromagnetic radiation is captured, it produces 
electricity and heat. Wind energy: Wind turbines convert the 
kinetic energy in the wind into mechanical power.
Sustainability is important for many reasons, including: 
environmental quality—In order to have healthy 
communities, we need clean air, natural resources, and a 
nontoxic environment. It is required more resources such as 
energy, water, and space.

(continued)
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Table 23.1 (continued)

Group Questions Answers
B—
Sustainability in 
education

Q15 Q16 “Education for Sustainable Development allows every 
human being to acquire the knowledge, skills, attitudes, and 
values necessary to shape a sustainable future. 
Students usually play a vital role as initiators, drivers, and 
contributors of the sustainability processes, but the 
institutionalization of this engagement is useful through 
structures that assign responsibilities and provide resources 
and funds.

C—Maths and 
sustainability

Q17 Q18 Q19 Mathematics not only helps us to understand natural 
phenomena, it also allows us to sustain the majority of 
human activity on the planet. Transport networks, the 
Internet, and business transactions are all practical 
applications of research, graph theory, and number theory.
Maths provides confidence in climate change models, and it 
helps to improve existing renewable technologies. Maths is 
also key in assessing renewables based on observations from 
the environment. For example, weather data helps to predict 
efficiency of solar cells

D—Maths in 
studies related to 
environment

Q20 Q21 Q22 
Q23 Q24 Q25 
Q26 Q27 Q28

Core courses in the environmental science major include 
biology, chemistry, geology, and mathematics. Mathematics 
for environmental studies: To solve environmental problems, 
which cover ecological systems, weather, and ocean, it is 
effective to quantity and analyze these systems as 
mathematical models. For example, scientists use the models 
to relate the amount of energy reflected from objects to the 
objects’ physical condition. By calculating averages, 
analyzing variance, and making diagrams, it can find out 
whether the climate has changed and how. Predicting future 
climate requires mathematical modeling with differential 
equations and stochastic methods.
Maths plays an important role in the investigation of 
environmental science and climate studies (ESCS) issues. It 
is recommended that ESCS-focused maths programs include 
at least four applied courses such as mathematical modeling, 
numerical analysis, operations research, ordinary differential 
equations, partial differential equations, statistics, and 
probability. For example, Shawnee University’s bachelor of 
science in environmental technology has 7 h of maths in the 
form of calculus, probability, statistics, algebra, 
trigonometry, and differential equations.
Aspiring environmental engineers must complete plenty of 
maths, science, and engineering courses and gain practice 
applying those concepts to solving environmental problems.
Environmental practitioners should master basic maths 
definitions and the formation of problems, as daily 
operations require calculation of percentages, averages, 
simple ratios, geometric dimensions, threshold odor 
numbers, and force, pressure, and head, as well as the use of 
dimensional analysis and advanced maths, etc.
Mathematical models are recognized as effective tools that 
could help examine economic, environmental, and ecological 
impacts of alternative pollution-control and resources-
conservation actions, and thus aid planners or decision-makers 
in formulating cost-effective management policies.

C. O. Lucas and J. B. Paulo
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23.5  Discussion

The results presented essentially show: a description of the different terms related to 
Sustainability (Group A); the role of students and educational institutions to ensure 
a sustainable development that meets the needs of the present without compromis-
ing the ability of future generations to meet their own needs (Group B); the rele-
vance of the presence of Mathematics curricular units in the Environmental Science 
or Environmental Engineering degrees (Group D); and the recognition of mathe-
matical models as effective tools to plan, predict and assist decision-makers in solv-
ing sustainability problems (Groups C and D).

23.6  Conclusions

It was concluded that, on the one hand, the discipline of mathematics has much to 
contribute to solving the urgent and huge sustainability problems; on the other hand, 
mathematics has much to gain from its involvement in this field: new mathematics 
is appearing stimulated by the energy and freshness that comes from new applica-
tions and challenges. In particular, in the field of education, complementarity, and 
cooperation of various disciplines is essential to create solutions for sustainable 
development, in order to explore different processes and ways to achieve it, by con-
tributing to: sustainable agriculture and forestry, sustainable production and con-
sumption, good governance, sustainable research and technology transfer, 
sustainable education, and among others.

The research presents some limitations, such as the fact that it was carried out 
only for the English language and not for other languages. So, to extend this work 
in the future, it is intended to seek the answers to these same questions using the 
Spanish and Portuguese languages, i.e., by searching for the expressions described 
above (“Sustainability”, “Sustainability and Mathematics”, etc.) in Portuguese and 
Spanish, and observe what Google suggests as questions–answers. It is also intended 
to extend the work with results from other databases such as articles, reports, and 
blogs and from other data sources.
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24Effects on Students and Teachers 
of a Course on Strategies for Well-Being

Adelinda Candeias, António Portelada, Adriana Félix, 
and Edgar Galindo

24.1  Introduction

Despite scientific advances, humanity faces environmental challenges that lead to 
the unsustainable degradation of human resources, conditioning their well-being 
(Ronen & Kerret, 2020). In a society where consumption prevails, it is increasingly 
important to find ways to reconcile values that involve environmental sustainability 
(Lengyel et al., 2019). Sustainability education is a concept derived from the early 
efforts to give in schools an education more adequate to the problems of the present 
world, especially, environmental issues. Consequently, a main objective has been to 
help students to acquire knowledge, skills, values and competences to understand 
and give a response to the above-mentioned issues (Grange, 2017), including topics 
like injustice in sharing the world’s resources and problems regarding economical 
development, justice, peace and conflict, and human rights and dignity, along with 
the defense of ecosystems (Wals & Jickling, 2002). Consequently, it has been a 
growing interest to study the development of the corresponding skills and qualities 
among educators and students (Bürgener & Barth, 2018) at different educational 
levels. In short, it has been concluded that in order to transform the reality, teachers 
and students need competences and qualities, i.e., a new pedagogy emphasizing 
self-directed learning, participation and collaboration, problem orientation, and 
emotional management, based in trans disciplinarity, and able to build bridges 
between formal and informal education (Rieckman, 2018). In this context, 
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researchers have been exploring models of educator competences in sustainability 
education (Mulà et al., 2017).

In this context, psychologists and educational scientists have been giving increas-
ing attention to social and emotional learning (SEL). Probably, as a result of the 
work on emotional intelligence of Daniel Goleman and the contributions of 
researchers such as James Comer on positive school climates (Comer, 2009), scien-
tists have discovered the importance of social environment and emotional states of 
students and teachers after many decades studying learning at school as a cognitive 
issue. SEL has been defined as the process by which children and adults learn to 
understand and manage emotions, maintain positive relationships, and make respon-
sible decisions (O’Conner et al., 2017). Current SEL approaches have been influ-
enced by multiple perspectives. Nevertheless, the main topics have been the way 
children and adults understand themselves (self-awareness), the way they regulate 
their emotions and behaviors (self-management), the way they empathize with oth-
ers (social awareness) and/or interact with others (Social Relationships), and the 
way they make decisions affecting themselves and other people (responsible 
decision- making). Currently, it is accepted that SEL is significantly correlated with 
(a) school outcomes, including academic achievement, and behavior, (b) workplace 
satisfaction, (c) a reduction in stress and anxiety, (d) measures of well-being, and (e) 
healthy relationships (Haynes, 2021). Here, it is important to mention the work 
developed by the Collaborative Consortium for Academic, Social and Emotional 
Learning (CASEL, 2003) created to improve the quality of socioemotional learning 
based on empirical evidence and to promote the inclusion of SEL as an integral part 
of school-based education from preschool through secondary. This approach 
(CASEL, 2012, 2016) posits that socioemotional skills are cognitive, affective, and 
behavioral in nature and that interventions should develop five main domains: (1) 
self-awareness skills, (2) self-management skills, (3) social awareness skill, (4) 
relationship skills, and (5) skills in responsible decision-making. Social-emotional 
well-being is associated with the way each individual interprets himself/herself and 
his/her social context (Manning & Fleming, 2019). Several studies have been car-
ried out on the well-being of different actors in the school (OECD, 2023), but a deep 
knowledge is still lacking, since most investigations are limited to quantitative stud-
ies or qualitative reports of student emotions (Scott et al., 2021).

A sustainable approach emerged in the last three decades to refer to an intercon-
nected system of durable human and natural values, where the survival and prosper-
ity of the species depend on maintaining the value of biodiverse environments 
(Hargreaves, 2002) abandoning the individual conception, which focuses on 
strengthening personal skills such as self-esteem and optimism in detriment of col-
lective skills such as cooperation (Ecclestone & Rawdin, 2016). The collective 
approach of well-being proposes a representation of well-being linked to the com-
munity (Ascorra et al., 2021). It implies strengthening the school community’s col-
lective well-being fostering the interactions between the different school actors 
(López et al., 2022). In this context, teachers are a key player in the socioemotional 
development of students and, consequently, the well-being in the school context. 
Teachers are important mediators of students’ self-esteem and motivation processes 
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(Choi, 2018). Their positive relationship with students leads to the positive develop-
ment of students’ academic, physical, and emotional needs (Jones & Kessler, 2020), 
promoting overall well-being (Johnston et  al., 2022). This positive dynamic has 
been proven through several studies (Denston et al., 2022; Durlak et  al., 2011; 
Zembylas, 2007).

Consequently, the development of teaching skills that promote strategies for 
well-being, socioemotional learning, and executive functioning is an essential pillar 
for a sustainable and well-being-oriented education. Teachers’ perception of socio-
emotional well-being determines their performance and engagement with students 
in order to develop socioemotional skills (Denston et al., 2022). Teachers who see 
themselves as agents of change feel more motivated to develop programs with a 
socioemotional scope; at the same time, teachers who are more aware of their 
impact on the emotions of others have greater socioemotional skills (Martinsone & 
Damberga, 2017).

Several studies have shown that the emotions and cognitions developed in the 
student-teacher relationship are related to students’ adaptation, the school environ-
ment, and academic results (Milatz et al., 2015; Roorda et al., 2011). Consequently, 
the positive modification of the school environment can lead to improved results in 
terms of health and well-being of students and can have important implications for 
the resilience of students who are in a situation of emotional and academic disad-
vantage (Saab & Klinger, 2010). In the same line of thought, Velasco (2021) adds 
that the principles of inclusion, equity, and sustainability are also inherent to improv-
ing education and health in our school contexts as a way to face the challenges of 
the twenty-first century. Also Schleicher (2018) proposes that the educational com-
munity’s greatest dilemma is that cognitive skills should be only one part of school 
aims, because schooling today needs to be more focalized on “ways of thinking 
(involving creativity, critical thinking, problem solving and judgement), ways of 
working (including communication and collaboration), tools for working (including 
the capacity to recognize and exploit the potential of new technologies) and the 
capacity to live in a multi-faceted world as active and responsible citizens” (p. 31).

Based on these guidelines, in this study well-being is understood from a sustain-
ability perspective (Shirley et al., 2020) and a collective perspective (Ascorra et al., 
2021), and the role of SEL in well-being is taken into account. In the current study, 
a proposal of intervention course has been developed, based on the paradigm of 
psychological well-being of teachers as the starting point to improve students well-
being and a more sustainable teaching, It follows the model of reflexive develop-
ment of teachers based on the “Teacher Centered Coaching” Model (Wang, 2017) 
to improve intervention in a comprehensive context that included five main topics 
(Fig. 24.1):

 1. Learning for well-being in the classroom – concepts and strategies
 2. Executive functioning and self-regulation of learning
 3. Social awareness, interpersonal relationships, and empathy
 4. Learning environments for well-being
 5. Learning for community well-being

24 Effects on Students and Teachers of a Course on Strategies for Well-Being 
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Fig. 24.1 Diagram showing the application of the course of strategies for well-being in the class-
room (SWCI)

Based on the assumption that the development of teaching skills that promote strate-
gies for well-being, socioemotional learning, and executive functioning is an essen-
tial pillar for a sustainable and well-being-oriented education, in the current study, 
a proposal of intervention course has been developed as the starting point to improve 
students well-being and a more sustainable teaching, namely how that intervention 
contributes to change: (i) perceptions of teachers about impacts on student well- 
being and (ii) perceptions of teachers about impacts on themselves, on students, and 
on classroom context, as we present in next topics.

24.1.1  Goals

The purpose of this study is to describe how teachers that apply a training interven-
tion focalized in a multidimensional approach to Strategies for Well-Being in the 
Classroom perceive themselves as mediators to generate the well-being of their stu-
dents in the classroom. The main aims are as follows:

 1. To describe teacher’s perceptions of the impact of implementing Strategies for 
Well-Being in the Classroom on students’ well-being, socioemotional learning, 
executive functioning, and classroom environment

 2. To describe teacher’s representations about the implications of the intervention 
on themselves as mediators to generate the well-being of students in the 
classroom

A. Candeias et al.
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24.2  Method

24.2.1  Design

A phenomenological-hermeneutic qualitative design (Fuster, 2019) was applied to 
improve the understanding of the meanings and practices in a specific group of 
participants. The four phases recommended by Fuster (2019) have been carried out, 
namely, allowing access to an in-depth understanding of the meanings surrounding 
the training experiences: elucidation of the perspectives of the research team, col-
lection of the experience of participants in relation to well-being in classroom, 
reflections on the data reported by participants, and writing about this lived 
experience.

24.2.2  Participants

Participants were 30 basic schoolteachers, 26 women and 4 men, from all regions of 
Portugal, who were inscribed online and voluntarily, in the teachers training inter-
vention. The data used for developing SWC came from 8 participants (6 women and 
2 men). Twenty-two participants were excluded from the data analysis for different 
reasons, who were working with a population of 8- to 15-year-old students (n = 423). 
Of the eight teachers included, six were women (75%) and two men (25%); these 
percentages aligned with the Portuguese proportions, where the percentage of 
female teachers is 78.1% (PORDATA, 2021). Three teachers were aged between 30 
and 45 years, three between 45 and 55, and two between 60 and 65. All of them had 
more than 8 and less than 40 years of service. The majority managed classes at dif-
ferent levels of education (92%), only one (8%) worked with a full-time class 
(first cycle).

24.2.3  Intervention

This study was carried out in several schools in Portugal, after the pandemic 
COVID-19 lockdown. Data were collected via a 10-week online course that took 
25 h in total (3 h for face-to face sessions during uneven weeks, devoted to the 
development of contents, and 2  h for online coaching during even weeks). This 
course was supported by the Portuguese Scientific Council of In-Service Training 
for Teachers and took place at the University of Evora in the frame of a project 
called REFLECT1 – Raising awareness and stimulating Executive Functioning and 
Socioemotional Learning by integrating Evidence-based strategies in the Classroom 
to empower pupils, teachers and parents (see https://my.reflectproject.eu). The 
name of the course is “Strategies for Well-Being in the Classroom Intervention” 
(SWCI), whose aims are as follows:

1 Projeto ERASMUS+: REFLECT/2019–1-BE02-KA201–060353
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 1. Identify aspects of learning for well-being, socioemotional learning, and self- 
regulation in practice

 2. Enable participants to consolidate their learning, reflect on practice, and set spe-
cific goals to implement strategies in the classroom

 3. Create a safe and trusted learning environment that enables active learning
 4. Explore responsible decision-making as a component of socioemotional learning
 5. Increase understanding of what are the essential elements of friendly environ-

ments (safe spaces for learning) and their implications for individual and com-
munity well-being

The course is organized into five main topics:

 1. Learning for well-being in the classroom – concepts and strategies
 2. Executive functioning and self-regulation of learning
 3. Social awareness, interpersonal relationships, and empathy
 4. Learning environments for well-being
 5. Learning for community well-being

The face-to-face sessions had (a) an introductory component of content presenta-
tion, (b) a component of analysis and discussion of practical situations, (c) a com-
ponent of planning the implementation of exercises and practical strategies in the 
classroom, (d) a component for reflection (make my day), and (e) an evaluative 
component. The reflective component was followed in 2 h online sessions. In each 
face-to face session, the participants had the autonomy to apply the exercises and 
strategies that they would develop in the classroom during the 2 weeks that elapsed 
between each face-to-face session. The work carried out was recorded and analyzed 
in the following sessions.

24.2.4  Instruments

Two qualitative research instruments were used:

 1. Self-report questionnaire about “Teachers Perception of SWCI Impact on 
Students” (STSW). This tool aims to operationalize teacher’s perceptions of the 
impact of implementing Strategies for Well-being in the Classroom on students’ 
well-being, socioemotional learning, executive functioning, and behavior.

This tool comprises three open questions:
 1. Please remember the strategies/activities you have implemented with your 

students related to Strategies for Well-Being in the Classroom during the 
period of the course and list your perceptions about:
 1.1. Students impacts on social emotional competences, executive function-

ing, and well-being.
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 2. Please remember the strategies you have implemented with your students 
related to Strategies for Well-Being in the Classroom during the period of the 
course and list your perceptions about students:
 2.1. Most liked strategies
 2.2. Most positive impact

 3. Please remember the strategies/activities you have implemented with your 
students related to Strategies for Well-Being in the Classroom during the 
course and list your perceptions about:
 3.1. Impact on Students’ Behavior in Classroom

 2. The teachers have been interviewed in order to characterize their representations 
about the implications of Strategies for Well-Being in the Classroom Intervention 
(IP-SWCI), on themselves as mediators to generate the well-being in their class-
rooms with their students. This protocol comprises four open questions:
 1. The main topics that you consider critical to improve well-being in the 

classroom
 2. The main methods that you consider critical to improve well-being in the 

classroom
 3. The main changings in your classroom practices during and after your partici-

pation in this intervention about Strategies for Well-Being in the Classroom
 4. The main relevance for you from your participation in this intervention about 

Strategies for Well-Being in the Classroom

24.2.5  Procedures

The instruments STSW and IP-SWCI were applied after the intervention by a mem-
ber of the team through the Zoom virtual communication platforms. Interviewers 
agreed previously on the conditions and confidentiality protection. This agreement 
was supported by a written declaration sent by Zoom platform (chat) of the 
researcher and a letter of consent following the regulations of the Ethics Committee 
of first author’s institution.

24.2.6  Data Analysis

Data were analyzed using a qualitative approach. The data collected from the STSW 
and IP-SWCI were analyzed using content analysis and responded to the phases of 
content analysis of the phenomenological-hermeneutic method. First, successive 
readings were made of the entire corpus and then preliminary coding was done for 
each actor in order to have a manageable subset of data (Fuster, 2019). To do this, 
the information given by the teachers in the interviews and in the self-reported ques-
tionnaire has been divided in themes, and a code has been given to each theme.

The methodology is shown as the steps to designing the SWC in Fig. 24.2.

24 Effects on Students and Teachers of a Course on Strategies for Well-Being 
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Fig. 24.2 Diagram of the methodology of the SWCI

24.2.7  Research Process of Content Analysis

To answer research questions, the researchers accomplished the following research 
process.

24.2.7.1  What Are the Codes and Their Components 
in the CAG-SWC?

• The theoretical framework of SWC was applied to code the raw data collected 
from IP-SWCs.

• IP-SWCIs used at the end of the course was applied.
• The redundant codes in both instruments have been eliminated.

24.2.7.2  What Is the Quality of the CAGs?
• Three experts on educations were asked to check the correspondence between 

the codes and components of implications on pupils and teachers.
• CAG-STSW and CAG-IP-SWCI were revised according to the experts’ com-

ments with a concordance of 85% and the final grids were reached (CAG- 
STSW – Appendix A; CAG-IP-SWCI – Appendix B).
 1. The perception of the teachers about the impact of the applied strategies on 

the well-being, the socioemotional learning and the executive functioning of 
the students, as well as on the classroom environment.

 2. The representations of the teachers about the effects of the intervention on 
them as mediators for the generation of  well- being of the students.
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24.3  Results

In this research, two instruments were used to collect data: STSW and SWCI. The 
answers of participant teachers to both instruments were analyzed through content 
analysis, as previously explained. The tables below were drawn up to illustrate the 
results with categories and subcategories, with their respective partial and absolute 
frequencies of the number of mentions or Recording Units RU), and are organized 
into the following two main topics.

Perceptions of Teachers About Impacts on Student Well-Being
Teachers’ perceptions were organized into three parts:

 1. Students impact of implementing Strategies for Well-Being in the Classroom
 2. Most liked/most positive impact Strategies for Well-Being in the Classroom
 3. Students’ most positive impact Strategies for Well-Being in the Classroom

Perception of Teachers About Impacts on teachers, students, and classroom context.
We will present the results and its discussion in the following two topics.

24.3.1  Perceptions of Teachers About Impacts on Student 
Well-Being

24.3.1.1  Students Impact of Implementing Strategies for Well-
Being in the Classroom

The content analysis of this first part is shown in Table 24.1, with a total of 60 
recording units divided into five categories: socioemotional learning, executive 
functions, well-being, classroom context, and school context. The socioemotional 
learning category, with 26 recording units, is divided into 8 subcategories: personal 
relationship, self-knowledge, acceptance of others, respect, empathy, behavior in 
the classroom, responsibility, and participation. The executive functions category, 
with 20 recording units, is divided into 6 subcategories: attention ability, active lis-
tening, concentration, mental flexibility, curiosity, and motivation. The well-being 
category, with six recording units, is divided into four subcategories: being more 
conscious of how everyday moments make them feel; handle better your emotions; 
establishing and maintaining healthy relationships; and handle frustration and 
stress. The classroom context category, with four recording units is divided into 
three subcategories: focus your attention; organize; and listen. The school context 
categories, with four recording units, is divided into three subcategories: improving 
your social interactions; use of verbal regulation; and controlling your impulses. 
The category with the most recording units is the socioemotional learning category, 
with 43.33% of the recording units for this section. Next is the executive functions 
category with 33.33% of the recording units.
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Table 24.1 Students impact of implementing Strategies for Well-Being in the Classroom

Categories Subcategories F F %
Well-being Being more conscious of how everyday moments 

make you feel
2 6 (10%)

Handler better your emotions 2
Establishing and maintaining healthy relationships 1
Handle frustration and stress 1

Socio emotional 
learning

Personal relationship 5 26 
(43.33%)Self-knowledge 2

Acceptance of the other 5
Respect 4
Empathy 2
Behavior in the classroom 2
Responsibility 2
Participation 4

Executive functions Attention ability 5 20 
(33.33%)Active listening 2

Concentration 5
Mental flexibility 3
Curiosity 2
Motivation 3

Classroom context Focus your attention 1 4 (6.67%)
Organize 2
Listen 1

School context Improving your social interactions 2 4 (6.67%)
Use of verbal regulation 1
Control your impulses 1

Total 60 (100%)

24.3.1.2  Most Liked Strategies for Well-Being in the Classroom
The content analysis of this part can be seen in Table  24.2, with a total of 227 
recording units divided into 3 categories: well-being, socioemotional competencies, 
and executive Functioning. The well-being category, with 71 recording units, is 
divided into 4 subcategories: make my day, optimism, positive and realistic image, 
and motivation. The socioemotional competencies category, with 107 recording 
units, is divided into 5 subcategories: empathy, being able to accept yourself/others, 
affinity, communication, and cooperation. The executive functioning category, with 
49 recording units, is divided into 6 subcategories: attention, planning abilities, cog-
nitive flexibility, inhibition, organization, and working memory. The category with 
the most recording units is the socioemotional competencies category, with 47.14% 
of the recording units for this section.

24.3.1.3  Students’ Most Positive Impact Strategies for Well-Being 
in the Classroom

These data are shown in Table 24.3, with 149 recording units divided into 3 catego-
ries: socioemotional competencies, well-being, and executive functioning. The 
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Table 24.2 Students’ most liked/most positive impact Strategies for Well-Being in the Classroom

Categories Subcategories F F %
Well-being Make my day 31 71 (31.28%)

Optimism 18
Positive and realistic image 4
Motivation 18

Socioemotional competences Empathy 31 107 (47.14%)
Being able to accept yourself/others 18
Affinity 9
Communication 22
Cooperation 27

Executive functioning Attention 12 49 (21.59%)
Planning abilities 9
Cognitive flexibility 5
Respond inhibition 9
Organization 12
Working memory 2

Total 227 (100%)

Table 24.3 Students’ most positive impact strategies for well-being in the classroom

Categories Subcategories F F %
Well-being Motivation 25 43 

(28.86%)Self-regulated behavior 18
Socioemotional 
competences

Self-consciousness 20 77 
(51.68%)Self-regulation of emotions 14

Social consciousness 17
Capacity to interact with others 17
Making decisions 9

Executive functions Active listening 15 29 
(19.46%)Planning homework and other school activities 

at home
6

Informal learning through games 8
Total 149 (100%)

socioemotional competencies category, with 77 recording units, is divided into 5 
subcategories: self-consciousness, self-regulation of emotions, social conscious-
ness, capacity to interact with others, and making decisions. The well-being cate-
gory, with 43 recording units, is divided into 2 subcategories: motivation and 
self-regulated behavior. The executive functioning category, with 29 recording 
units, is divided into 3 subcategories: active listening, planning homework and other 
school activities at home, and informal learning through games. The category with 
the most recording units is the socioemotional competencies category, with 51.68% 
of the recording units for this section.
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Table 24.4 Impacts of strategies for well-being in the classroom intervention

Categories Subcategories F F %
1.  Impacts on the 

approach to 
well-being in the 
classroom

1.1  Learning for personal and professional 
well-being/self-reflection (make my day/
coaching)

10 62 (24.12%)

1.2. Executive functioning and self-regulation 13
1.3  SEL/social awareness, relationship 

building, empathy, and responsible 
decision-making

20

1.4 Friendly learning environments (classroom) 7
1.5  Promoting well-being in the classroom in 

community and (in)formal learning
12

2.  Impacts on the 
methods to 
improve well-being 
in the classroom

2.1.  Distance training 6 54 (21.01%)
2.2.  Sharing and active discussion based on 

experiences
8

2.3.  Sharing instruments/material 16
2.4.  Reflective and self-knowledge methodologies 16
2.5.  Practice based 8

3.  Impacts on the 
practices in the 
classroom

3.1.  SEL 18 74 (28.79%)
3.2.  EF (self-regulation) 7
3.3.  Student Well-being 11
3.4.  School-student-family relationship 7
3.5.  Student-centered practice 10
3.6.  Classroom environment 10
3.7.  Teacher well-being 11

4.  Impacts on the 
teacher training 
models

4.1.  Potential training model 15 67 (26.07%)
4.2.  Training model/limitations 9
4.3.  Well-being in the educational community 7
4.4.  Atmosphere in the classroom 6
4.5.  Strategies for different classroom contexts 6
4.6.  Guidelines for the development of 

self-reflection
9

4.7.  Socioemotional learning 4
4.8.  Executive functioning 4
4.9.  Student learning and Well-being 7

Total 257 (100%)

24.3.2  Perception of Teachers About Impacts of Strategies 
for Well-Being in the Classroom Intervention on Teachers, 
Students, and Classroom Context

As we could observe, Table 24.4 shows the impacts of Strategies for Well-Being in 
the Classroom Intervention with 257 units of content, organized into 4 categories: 
impact on the approach to well-being (24.12%), impacts on the methods to improve 
well-being in the classroom (21.01%), impacts on the practices in the classroom 
(28.79%), and impacts on the teacher training models (26.07%). The category with 
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the most recording units is the impacts on the practices in the classroom with 
28.79% of the recording units for this section. Next is the impact on the teacher 
training models with 26.07% of the recording units. An analysis of the data obtained 
for each category is presented in the following part.

24.4  Discussion

Our objective was to describe the perception of teachers about school well-being as 
a collective and sustainable construct. It was analyzed whether teachers see them-
selves as mediators to generate well-being in their classrooms with their groups of 
students. It was observed that teachers perceive that wellness strategies, especially 
those that promote socioemotional learning and executive functioning, improve the 
personal development of teachers and students. The skills observed were awareness, 
empathy, attention, concentration, organization, and self-regulation. Teachers 
showed themselves as more motivated, optimistic, and emotionally empowered 
people. All of this produced concrete improvements in the teaching and learning 
process, as well as in the classroom and school atmosphere. According to the data, 
the intervention generated a positive impact on the personal and professional well- 
being of teachers.

This study must be considered as part of a movement to study the development 
of new emotional skills and qualities among educators and students (Bürgener & 
Barth, 2018) with similar positive outcomes, in this case at the level of the primary 
schools. As it has been mentioned in the introduction, it seems that both students 
and teachers need skills in order to attain the goal of creating a new pedagogy that 
takes into account not only cognitive aspects of learning, but also emotional and 
social aspects, as it is emphasized in SEL (Rieckman, 2018). This study adds one 
more evidence showing that the development of teaching skills that promote strate-
gies for well-being, socioemotional learning, and executive functioning should be 
an essential part for a sustainable education (Denston et al., 2022). It adds evidence 
showing that teachers who see themselves as agents of change feel more motivated 
to develop new pedagogies (Martinsone, & Damberga, 2017) and seems to show 
once again that emotions and cognitions developed between students and teachers 
are related to school environment and academic results (Milatz et al., 2015; Roorda 
et al., 2011). Furthermore, this study adds further evidence on the importance of 
SEL at school, this time not only reporting students’ emotions (Scott et al., 2021), 
but in a controlled intervention. Once again, these results show that the social envi-
ronment and the emotional states of students and teachers are essential in the pro-
cess of learning and teaching (O’Conner et  al., 2017), crating conditions for a 
positive and more sustainable climate at schools.

Thus, it shows the need to develop new training approaches, centered on a sus-
tainable vision of the well-being of teachers and students, as well as oriented toward 
the development of socioemotional learning and executive functions. Teacher train-
ing should include strategies such as sharing and active discussion based on experi-
ences, sharing instruments/materials, and reflective methodologies, as well as 
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models based on the well-being of the educational community. These results agree 
with the above-cited studies on SEL, sustainability education, and socioemotional 
well-being, which recognize the relationship between education and health and pro-
motes principles of equity, sustainability, and inclusion (Velasco, 2021). In sum-
mary, all aspects of the school have an impact on the health of students and the 
school must provide much more than academic learning: The school should focus 
on promoting physical and mental health, as well as social well-being.

24.5  Conclusions

This study seems to demonstrate that teachers who understand the importance of 
well-being in education promote improvements in themselves and in the students in 
the teaching-learning process and in the educational context. According to the data, 
the intervention carried out had a positive impact on the personal and professional 
well-being of the participating teachers and subsequently led to a positive impact on 
the sustainable well-being of their students. The importance of teacher training in 
themes related to well-being that integrated the five stages of the SWCI course must 
be emphasized.

Teachers seem to have positively experienced this reflective training model  – 
teacher-centered coaching. This indicates the importance of adopting training mod-
els centered on the well-being of the teacher, the student, and the educational 
community. Last but not least, this study highlights once more the importance of 
SEL in the modern schools, showing that the development of teaching skills that 
promote strategies for well-being, socioemotional learning, and executive function-
ing should be an essential part for a sustainable education and more positive involve-
ment of students and teachers in the process of learning and development. These 
characteristics of teaching and learning create the conditions for a more accurate 
learning for well-being and sustainability.

Finally, this study has certainly some limitations. The sampling method was 
restricted to a sample of convenience in order to explore the studied fields, i.e., it is 
difficult to generalize these results. As usual in a natural environment, many vari-
ables can intervene in producing a result, i.e., these results could have been influ-
enced by other unknown factors. Additionally, the participants were teachers, who 
were all motivated to improve well-being in the classroom, and thus comparisons 
and generalizations are difficult. In future research, more diversified samples of the 
changes in students’ well-being might yield data suitable to look for causal relation-
ships and predictive capabilities. Various socioeconomic groups and ethnic minori-
ties should be included. It will also be important to evaluate families as well as other 
members of the school staff. It is then important to promote the replication of this 
study in other contexts to promote health, for example, other teaching centers. 
Finally, this study highlights the possibilities of a multidimensional approach to the 
well-being of students and teachers in educational contexts and the usefulness of 
opting for teacher-centered coaching models, in order to make the teacher a media-
tor for the well-being of students.
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25Peace as an Essential Condition 
for Sustainable Development

Candido Alberto Gomes and Susana de Oliveira e Sá

25.1  Introduction

Although they have been side-lined to the background due to the pandemics and the 
war in Europe, the United Nations has established interconnected sustainable devel-
opment goals expected to be in force by 2030. However, literature portrays wars as 
sources of relevant damage to the environment, in opposition to such goals (United 
Nations, 2015). During the interwar period, Freud (2011) studied the continuous 
struggle between Eros and Thanatos, constructive and destructive impulses, life and 
death. Could this account for the perenniality of warfare, such as World War II itself, 
the Cold War, and successive intra-national and international conflicts? Wars obey 
an instinctual destructive force, the destruction of living beings in general, human 
beings, their environment, and their things, which bring significant social, eco-
nomic, political, and cultural impacts. In such conflicts, where one breathes an 
atmosphere of fear and anomie, ethics and the power of law fade away, as whatever 
means to defeat the enemy with efficiency and effectiveness are put into practice.

In fact, literature concerning the effects of wars on the environment has been 
established. This chapter aims to briefly summarize research findings, in an attempt 
to measure its series of effects, concluding with considerations on the unfulfilled 
norms of public international law, despite the fact that its authors are no jurists.

Time and again land is interdicted and rendered unusable due to contamination. 
Nowadays, relatively often rail lines and roads in Europe are interrupted to defuse 
bombs, sometimes even bombs from the First World War period. However, 
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destruction and risks are not limited to Europe, impairing countries in the Southern 
Hemisphere as well. Although there are theories about the historical end of colonial-
ism, power relations of “more developed” countries over “less developed” ones pre-
vail, pursuant to globalization and the evolution of contemporary capitalism.

25.2  Wars in the Northern Hemisphere

Focusing on industrial age wars, let us first discuss the environmental damage that 
took place in the Northern Hemisphere, and then what happened in the Southern 
Hemisphere. The most prominent fact is that rebuilding and restoring costs are 
much higher and more time-consuming than warfare destruction. The first far- 
reaching war after the Industrial Revolutions, World War I recorded a great deal of 
contribution from the chemical and mechanical industries. In the case of France, 
once peace was established, the army and civilian companies developed techniques 
for the destruction of chemical weapons near Verdun, the decisive battle site, where 
arsenic bombs, perchlorate explosives, and others were located. It was imperative to 
destroy them due to the high risks they posed to the civilian population, including 
risks to crops and drinking water contamination. In addition to French armaments, 
the German Army left behind unexploded ammunition even in houses and railroad 
cars. The French Army also accumulated weapons and did not warn the civilian 
population about them. Industrial weapon destruction plants had to be erected, but 
they also led to soil and water contamination, something almost inevitable given the 
technology available back then (Lin, 2021).

In World War II, when atomic bombs were eventually used, the massive bomb-
ings in Italy alone created an impact on the landscape, resulting in risks to personal 
safety, soil, water, and archaeological sites. Often archaeologists find unexploded 
bombs in excavations. Comparison of aerial photographs before and after attacks is 
employed at great expense. The use of GPR (ground penetrating radar) and other 
techniques also help detecting them. Estimates indicate that 10–15% of the dropped 
bombs did not explode, something between 80,000 and 100,000 tons (Barone, 
2019). Such high number do not even consider mines. Johnston (2007) estimates 
that worldwide 70% of mines are located in the territories of native peoples, that is, 
the most vulnerable persons.

From economic and ecological perspectives, war intensifies the use of non- 
renewable natural resources and thus increases the demand for mining. According 
to Cairns (2004), war is an unsustainable practice on a finite planet with finite 
resources. Less recent estimates indicate that in the post-Cold War period, mining 
for military purposes, often with polluting effects, accounted for 11% of the world’s 
copper, 9% of iron, and 8% of lead, aside from rare metals (Biswas, 2001). Biswas 
(2001) presented a global estimate of land use for military purposes, and it ranged 
from 750,000 to 1.5 million square kilometers, an area larger than France and the 
United Kingdom combined.

There are also armed conflicts over resources in developing countries carried by 
groups linked to and sponsored by multinational companies based in the Northern 
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Hemisphere, i.e., conflicts that are “exported” to poor countries. Billon (2001) 
exemplifies conflicts between Israel and Palestine over water; over coffee in El 
Salvador; involving Nigeria and Biafra and Sudan over oil, over marijuana and tim-
ber in the Philippines. Peace depends, then, on external forces. Even in peaceful 
times, mining companies cut costs by using outdated technologies in the Southern 
Hemisphere, in countries like Brazil. The history of dam disasters in Brazil alone 
includes the tragedies of Mariana and Brumadinho, with the spreading of tailings 
that are highly damaging to both the environment and the public health (Freitas 
et al., 2019).

Still during the Cold War, experiments with atomic weapons were transferred to 
tropical islands controlled by great powers. Far from major centers, they were in 
areas inhabited by first peoples, tribal groups, and other ethnic minorities, i.e., pop-
ulations of low socioeconomic status and little power (Baum, & Barrett, 2018; 
Johnston, 2007). Given the inherent secrecy of military activities, it is difficult to 
fully identify their effects on human health and the environment. Some 504 nuclear 
weapons have been exploded in the atmosphere at 13 primary sites, emitting radio-
isotopes and dangerous heavy metals. Thermal radiation, electromagnetic pulse, as 
well as physical and mental impacts on the population are all part of a long list of 
side effects.

However, the Cold War became hot in selected locations and non-world con-
flicts, not always involving or reflecting clashes between the Western and Eastern 
blocs. In the Persian Gulf War, with the confrontation between Iraq and the Coalition, 
widespread oil spills took place near destroyed facilities and on the Saudi Arabian 
border to prevent Coalition troops from moving in. These spills reached the Red 
Sea, causing marine life to become unbalanced. Oil wells were torched in Kuwait, 
leading to great environmental damage, including to the atmosphere. The objective 
of war is to defeat the enemy in the shortest amount of time, without considering 
means or consequences. It is estimated that more than a million mines were laid in 
Kuwait, not counting the unexploded bombs. As for the Coalition, at least a third of 
its bombs and missiles failed to explode. Around 1250 civilians and over 50 mine 
deactivation experts died because of these mines after the conflict. Cairns (2004) 
stated that wars over finite resources will continue until the human species learns 
about sustainability.

25.3  Wars in the Southern Hemisphere

The Southern Hemisphere, with its vast majority of developing countries, endowed 
with more abundant natural resources and weaker resistance to pollution, becomes 
a target for the greed of post-industrial economies. The disregard for sustainability 
translates into their consumerist economic system, demand for raw materials, 
energy, and their own industrial products, particularly from polluting companies 
transferred to developing countries. It is like a voracious machine, aiming at the 
continuous growth of the gross domestic product (GDP) while ignoring externali-
ties. Ignoring externalities is closing one’s eyes to the consequences, thus coating 
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oneself with a deep ideological bias, which is far from innocent. Thus, the report by 
Stiglitz et al. (2009), which among other propositions advised that GDP was calcu-
lated in such a way as to subtract non-renewable natural resources used for produc-
tion, was abandoned. According to this method, of course, the continuous growth 
dogma would fade away and the post-growth society would be later achieved 
(Cassiers et al., 2018).

Economic globalization has connected developed countries with developing 
countries, including the latter in the process in a subordinate position as to satisfy its 
expansionism, with its hunger for consumption of materials and energy. However, it 
is rather an exclusionary inclusion, in the sense that it keeps the new “colonies” in 
subordinate conditions in many ways. In general terms, after the imperialism and 
colonialism of the nineteenth and twentieth centuries, the great powers have found 
in globalization and network societies less costly forms of domination and spolia-
tion than before. Once the non-renewable resources are exhausted, these countries 
can be abandoned with all their woes, struggling with the weakness of their institu-
tions and difficulty or impossibility of fulfilling their basic functions. They then 
seek another export “economic cycle” or some parallel economic activity, even drug 
trafficking, to achieve temporary prosperity, which will be concentrated in a few 
wealthy groups. Therefore, such country is excluded from the international system, 
as well as the majority of its population, since income tends to become more and 
more concentrated (Chancel et al., 2022), excluding the very members of society, 
who only marginally get a share of this wealth. Even worse, what remains for the 
less well-off parts of society is equally distributed to the detriment of those of lower 
status, such as minorities in general, especially women, ethnic minorities, and all 
those who, like pets, live off the crumbs that fall from their owners’ tables (Piketty, 
2014; Vitaud, 2022).

Still with the framework of the Cold War, the long Vietnam War had serious 
ecological consequences for that country and also for Cambodia. Fumigations, 
especially using the so-called “agent orange”, and 1.8  million tons of bombs 
dropped on rice fields in Vietnam alone got intertwined with poverty and famine. 
Defeating the enemy justifies any means. In Cambodia, bombings led farmers in 
contaminated areas to produce 50–60% less rice, the main source of nutrition of the 
local population, lowering incomes by 60% (Lin, 2020).

After the Cold War, traditional sources of funding for armed insurgent groups 
dried up. Many then sought alternative resources outside the state, in the shadows of 
smuggling and drug trafficking. In mining areas, such as in sub-Saharan Africa, 
such groups can be financed by rival companies interested in capturing mining oper-
ations. Environmental ecological terrorism has been practiced in several areas, with 
deliberate use of force to affect normal use of the environment and natural resources 
(Lavaux, 2004). Since the Middle Ages, fresh water has been a target and an instru-
ment of warfare. It is therefore not surprising that the intentional pollution of its 
sources and courses are military targets, as well as dams.

One of the most enduring, half-century-long, conflicts has been that of the 
Revolutionary Armed Forces of Colombia (FARC) (1966–2016). At first an infor-
mal arm of the Communist Party, in the framework of the Cold War, it developed 
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most of its activities in the Amazon jungle, an ecologically vulnerable territory 
where the presence of the state was rare. It was a response to the horrible living 
standards of the population, to which economic groups were continually insensitive. 
After the Cold War, there was a lack of financial resources to sustain and expand the 
movement. To compensate for this, just like other armed groups (Billon, 2001), they 
resorted to kidnappings, forced contributions, and other criminal activities, espe-
cially growing coca and processing it for sale. In addition to destroying the environ-
ment, they have engaged in a tangle of illegal acts, provoked a population exodus, 
with a high number of internal refugees, and the death of countless people. The 
reaction of the Colombian state, with US support, manifested itself in the form of 
combating the production of coca, although the largest consumer markets are in 
developed countries, among populations with high purchasing power. Aerial fumi-
gation has had disastrous effects on the jungle, contaminating soil and water, par-
ticularly in the Amazonian state of Putumayo, as if the cultivation and refining of 
coca per se were not enough, bringing along the use of fertilizers, pesticides, and 
other substances to increase productivity, as in any capitalist activity. Deforestation 
and defoliation have affected the subtle ecological balance of the tropical jungle. 
The annual rate of forest loss, which was 218.1 square kilometers in 2000–2010, 
grew in the middle of the second decade of this century to no less than 295.9 square 
kilometers (Aquino et al., 2017), apart from forest fragmentation. Therefore, the 
number of human and animal victims, migrants, refugees, and damage to ecosys-
tems is immense.

These war tactics, also due to the extent of the damage caused to the planet, heri-
tage of all people, have worried armed forces. For example, the Peruvian Army aims 
to establish a commitment to environmental protection by proposing in its military 
instruction the Military Program of Environmental Education and Control (Adolfo, 
2020). India has developed ecological intervention units for the first time in the 
world, dedicated to natural preservation missions such as pasture and soil care, 
water purification, and stabilization of dunes. China has taken the same initiative 
(Keucheyan, 2018). On the other hand, great powers also begin to worry about such 
problems. The prevailing capitalism is not interested in ecological crises and 
political- military instability caused by damage to ecosystems (Keucheyan, 2018). 
An ancient and illustrative historical example lies in the Kingdom of Mari, which 
developed in Mesopotamia, on the banks of the Euphrates, as the most important 
city-state during part of the second millennium before Christ. No records of military 
conflicts were found, as the basis of its economy was trade. Therefore, the king-
dom’s elite were vehemently opposed to wars, once these disrupted their business 
(Wright, 1975).

25.4  Conclusions

Literature shows that wars are harmful to the environment, to natural and human 
life, and to human beings and the context in which they live. Damage has existed 
ever since, but with the increasing technification of conflicts, the negative conse-
quences tend to increase. Why?
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This is no legal work since it is not our specialty. However, we must examine the 
issue, even if only from a bird’s eye view. Distance and contradiction in the face of 
law are not only specific to military conflicts but are also found in public policies 
and individually, through the actions of individuals or groups, who often take refuge 
in the formal minutiae rather than in the spirit of laws, in other words, hiding behind 
details to escape public criticism.

First, there is a complicated pas de deux between the legal and the social fact. 
Particularly when writing a constitution and dealing with human and social rights, 
one of the dilemmas is to find the balance point between advancing them and the 
possibilities for society to fulfil them. If an advancement risk being massively dis-
respected by state bodies and civil society, the norm may lose its legitimacy. In case 
of retreat, a historical window may be lost and will not be reopened any time soon. 
So, what to do? For example, how far is it possible to go in terms of gender equality 
in a typically macho society? How will legal and social facts collide? Acts can be 
criminalized, but what twists and subterfuges can lead to the perception of injustice 
and the consequent revolt? Another example is the participation of homosexuals in 
the armed forces, which varies from country to country. In Portugal, the army pre-
sented homosexuality as a “contraindication”, later abolished. Higher standards, 
such as the EU Declaration of Human Rights, do not justify discrimination. 
Consequently, the expectation is that regulations follow the constitutional and legal 
hierarchy. However, the persistence of dissonance due to sociocultural tradition can-
not be ignored. Regulations, therefore, must be enforced and deviations sanctioned. 
Otherwise, they become illegitimate and considered as prescriptions that do not 
need to be fulfilled, falling into oblivion.

Legislation, its enforcement, and judgments can be compared to an arena where 
customs and laws clash, as well as organized groups, the media, public opinion, and 
risks of losing or winning votes in a democratic state (Allison & Zelikow, 1999). 
Media itself can create parallel realities or imitations of reality, according to 
Baudrillard (1981). It is pretty much an arena, in the sense of the Roman circus, that 
is, a ground that absorbs the blood of fighters, both human and animal. In this place, 
forces and strategies, beliefs and values, attitudes and behaviors are measured. 
Bureaucracies—from kratós, power— themselves can deviate from an ideal type of 
neutrality (that’s why it is an ideal type; Weber, 1968), because they are susceptible 
to becoming politicized, partisan, ideologized, affecting their legitimacy in a more 
or less serious way.

Legitimacy and legitimation refer to Habermas’ great work, Legitimation crisis. 
What is this immaterial and abstract process that proves so important in society and 
in law? Its absence creates intangible, yet widely noticeable voids in social life, as 
in contemporary society. The author, a member of the Frankfurt School, considers 
that capitalism is in crisis and Western society has reached anomie, in simple words, 
the lack of norms, a Durkheimian concept. Having passed the stage of liberal capi-
talism analyzed by Marx, it would need to rely on a new form of analysis. Capitalism 
has changed its features and content, so that it has gradually moved away from pre- 
capitalist moral values. Why? Habermas attributes this situation to the failures of 
the state while correcting contradictions of recent capitalism. According to Piketty 
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(2021), the concentration of income continues to grow, with a tendency to continue 
this way, which means for the German philosopher a promise breach regarding 
results distribution for all. Instead, there is impoverishment of large parts of the 
population. Consequently, the economic-political power to obtain laws favorable to 
the status quo’s interests grows. Symptomatic cases are the loosening of social and 
labor rights and attempts for flexibility of environmental norms, in order to obey the 
“invisible hand” within certain moralistic and conservative ideological guidelines, 
such as the “right to life”. In truth, this right becomes a folding screen of contradic-
tions: the right to life is practically denied by the fragile livelihood of families, 
scarcity of decent juvenile employment, and environmental degradation, the latter 
manifested by health indicators, including mortality. In other words, it is life 
exchanged for death. What is the logic of defending the “right to life” through reli-
gion if the population around a cement factory, especially children, have their sur-
vival limited by respiratory diseases? The sense of justice expects norms and acts to 
be internally and externally coherent, otherwise delegitimization and the void of 
anomie will ensue.

Weber (1968) drew attention to the need for legitimation and justification of any 
kind of domination and authority. After all, force and coercion are not enough to 
guarantee acceptance and fitting into a different legal and social order. Thus, feel-
ings of injustice emerge, which delegitimize justice and prompt the “law” of the 
strongest. In our view, this gap helps explain the increase of authoritarian and liberal 
states in the world, at the same time the number of really Democratic States under 
the Rule of Law is shrinking. As a result, the Law’s aspiration to provide protection 
and security to everyone is undermined. Would it be a mere coincidence that the 
growing belief in men concentrating power, able to solve “everything”, as in a huge 
company, and the resurgence of imperial daydreams, similar to those of Napoleon 
and Hitler? Like the current of a river, particularly the river of Heraclitus, history 
does not turn back.

In these impasses Habermas (1976) resorts to a Hegelian concept, that of 
Sittlichkeit, one of those German words not very prone to translation. It could be 
understood as ethical life or ethical order. Lacking a rational consensus, a new 
Sittlichkeit must be woven, to coherently address the new order.

At this point we return. What drives the clear disobedience of wars towards the 
Hague and Geneva conventions on public international law? One of the answers lies 
in the crisis of legitimacy. Another one is the acceptance of any means to achieve 
desired ends, as codified (not created) by Machiavel (1980). This classic author 
lived in Florence, and the events he witnessed as a child were vivid illustrations of 
the ambience of the time, largely reflected in his work. War constitutes a situation of 
anomie, where crimes against humanity stand out—as history details it. In the case 
of the war in Ukraine, it is widely documented by reliable media. What does it mat-
ter, in the face of a highest goal, to defeat the enemy with the greatest efficiency and 
cause him dread, to instill in everyone the feeling that the attacker may hide in any 
space or time, ready to erode defenses and render defensive efforts useless? What is 
the problem with killing through starvation if the cost of it is not high? Ethics and 
law are ignored. Punishment, strictly speaking, emerged with the International 
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Court in the Hague, starting in Nuremberg. Then, the sense of impunity prevails. It 
will take a defeat for states to hand over those responsible for such crimes, if those 
responsible do not die beforehand. Furthermore, the coercive power to apply sanc-
tions to a state that disobeys the norms of public international law is largely lacking.

In conclusion, these are dilemmatic situations that humanity must overcome. 
Certainly, the Hegelian Sittlichkeit applied by Habermas (1976) is one of the funda-
mental keys here. A concerted worldwide action may be likely to contribute to 
reversing environmental damage, for environmental solutions need to be global to 
become effective. Then it is likely that chemical and biological weapons, including 
those stored and used to deter attacks, will be outlawed. And that environment, 
people, and things will no longer drift toward a horizon of collective suicide, 
whether slowly or suddenly. If the ship sails through space carrying all of us, we all 
either float or we all sink with the boat. According to Morin (1999), social diversity 
is as essential as biodiversity.
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26The Sustainability of the Cork Sector 
Through a Second Life of Retired Wine 
Bottle Corks: An Empirical Study

Catarina Ferreira, Marta Cardoso, Marta Moreira, 
Pedro Sousa, and Tânia Moura

26.1  Introduction

Cork has unique properties, which gives it the possibility of being used for a variety 
of purposes. It is 100% recyclable and extracted from cork oak without ever harm-
ing the normal development of the species. Also, this material resists friction and 
wear and is highly durable (APCOR, 2018).

The diversification and complexity of the different products that result from cork 
lead the producers to carry out intense quality control and permanent research into 
both the continuous improvement of existing products and new and innovative tech-
niques of application.

Research facilities and laboratories in the most advanced production units play a 
fundamental role and ensure the quality demanded by the end clients, as well as 
being responsible for validating/certifying new products.

After being transformed from planks into corks, it can re-enter the production 
process as it is fully recyclable. Corks can be recycled by grinding, and the granu-
late resulting from this process can be used in other products.

The use of cork and respect for the maintenance of the tree and its life cycles are 
an example of excellence and a mark of ecological standards.

Being a key producer of cork, Portugal has a responsibility to give a second des-
tination to used cork, thus enabling a circular economy and contributing to society 
well-being. Therefore, it is necessary to alert all stakeholders to the sector’s short-
comings and weaknesses and should include industry, government, education, 
research, and agriculture.
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Corks are light in weight, totally impermeable to liquids and practically imper-
meable to gases, flexible, and provide thermal and acoustic insulation. Additionally, 
it is a natural fire-retardant material, which doesn’t cause flames or release toxic 
gases and prevents the appearance of mites (contributing to protection against 
allergies).

The European Union is the largest producer of cork (more than 80%), and in the 
western Mediterranean countries, Portugal stands out (with more than 50%) and is 
the world’s largest producer and processor of cork and cork products (Gil, 2007).

The cork sector is represented in Portugal by APCOR (Portuguese Cork 
Association), whose objectives are to promote, publicize, and research the 
Portuguese cork industry. This association has its headquarters in Santa Maria de 
Lamas, in Santa Maria da Feira municipality, and has 238 associated companies that 
represent 85% of exports. Santa Maria da Feira is also the region where most of the 
companies are based in Portugal.

In Portugal, the cork industry includes cork preparation activities (CAE 16293), 
the manufacture of corks (CAE 16294), and the manufacture of other cork products 
(CAE 16295).

Regarding circular economy and sustainability, cork sector is in an infancy stage. 
Considering the potential of cork infinite reuse, the adoption of measures becomes 
necessary to face a possible scarcity of resources in the future and minimize the 
environmental impacts, nonetheless little is being done to recycle or reuse cork. 
Such need becomes increasingly urgent due to global warming, which causes harm-
ful effects to the environment and humanity.

The main objectives of this research are to (1) improve the sustainability of the 
sector by promoting the reuse of used corks in other (non-food) products, given that 
this is a waste product whose recycling is environmentally “friendly,” considering 
its investment/profitability factor and (2) contribute to the literature as this subject 
isn’t covered sufficiently by the actual literature.

26.1.1  Gap

Initially, the authors faced a lack of awareness regarding the recycling of corks in a 
general context. After investigation, we discovered that despite the existence of 
various models implemented in the national circuit some years ago, the result of the 
gathering of used products still shows very low values when compared to the quan-
tity placed on the market (new corks). This is because, according to statistical data 
published by APCOR (2020a), on average, 40 million corks are produced per day in 
Portugal, of which 95% are exported. Thus, around two million corks are produced 
daily for the domestic market.

Within the scope of corks recycling, we’ve found the following projects nation-
ally: Green Cork; “Rolhão”; Mobile Ecocentre; Corkscrew Action; Maiambiente 
Collection APCOR (2020b). Among the above-mentioned projects, Green Cork 
stands out: a project initiated in 2008, which has enabled the collection, to date, of 
around 295 tonnes of corks and, in return, the planting of 476,000 trees in 2012 

C. Ferreira et al.



393

(2016 data). 2012 was the year in which the largest collection of corks was observed 
in Portugal (89 tonnes), while of the approximately 320  million corks produced 
annually, the collection carried out by Green Cork reaches only 6%. The latest 
records show that 98,414,732 corks have been collected (since 2009), resulting in 
the plantation of 1,225,811 trees.

By analyzing the campaigns established to this date, we can see that the pro-
grams implemented haven’t sorted the desired effects, highlighting the difficulty in 
raising awareness of the collection of used cork material and the difficulty in obtain-
ing enough collected product to achieve the viability of these projects.

Some inconsistencies were found which can deteriorate the projects underway:

 – Collection points in “Continente” supermarkets/hypermarkets aren’t very visi-
ble/existent

 – Lack of positioning and dissemination strategy to the community
 – Lack of awareness campaign regarding cork collection and recycling
 – Lack of “incentives” for consumer participation

Such gaps, when properly addressed, could enable an increase in the recycling 
quota. Additionally, it creates the opportunity for the development of new business 
models and job opportunities.

This chapter is organized as follows: It starts with the current introduction, where 
the theme of the study and the gaps found in the literature are debated. In Sect. 26.2, 
a review of the existing literature about the theme of cork is reflected. In Sect. 26.3, 
the applied methodology is discussed. In Sects. 26.4 and 26.5, respectively, the 
obtained results are presented and discussed. Finally, in Sect. 26.6, the main conclu-
sions, suggestions for managers, limitations, paper originality, and clues for future 
investigations are discussed.

26.2  Literature Review

26.2.1  Companies Within the Sector

Portugal is the leading cork-producing country in the world, being responsible for 
46% of the world’s cork production (APCOR, 2021).

According to Caldeira (2020), the cork industry creates more than 9000 jobs, 
direct and indirect, throughout the country, with greater incidence in the northern 
region, where most of the cork manufacturing companies are located (about 83% of 
the total companies in the sector), and is mostly composed of small- and medium- 
sized companies (99.4%).

Concerning the report “Information Bureau 2019  – Cork in Numbers” by 
APCOR (2019), cork production is oriented almost exclusively to the wine industry 
sector, which retains about 72% of all production, followed by the construction sec-
tor with 25% and, finally, with almost 3% for other products.
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To analyze the companies in the sector, statistical data from Banco de Portugal 
(2022) was used. Regarding companies manufacturing other cork products, between 
2019 and 2020, there is a decrease in companies and, consequently, in the number 
of employees. On the other hand, the volume of sales and services showed an 
increase. Although an overall analysis of the sector shows a decreasing trend in all 
indicators, in 2020, a greater evidence in sales and services was observed.

These figures reveal a stronger presence of companies manufacturing other cork 
products, which highlights the importance of investing in improving the circular 
economy of these companies.

The second largest world producer of cork is Spain (33%), followed by Morocco 
(6%), Algeria (5%), Tunisia (4%), Italy (3%), and France (3%). In some of these 
countries, circular economy projects have been implemented as a way of making 
use of this material. It should be noted the case of France with the lowest production 
of cork and one of the largest consumers of corks, where there’s already a commit-
ment to the use of this material - with one of the best collection results (APCOR, 2021).

26.2.2  The Sustainability of Cork Industry and Circular Economy

Regarding the transformation of cork, only 30% is used in the manufacture of natu-
ral corks. However, nothing is lost in the transformation of this material, since the 
waste is ground and converted into granules, returning to the production process for 
technical transformation.

According to Corticeira Amorim (2022), the world’s largest cork transformation 
group, “Corks are biodegradable and absorb CO2, but their life doesn’t end once a 
bottle is opened. Recycling and reusing materials allow the life cycle of the corks to 
extend, contributing to a better world. Although recycled cork is never used to make 
new corks, it can be used in various applications” by being reintegrated into the 
production cycle. In terms of recycling, Corticeira Amorim adds that one should 
“reuse the by-products of the industrial process, to ensure that nothing is lost and 
everything is transformed.”

Corticeira Amorim (2022) also explains that the surplus from the transformation 
is converted into biomass (cork dust), which is used to produce energy that covers 
more than 60% of the group’s needs. As a result of the above, Amorim states that 
“from planks to cork dust, a perfect circular economy model becomes reality.”

During the research, with the aim of obtaining valid scientific data on the recy-
cling of corks, we came across a clear lack of scientific information related to the 
recycling process: “what happens from the collection of corks to obtaining new 
products?” However, we did obtain information on several projects, both national 
and international, of corks recycling initiatives, the main driver being Corticeira 
Amorim (Portugal). In this field, there’s only evidence that Amorim Cork 
Composities, with its sustainability program, shows results from the implementa-
tion of this type of program. In the year 2019, Amorim Cork Composities recycled 
485 tons of corks, with this initiative increasing in the following years, registering, 
in 2021, 801 tons of corks. With the implementation of this project, Amorim Cork 
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Composities achieves “only” the recycling of 3% of the total number of corks pro-
duced annually, and the company intends to find ways to increase this figure (Ernst 
& Young Global Limited, 2022).

This shows that the sustainability of the sector is efficient and effective regarding 
the use of the raw material and its production cycle. The cork sector in Portugal is 
well positioned at this level, since almost all resources are used to their maximum 
potential and waste is minimized.

In addition, a great demand for ground cork is visible, especially on the part of 
SMEs, with the intention of incorporating it into new products.

João Rui Ferreira, President of APCOR, argues that “it’s not difficult to recycle 
cork, what’s difficult is to collect the cork that exists in the world and transform it, 
especially in Portugal, where a large part of our production is located” (Porto 
Business School, 2017).

The reuse of cork allows for an “almost” infinite life cycle when the means of 
collection and recycling are effective and efficient, making the circular economy 
issue impossible to ignore. In this way, it’s possible to improve the participation of 
the public, given the high recycling/reuse potential of this material. For this, the col-
lection/treatment program(s) must be created/formulated to obtain a higher percent-
age of product.

In this way, an awareness-raising strategy must be created for existing initiatives 
and collection points, with the aim of improving the amount of product collected.

26.3  Methodology

This chapter is organized as follows (Fig. 26.1).
In this study, a combination of qualitative and quantitative methodology was used.
The analysis of the cork sector begins by researching the characteristics of the 

product and the evolution of the sector, such as production, export, recycling/reuse, 
and transformation of the product.

Literature Review Companies within 
the sector

Circular Economy 
and sustainability 
of cork industry

Review of existing
national/

international
initiatives

Discussion of 
implemented 

iniciatives 

Fig. 26.1 Methodology
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This study is based on various statistical data of the cork sector, conclusions/
dispositions concerning reports, and the analysis of collection projects already 
implemented at national and international levels.

For the development of this study, information obtained from books, reports, 
yearbooks, and articles published on websites was used, as well as field research 
regarding cork recycling/reuse initiatives already implemented. To complement this 
information, interviews were conducted with representatives of APCOR (Portuguese 
Cork Association) and CTCOR (Technological Cork Centre).

26.4  Results

Statistical data concerning the evolution of the cork sector in Portugal was analyzed, 
with special attention to the manufacture of other cork products. To complement the 
analysis of the sector, initiatives for the collection of used material with a view to 
subsequent reuse/recycling were studied.

On the first part, we analyzed statistical data from Banco de Portugal (2022) 
about the number of companies, employees, and sales and services provided (€) 
(Table 26.1).

Regarding the companies manufacturing other cork products, in the transition 
from 2019 to 2020, there was a decrease in companies and in the number of employ-
ees, in general. In contrast, the volume of sales and services provided increased by 
approximately 1.23%, which leads us to the need to invest in the circular economy 
of the sector, both to drive new business opportunities (without the use of virgin raw 
material) and to leverage the economic sustainability of the sector.

Analyzing the table of all companies in the sector, in 2020 all indicators show a 
decrease, with greater evidence in sales and services rendered, in the order of 7.57%. 
This fall may be due, totally or partially, to the restrictions and, consequently, to the 
economic crisis caused by the COVID-19 pandemic. This is because it was a period 
in which there was a limitation on the movement/conviviality of people, which 

Table 26.1 Manufacture of other cork products

Economic activity sector: 16295 – Manufacture of other cork products

Distribution by 
age of companies

Number of 
companies Number of employees

Sales and services rendered 
(Thousands of euros)

2018 2019 2020 2018 2019 2020 2018 2019 2020
All companies 74 82 77 1852 1891 1849 320,429 300,909 304,530
Until 5 years 28 35 31 89 111 86 14,034 16,821 5254
From 6 to 
10 years

13 10 11 115 70 83 28,545 5257 16,812

From 11 to 
20 years

7 8 9 76 103 96 10,610 13,963 14,338

More than 
20 years

26 29 26 1572 1607 1584 267,240 264,868 268,126

Source: Adapted from Banco de Portugal (2022)
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Table 26.2 Total companies in the sector

Total CAEs: 16293 – cork preparation industry; 16,294 – manufacture of corks; 16,295 – 
manufacture of other cork products

Distribution by 
age of 
companies

Number of 
companies Number of employees

Sales and services rendered 
(thousands of euros)

2018 2019 2020 2018 2019 2020 2018 2019 2020
All companies 768 775 751 8412 8545 8222 1,773,808 1,742,421 1,619,978
Until 5 years 220 219 182 963 1010 853 196,234 206,165 169,308
From 6 to 
10 years

140 143 148 1161 1153 1061 263,237 253,130 232,627

From 11 to 
20 years

163 163 168 991 968 956 232,010 220,782 184,459

More than 
20 years

245 250 253 5387 5414 5351 1,082,328 1,062,345 1,033,585

Source: Adapted from Banco de Portugal (2022)

mainly affected the HORECA sector (hotels, restaurants, and coffee shops) 
(Table 26.2).

At national level, some initiatives for the collection of used material (corks) have 
been implemented, some more recently and others have been discontinued.

The main cork recycling initiatives in Portugal were as follows:

Green Cork – developed by Quercus, in collaboration with Amorim, Continente, 
Dolce Vita, schools, scouts, municipalities, waste collection companies, winer-
ies, and wine producers. It began in 2008 and has enabled the collection, to date, 
of 295 tonnes of corks and, in return, the planting of 476,000 trees in 2012 (Green 
Cork, 2020).

Rolhão – created by the São Brás de Alportel municipality (Algarve) at the begin-
ning of 2005, encouraging its citizens to place corks in containers provided for 
that purpose, next to the ecopoints (APCOR, 2020b).

Ecocentro Móvel – in 2021, Lipor inaugurated the mobile ecopoint in various cities 
in the metropolitan area of Porto, with the aim of collecting waste that could be 
recycled, such as corks (APCOR, 2020b).

Ação Saca-Rolhas – this is a project created by the Guias de Portugal Association 
(AGP) in 2005, with the aim of promoting the collection of used corks, reusing 
them for new products/projects. By December 2012, AGP had collected 
20,000 kg of corks (APCOR, 2020b).

Recolha Maiambiente – LIPOR, Quercus and Maiambiente have created a door-to- 
door collection channel for corks from non-residential customers (restaurants, 
coffee shops, canteens, etc.) in Maia municipality. This project is supported by 
Green Cork, BA Glass, Corticeira Amorim, and Extruplás (Lipor, 2022).

Internationally, there are also some initiatives for collecting used products 
(corks), among which the following stand out:
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EcoBouchon (France) – project established by Amorim Cork France in 2009, with 
the aim of strengthening customer relations by combining environmental protec-
tion with social solidarity. “Today it is the world’s largest contributor to corks 
recycling” (Corticeira Amorim, 2022).

EtiCo – established in 2011 and counts with the participation of associations and 
institutions that mobilize around a thousand volunteers and manage more than 
5000 collection points throughout Italy. The collection of corks is transformed 
into donations to charitable institutions and, simultaneously, favors the circular 
economy (Corticeira Amorim, 2022).

Cork2Cork – created in 2011, it is a partnership between Amorim Cork Flooring 
and the NH Hotel Group to promote a more sustainable world. In the first stage 
(2011), 68 containers for corks were delivered, in hotels in Spain, Belgium, Italy, 
Germany, France, and the Netherlands. In the second stage (2019), 74 containers 
were provided in hotels in Spain and Italy (Corticeira Amorim, 2022).

Amorim Cork Life – project started in 2013, in South Africa, whose aim is to collect 
used/surplus corks to give them a new use, creating jobs (Corticeira 
Amorim, 2022).

Recork  – corks recycling program established in North America in 2008 by the 
Canadian footwear company SOLE. The project has more than three thousand 
partners, who send the collected corks to other manufacturers responsible for 
transformation, for future incorporation into the production of SOLE’s shoes 
(Corticeira Amorim, 2022).

Worldwide, 550  million corks have been collected since 2018. France is the 
leader in this process, with the annual delivery of approximately 45 million corks. 
However, this quantity is only a very low percentage of the number of corks used 
per year (12 billion), thus not reaching 0.4% (100% Cork, 2022).

According to Per & Britt Karlsson (2021), only 2–3% of all corks were recycled 
in 2021 worldwide. Corroborating this data, the Ernst & Young Global Limited 
(2022), in the sustainability report of Amorim Cork Composites, mentions the col-
lection of “only” 3% of the total corks produced annually.

Through sustainable cork collection and recycling, the cork sector is participat-
ing in the fight against climate change, preserving forests.

26.5  Discussion

From the analysis of the literature and the results obtained, it’s necessary to answer 
some important questions: What is the evolution of the initiatives already imple-
mented in Portugal? What’s the result obtained in cork collection at an international 
level? What can be improved in terms of collection of used material?

At national level, Green Cork is the project that stands out. According to Green 
Cork’s latest report (2019), the results presented were as follows: from 2009 to 
2019, 408 tonnes of corks were collected, corresponding to 91,004,000 corks, which 
enabled the planting of 1,075,688 trees.
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The remaining national initiatives show little expressiveness, either due to the 
prematurity of the project or due to the low adhesion of the public leading to their 
stagnation/extinction.

Internationally, the project with the best results is the one in France, with around 
45 million cork stoppers collected. Another project worth highlighting is that of the 
NH Hotels group, Cork2Cork. With the product collected through this initiative, 
implemented in hotels in Spain and Italy, 300 rooms were insulated, improving 
comfort and energy efficiency.

“That way our guests will be able to witness how the corks are set aside and col-
laborate with the initiative directly” – NH Hotel Group (2019).

As the public is a key part of the success of such projects, it’s also important to 
let them know what is done/improved after their input.

26.6  Conclusions

26.6.1  General Conclusions

Cork is a material increasingly used in a wide range of areas, as it has unique char-
acteristics and strong potential both in terms of sustainability and circular economy.

As it’s an eco-efficient natural product with an unlimited life cycle, this requires 
a sufficiently strong contribution from the consumer/buyer to enable its reintegra-
tion into a new production cycle.

Portugal is one of the largest producers, processors, and exporters of cork in the 
world, with the greatest share of this production going to the wine sector, through 
the manufacture of corks for bottles. On average, around 40 million corks are pro-
duced daily.

Regarding sustainability, the cork sector needs to adopt additional measures for 
its growth. This is a gradual process whose effects aren’t seen immediately. However, 
given the increasingly pressing need to save resources and minimize the environ-
mental footprint, it’s important to find alternatives that enable a growing improve-
ment in said sustainability. This improvement may be obtained from synergies both 
in recycling and in reusing this material.

However, by analyzing the initiatives already implemented, the consumer/buyer 
isn’t aware of the impact that not reusing/recycling causes on the environment since 
it’s a natural product. On the other hand, we are faced with a high demand for this 
material already used for incorporation into new products by some recent compa-
nies in the market from different areas of activity. These seek, through the cork, to 
highlight their products as ecologically sustainable and improve their contribution 
to the circular economy in favor of a better planet. Given the small volume of col-
lected products available for processing, this objective is not always possible to 
achieve.

Another obstacle is the bureaucracy involved in the whole process of reusing 
already used cork, not only in terms of licensing but also in terms of integration into 
other products.
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Concerning the facts presented above, we believe that, when properly dealt with, 
improvements in the recycling quota can be obtained. On the other hand, it may 
open doors to new business models and job opportunities.

We verify that the approached subject has a strong probability of success regard-
ing the level of improvement of recycling and reuse. To this end, it’s imperative that 
the activity sector in question takes initiatives/measures to encourage the participa-
tion of the community and thus make the circular economy and sustainability model 
a reality for the common benefit.

To take advantage of the synergies that cork allows and to meet the growing 
needs of this raw material, given its application in a wide range of areas, it’s becom-
ing increasingly necessary to invest in ways to recycle and reuse this product, adopt-
ing new measures that allow cork that has already been used to be used for purposes 
other than the production of corks, since corks cannot “become corks” again.

Moreover, to achieve the purpose of improving the recycling and reuse of cork, 
based on its sustainability, we propose to promote the recycling of this product with 
the collaboration of humanitarian associations/institutions which are very close to 
the community and which, at the same time, can encourage both morally and 
socially participation and improvement in practices such as this. Based on this 
incentive, it will be possible not only to continue to invest in cork recycling but also 
to increase this practice, achieving an improvement in cork recycling, a result which 
will enhance the increasing sustainability of the product.

The main shortcoming of existing initiatives is related to the fact that some col-
lection/delivery points aren’t located at strategic points, which makes it difficult to 
obtain the product for recycling in large quantities. Thus, there is a need for invest-
ment in the promotion and dissemination of existing campaigns and/or the creation 
of new initiatives that awaken the interest/need for the active participation of all.

We present some examples of initiatives that could be put into practice to increase 
the recycling quota of cork:

• Creation of a box that would be fixed to the glass recycling containers to allow 
easier access to recycling points for this waste.

• Promotion of a nationwide initiative with the Portuguese Firefighters League, a 
corks collection campaign among the hotel sector and individuals in each region.
 – Through knowledge and proximity to the community, it will help and be pos-

sible to reach values higher than the current ones registered.
 – For the above idea to be feasible, we suggest an incentive to the corporations; 

for example, in the total sum of tons at the end of each period, we offer equip-
ment or fuel vouchers.

• To improve the amount of collection on the commercial surfaces, we suggest a 
new advertising and incentive strategy for customers visiting these spaces.
 – Place information regarding the reuse of cork and its benefit and repeatable 

life cycle next to the wine cellar area, as well as well signposted collection 
containers for this purpose.
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 – Create an incentive for the return of corks, for example, a simple device 
whereby the customer places the corks and a pre-established amount per kilo-
gram is returned as a discount on purchases in the shop.

26.6.2  Suggestions for Managers of Companies Participating 
in the Sector

Recycling already used corks makes it possible to take advantage of synergies for 
recycling this material as a way of obtaining a larger quantity of raw material at a 
reduced “environmental cost.” Given that the main shortcoming lies both in the 
incentive and in the volume of the collection, the essential effort for improvement 
should focus on the “massification” of collection points and collaboration with enti-
ties close to the community.

Thus, the promotion of initiatives to deliver/collect used corks should be intensi-
fied in the channels closest to the main buyers/consumers/partners as a way of 
increasing the amount of product for recycling/reuse.

Small companies, being one of the main stakeholders in the reuse of cork prod-
ucts, should be given easier access to waste and should be enabled to easily trans-
form the product and, above all, place the final product on the market.

26.6.3  Limitations

One of the main limitations of this research is related to the difficulty in accessing 
information since companies in the sector refer in their sustainability and circular 
economy models to the total use of raw materials, but don’t provide information 
regarding the collection of material for recycling/reuse, which leads us to question 
the extent to which these models are being implemented.

In addition to this difficulty, there is strong resistance to the dissemination of data 
and forms of action in the sector, which hinders research work and suggestions for 
improvement.

The issue of recycling after corks use is a subject that needs some work, as it’s 
perceived with some lack of interest by the sector because it’s a process with low 
profitability.

On the other hand, the product used isn’t considered a waste by the transformers, 
as it’s a 100% biodegradable material, but, by having this type of ideology, the 
potential of cork to be reintroduced in the production of new products is being lost.

The recycling/reuse of this product is considered unprofitable by the sector, since 
the recycling process often requires the selective separation of other elements, such 
as plastic and metal, which are an integral part of some structures (port and spar-
kling wine corks). The cost of the current separation process is a demotivating factor 
for the use of the product under consideration.

Furthermore, the literature on cork and cork reuse/recycle is very scarce.
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26.6.4  Originality of the Work

The sustainability of the cork sector through the transformation of used corks is an 
original theme, given that there aren’t many efforts to find processes to improve 
sustainability in this way. With this contribution, it would be possible to promote 
greater efficiency in the reuse of cork, at the same time avoiding its waste and harm-
ful effects on the environment.

Given the urgency of combating climate change, which has harmful effects on 
the environment and native species, we emphasize the need to reuse all kinds of 
materials that make this possible and to take advantage of the characteristics of 
products that allow this, reducing the negative impact of the transformation industry 
on the environment.

It’s therefore an original challenge, due to the lack of bibliographical content 
about sustainability/reuse of cork, which makes it a differentiating and necessary 
work for today and the future.

Once the GAP had been identified, we began a survey of existing initiatives and 
their results. Based on that, we carried out an analysis, case by case, and checked 
each program to develop its results, and useful life. In this way, we obtained infor-
mation that allowed us to use the theme and carry out different and original work.

This is, therefore, an enormous opportunity to explore the subject to try to under-
stand its impact and to help in the creation of new goals and incentive programs, the 
main purpose is to raise the awareness of the largest number of participants in the 
process and to awaken the need to create/update collection/reuse methods.

By performing this research, we intend to create influence on what exists and, at 
the same time, propagate the need for improvement in reuse and achieve a more 
sustainable future in the recovery of this material.

The new concepts that can be created for the new goals to be achieved should 
involve those responsible for the sector as well as the entire population and contrib-
ute to enrich the current literature.

26.6.5  Clues for Future Work

This topic, although already worked on a few years ago, may be explored in the 
future to find a more beneficial solution for the environment, the consumer, and the 
business sector.

Following are some of the points that could be updated or improved in the future:

• Study and analyze the recycling of used cork and the companies that carry out 
the transformation process for reintegration.

• To analyze the demand for recycled cork granules and the type of transformation 
process in the various industries that incorporate them into their final products.

• To continue the collection awareness project.
• To obtain sponsors for the collection campaign under consideration.
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• To analyze possibility of new partnerships for product collection and/or transfor-
mation with the following companies/organizations:
 – SUMA (at the level of used product collection)
 – LIPOR (at the level of used product collection)
 – Municipal councils at the national level (with the support of the government 

in terms of both transport and communication)
 – Galp Energia
 – EDP
 – Portuguese Fire Brigade Association
 – Recycled glass processing companies (BA Glass)

• To develop a cork collection campaign that brings together fire brigades close to 
local society and that enables the use of the same to intervene with the catering 
sector and the community.

• To provide benefits per tonne collected over a given period, thus valuing the 
work carried out and encouraging them to actively collect the material. The aid 
could be, among others, fuel vouchers and firefighting equipment.
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27A Grounded Theory of Historic Housing 
Tourism: A Methodological Path

José Luís Braga and Óscar Silva

27.1  Introduction

This chapter aims to account for the methodological path that has been taken in the 
concretion of an empirical study on historic housing tourism (henceforth HHT) 
(Braga, 2016).

Hence, the fieldwork started by seeking to contact a gatekeeper who could pro-
vide access to the substantive population of the study (Hammersley & Atkinson, 
2019). Being aware of the important activity carried out by the Housing Tourism 
Association (TURIHAB) – an entity that has been striving for the recovery of heri-
tage for more than three decades as well as for the promotion and qualification of 
the tourist offer in stately homes – the choice proved peaceful. Therefore, it seemed 
clear that the appropriate person to make the entry possible into the field would be 
the marketing director for TURIHAB. Thus, we held a preliminary interview with 
this TURIHAB collaborator to get into the problem under investigation.

The first technique we used to obtain relevant data to the ongoing investigation 
was participant observation. Nevertheless, we soon realized that an ethnographic 
method would produce a vast set of data that would only allow a descriptive study 
of the substantive area, without the possibility of generalizing, nor of establishing, 
a theory.

Therefore, by undertaking a literary review in manuals of research methods in 
tourism, the authors realized that classical grounded theory (henceforth CGT) 
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would best suit our project. So, the open coding of the field notes related to partici-
pant observation started by using the computer program Atlas.ti™ for the analysis 
of qualitative data. Nevertheless, quickly this system of storage, codification, and 
analysis of data was abandoned, and the authors opted for manual analysis. Actually, 
this decision was taken in accordance with what Barney Glaser, the co-creator of the 
methodology, recommends. The American sociologist advises against the use of 
computers to manage data in CGT: “as yet, computers block the abstract meaning 
making of good GT. The wonders of computers are great but not yet for GT” (Glaser, 
2003, p. 17).

On the other hand, after reading Birks and Mills’ handbook on grounded theory 
(2011), the researchers realized that their investigative work would benefit if they 
had online methodological mentoring. By surfing the internet, they found a portal, 
Grounded Theory Online (2022), which offered methodological counselling to 
young researchers using the methodology, what Glaser names “minus mentorees” 
(Glaser, 2014a).

So, the researchers started to adapt their data collection conforming it to the CGT 
principles, without disregarding the already significant corpus from the participant 
observation sessions that they had previously undertaken. However, these data were 
only subject to reasoned analysis when they finished the iterate process of collecting 
and analyzing data relating to the interviews they conducted with the owners, rele-
vant to the theoretical sampling. In summary, contrary to the data from participant 
observation, the information extracted from the interviews was in line with the CGT 
methodology.

For almost 2  years, the authors held periodic meetings online (the minimum 
frequency was fortnightly and, as they began to adjust to the method, the meetings 
became sparser). These online seminars aimed to clarify doubts or look for ways to 
overcome the challenges arising from the use and sustainability of the CGT meth-
odology capable of pointing out and providing answers/predictions to all 
stakeholders.

27.2  Data Collection

In this study, we collected considerable data that were gathered mainly in view of 
two techniques of social research: participant observation and unstructured inter-
view. The details of how we collected the data are set out below.

27.2.1  Participant Observation

The brief period in which the authors dedicated themselves to participant observa-
tion included five sessions that took place in October, November, and December 
2011 (then low season), on Saturday and on a public holiday (busy days). These 
sessions took place in the morning (approximately from 9:00 to 13:00). There were 
four research scenario houses, all located in Minho: the Paço de Calheiros, in Ponte 
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de Lima; Quinta de Santa Comba, in Barcelos (which I observed on two occasions); 
the House of Sezim, in Guimarães, and the Casa do Campo, in Cabeceiras de Basto.

In these houses, we adopted an observer position as a participant (Cole, 2008). In 
fact, in the half dozen social situations, we tried to make descriptive observations 
which, as Spradley (1980, p. 78) points out, aim to guide the social scientist when 
he is still ignorant of the culture under study. According to what the American 
anthropologist prescribed, we undertook the task of identifying the nine most 
important dimensions of a given social situation:

 1. Space: the physical place or places
 2. Actor: the people involved
 3. Activity: a set of related acts people do
 4. Object: the physical things that are present
 5. Act: single actions that people do
 6. Event: a set of related activities that people carry out
 7. Time: the sequencing that takes place over time
 8. Goal: the things people are trying to accomplish
 9. Feeling: the emotions felt and expressed (Ibidem)

Therefore, in the four houses which were studied, focus was placed on different 
scenarios and social situations. In the Paço de Calheiros, scene of our first session, 
we started the observation in the breakfast room; we then went to the kitchen and 
circulated around the house. So, we observed the interaction between host and 
guests at breakfast; we talked to members of the staff in the kitchen, noticed the 
interaction between host and guests outside the property, and witnessed a checkout 
that took place on the balcony. We also observed the apartments adjacent to the 
house. Then, we went up to the living room, where we talked to the owner/host and 
again watched the contact they had with guests.

In the first session, we held at the Quinta de Santa Comba, we observed the 
vicinity of the house, we visited its rooms and held an informal conversation with 
the owner’s wife, as he was absent. She led us on a guided tour also along the cha-
pel, the farm, and the kennel. On the second visit to the same setting, we were 
received by the owner who was in the breakfast room chatting with guests. We paid 
a close attention to this social situation. We went up to the top floor of the house. 
The owner showed us the room for the exclusive use of the family.

Days later we visited the House of Sezim. We saw the office. The host showed us 
the interior of the house, the balcony, and the guests’ amenities. We also paid atten-
tion to the breakfast service and the interaction between staff, host, and guests. Then 
we talked to the kitchen owner and, finally, we went about the space surrounding the 
house and returned to the office.

The last participant observation session took place in the Casa do Campo’s room, 
where we witnessed breakfast and the interaction between a group of guests and the 
owner’s daughter. Then we talked informally with both the hosts, the mother and the 
daughter.
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27.2.2  Characterization of the Sample

Throughout the study, 53 interviews were conducted with hosts/owners of stately 
homes. Of the more than half a hundred houses, only 10 were not classified as 
HHT. HHT houses are small-sized facilities. From the sample that we collected, the 
house with the smallest number of rooms had two and the one with the highest 
accommodation capacity had 15 rooms.

As for the type of interviews we conducted, they were mainly face-to-face (48), 
but also by telephone (3) and e-mail (2). Regarding the geographical origin of the 
houses, the vast majority are located in the former province of Minho (34). A resid-
ual number is found in Douro Litoral (4), Trás-os-Montes and Alto Douro (3), Beira 
Litoral (4), Beira Alta (1), Ribatejo (1), Alto Alentejo (2), Baixo Alentejo (3), 
Algarve (1) and Açores (2) – let it be stressed that the total number of houses is 55 
since one of the interviewees owns three houses of HHT, two in the Azores islands 
and one in the Algarve region.

If we consider the sampling by district, the largest number of houses (21) are in 
Viana do Castelo, followed by Braga (12), Porto (5), Aveiro (4), Beja (3), Vila Real 
(2), Évora (2), Ponta Delgada (1), Horta (1), Faro (1), Viseu (1), Santarém (1) and 
Bragança (1) – the same distortion factor mentioned above maintains its effective-
ness in this case.

Regarding the municipalities where the houses are located, Ponte de Lima (15) 
stands out – which is justified by the fact that TURIHAB is based there and because 
it was in this municipality that HHT had its beginning – and mainly in the parishes 
of Arca and Ponte de Lima (3) and Arcozelo (3).

27.2.3  Interviews to Generate Theory and Theoretical Sampling

For the first interview, we prepared four questions as neutral as possible, of a “grand 
tour” type (Spradley, 2016, p. 86):

 1. Can you please talk about your experiences as owner and host of house X?
 2. What were the main things that happened in House X from the start of your man-

agement of tourism to the present?
 3. How do you feel as a host?
 4. Can you tell me how this activity has changed over time?

In subsequent interviews, we tried to have a conversation with the interviewee, so 
we asked only questions 1 and 3. Our first goal was to ask questions that led to a 
verbal “regurgitation” (“instill the spill”) by the interlocutor (Glaser, 2001, p. 175).

On the other hand, the authors tried to exercise ourselves in the practice of 
unstructured interviews by listening to news broadcasts on YouTube and registering 
the keywords on a sheet of paper. Thus, they avoided writing down everything so as 
to prevent descriptivism and promote conceptualization.
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Similarly, at the end of the research interviews, the researchers expanded the 
field notes from what we had kept in our memory and from what we had written 
on paper.

Sometimes the researchers were confronted with owners who provided us with 
proper line data (Glaser, 1998, p. 9). But they soon came to the conclusion that all 
kinds of data were valuable and should be carefully analyzed, thereby preventing 
speculation. The authors considered that these data could prove useful at a later 
stage of the analysis.

In other circumstances they were so successful in the interviews that they could 
conduct them in full, using only two open questions or even just one. The way the 
interviews were conducted resembled the “Freudian” interview, since the research-
ers’ asked questions and probed the information they thought was most relevant – as 
in the therapeutic interview where the therapist reflects and reformulates the 
patients’ statements, emphasizing their emotional aspects, letting the patient say 
what s/he likes without interrupting him/her except when the climax is depleted 
(Kvale, 2011, p. 18).

However, not all interviews proved to be easy. There were times when the inter-
viewer faltered when formulating the questions or when, despite the empathy of the 
interlocutor, the researcher could not properly probe, nor did he divide patterns of 
behavior in the discourse and sought in vain for substantial information in what was 
said. There were also cases in which the interviewees’ statements were erratic. Our 
methodological memo illustrates well these vicissitudes:

The interview with this owner didn't start in the best way. I wavered in the first question. 
The owner, however, spoke quite at ease. Initially – and in the final phase of the interview – 
his wife was there and sometimes intervened to introduce some topics she thought relevant. 
Both were courteous. At one point, the owner asked if I didn't have any more questions. I 
was waiting for him to give me additional information regarding certain points that he 
thought were relevant and that he had already suggested. But this time, I had a hard time 
finding substantial information. It seemed I could not find any relevant patterns that could 
be of use.

Adding to this difficulty, the owner repeatedly asked me not to write information he meant 
to keep confidential. Therefore, large parts of the interview were not recorded on paper and 
my conscious memory discarded some of the confidential information he gave.

The authors’ goal at this stage was to interview as many hosts as possible, and they 
came to the conclusion that, in this first stage of analysis, they needed 25 interviews. 
In fact, they needed to collect more data to refrain from being descriptivist and actu-
ally start conceptualizing. In addition, they tried to interview using other means, 
such as e-mail and telephone. Nevertheless, the scarce conceptual output garnered 
led them to focus only on the face-to-face interview mode, since the so important 
observational aspect was absent from the two other means.

However, the researchers’ analysis of the interviews and the ideas they had in the 
memos, concerning the concepts and their interrelations, led them to infer who they 
would interview next. Indeed, Glaser (2014b) maintains that writing memoranda is 
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a vital research procedure for CGT, so he recommends that memos should be con-
tinuously written, as they ensure the quality of the emerging theory.

On the other hand, their questions, which were previously descriptive, became 
more and more specific to collect data that could fill in the missing categories. One 
of the strategies they used to confront the interviewees with sensitive information 
was to remove illustrations of testimonies given by other hosts and to interpret them. 
Below the authors highlight how they put these questions together:

 1. Some people have told me that...
 2. What do you think of...?
 3. Can you tell me about...?

Although at some point of the research they had also interviewed hosts of stately 
homes not belonging to the HHT category, their methodologist advised them to 
continue to interview hosts of this type of tourist facilities first.

As they improved their theoretical sampling, they interviewed hosts that had 
close connections to the founders of the house, hosts who had purchased the house 
but had no connection to the original family, as well as hosts who had no connection 
to the house other than being employees there. Their effort to theoretically saturate 
the categories continued when they interviewed newly open to HHT home owners; 
owners of houses that had shut down their activity not long ago; owners of houses 
that had been the object of sharing, as well as owners of highly reputed HHT facili-
ties in the market.

27.3  Data Analysis

Data analysis in CGT is a meticulous work involving what follows: open coding; 
constant comparative analysis; theoretical sampling; the identification of the core 
category; selective coding; sorting of memos; theoretical coding; and the writing of 
memos in the form of theory. Below we try to clarify the various methods and praxis 
of the analysis in CGT.

27.3.1  Open Coding and Constant Comparative Analysis

The field notes which were took during the interview were expanded in the word 
processor and line-by-line coding was first implemented, by questioning the inci-
dents as follows:

What category does this incident indicate?
What property of which category does this incident indicate?
What is the main concern of the participant? (Glaser, 1998, p. 140)
The codes have been assigned using the word processor’s “comment” feature. The 

procedure is illustrated in Fig. 27.1.
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Fig. 27.1 Open coding process in the word processor. (Source: Authors)

After the open coding process, the identified incidents were then “copied” and 
“pasted” into another new word document under the appropriate code title, as shown 
in the example below:

Code 1
Incident a
Incident b
Etc.
Code 2
Incident c
Incident d
Etc.

Then the researchers used the “highlight” feature of the same word processor to 
be able to suppress incidents and let the codes alone to remain visible, so that they 
could compare codes with codes. Later, they expanded the codes so that they could 
see the incidents and enable the comparison of incident to incident within a code 
and immediately after they collated incidents through codes. The process is shown 
in Figs. 27.2 and 27.3.

They then wrote memos about the codes and their relationships with other codes 
by creating a separate document as shown in Fig. 27.3.

In other words, the researchers grouped incidents under their properties or cate-
gories while simultaneously writing memos, for example, concerning the “host” 
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Fig. 27.2 Constant comparison method in the word processor. (Source: Authors)

Fig. 27.3 Writing of memos in the word processor. (Source: Authors)
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category. As they became more experienced in the coding process, they found that 
the names they gave to the incidents were conceptualizing them (rather than describ-
ing them). Whereas in the memos they began to unravel whether the concepts they 
were discovering were properties of another concept or if they were autonomous 
concepts. As have been stated, CGT is an interactive process, so they had to analyze 
(i.e., code and write memos) each interview before they started the next one. 
Moreover, this research instrument must be written in the present, abstracting us in 
its writing of people, time, and places.

Thus, they begun to focus their analytical attention on behaviors, namely on the 
conduct of the host in response to the actions of the guests, in order to discern the 
properties of the guest and the host. They also set up a typology of hosts. The next 
moment they tried to raise our level of conceptualization, putting details apart to 
uncover patterns. In addition, they peered their interviews to extract all incidents 
that concerned the “host” concept. Indeed, they have found that some incidents 
defined “host”; some others concerned their behavior, others focused on the way the 
host behaved in response to guests. Soon from our analysis emerged also a distinc-
tion between “refunctionalization styles” (i.e., classic; hybrid; modern). In addition, 
for each interview, the researchers tried to find out what was happening to the par-
ticipants and what solutions they were adopting for the problems they were facing.

With regard to the writing of memos, they started to look for “gray” areas of 
analysis and to record all the hindrances found during research, thus gaining aware-
ness of the difficulties. However, they did not abandon the constant comparative 
method, as they used it to continue the comparison of the most relevant codes, since 
they still needed to ensure that the concepts that came out of the research were well 
grounded. In fact, Glaser and Strauss (1967) divide the method of constant compari-
son into four phases:

(1) Comparing incidents applicable to each category, (2) integrating categories and their 
properties, (3) delimiting the theory, and (4) writing the theory. Although this method of 
generating theory is a continuously growing process – each stage after a time is transformed 
into the next – earlier stages do remain in operation simultaneously throughout the analysis 
and each provides continuous development to its successive stage until analysis is 
terminated.

At this stage, they raised the conceptual level by distinguishing properties that 
would specify or define the concepts, dimensions that shaped a concept, and degrees 
that would give them the extension of a concept in a continuum – e.g., category: 
“host”; property: “attachment”; dimension: degrees of “attachment” (too much; too 
little, etc.) (see Glaser, 1978). Thus, looking for the properties of the concept “host” 
and determining its variation, they were able to define its typologies. On the other 
hand, that enabled them to highlight the structural conditions in which hosts operate 
(e.g., category “political structure”).
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27.3.2  Main Concern

The first goal of CGT is to identify the main concern of the participants and how to 
solve it. In fact, in this methodological approach, the research problem emerges 
from the participants’ statements, rather than being preconceived by the researcher. 
Therefore, in order to identify the main concern of the participants and the process 
by which to solve it, the researchers asked the above-mentioned questions to the 
incidents, compared incident to incident, code to code and, later, category to cate-
gory. This process led to the emergence of the main concern and the development of 
preliminary concepts and categories (cf. Andrews et al., 2012).

Nevertheless, the procedure was gradual. Initially they made sure that the main 
concern of the hosts when buying the estates could be different from those that 
inherited them. Wanting to know the motivations of this last type of hosts, they 
found out that the change of hands of the property explained their behavior. They 
noticed that lineage hosts, in some cases, created a hosting exploration modality that 
included a family contract detailing how the exploration of the estates must be car-
ried out and that these guidelines determine their future behaviors. In fact, there 
remains the need to preserve the family ties the house stands for. The following 
statement from an owner explains it:

However, people must be first. I have children. If I had to feed them and didn't have any 
money, I'd sell the house. However, there is a sentimental value that is priceless. I'm not that 
much of a well-to-do person, but if you gave me 50 million euros for this house, I still 
wouldn't sell it, because I know I wouldn't come back here to see it.

But if you told me you'd have this house, but your kids won't be healthy, then I'd sell it. 
Now, for money, I wouldn't sell it for 50 million euros, I wouldn't want that money. What I 
feel for it comes first; feelings; people. I have this emotional connection because every 
corner here is a trace of my great-great-grandfather, whom I never saw, but who looks like 
my father. (Interview No. 8)

 – Thus, what ensures the continuity of the family heritage is the handing of the 
house in the best possible conditions to the next generation. However, it was not 
possible to know whether this concern was also common to the hosts by acquisi-
tion (i.e., those who do not have a kinship connection to the founder of the 
house). It may also happen that these participants intend to improve the house’s 
reputation. To reach a proper conclusion, the authors interviewed both types of 
owners, starting with the following question:

What does this house mean to you?

After listening to the relevant participants for theoretical sampling, they concluded 
that both types of hosts (lineage and acquisition) shared the same main concern, as 
summed up in the following extract from an interview to a host by acquisition:
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This estate will surely pass to the next generation. The house was bought in 1974. This 
activity started 21 years ago and therefore the next generation is already there. They will go 
on. When there are generational conflicts  – and there always are  – they will always be 
greater if the older generation do not accept the innovations of the younger generations. 
(Interview No. 30)

The researchers then wrote a working paper. In fact, they wrote it when they com-
pleted the first theoretical sorting of the memos, which could then be written. The 
purpose of the working paper is to put the theory into paper through a draft. This 
was the way to describe the main concern of the participants: “after more than four 
dozen interviews, I concluded that the main concern of the participants is the pres-
ervation of the house’s history (and family bonds). The way to address this concern 
is to refunctionalize it!” (Braga, 2016, p. 318).

27.3.3  Core Category Identification and Selective Coding

There is a time when the researcher starts to selectively code for a core variable and 
when open coding ceases. Glaser (1978) suggests that the theory is delimited to a 
single core category (which is often a basic social process). This does not mean that 
the other variables become extinct, but the concentration of the analysis in a single 
core variable only lowers other potential core categories to a subordination function.

In fact, at this stage of the analysis, the researchers were under pressure, since, 
after 20 interviews, the memo bank and the constant comparative analysis had not 
yet led them to a definitive core category. In other words, they needed to raise the 
level of conceptualization in order to unveil a core category and possibly four sub-
categories and delimit their study to the way their participants approach their capital 
problem. Glaser (1998, p. 150) refers to the decision of initiating selective coding 
for a core category in the following terms:

Some people find this a brave move, since they are not sure that they have found the core 
category or that it correct to pursue. They must make this selection as it is one of the prime 
delimiters of grounded theory. By selective coding the theory is boiled down and codified, 
by saturation, more focused memos, selective theoretical sampling and the shift to a more 
focused theoretical perspective.

Finally, after about 2  years of research, the authors reached the core category: 
“refunctionalizing”. This is a variable that seems to interconnect all the main con-
cerns of the participants. From this moment they stopped coding neutrally and 
started doing it only for the code “refunctionalizing”. On the other hand, they have 
come to define this category in relation to its properties. They also realize that this 
refunctionalization is formed by a structure. In this sense, some behaviors of the 
hosts that did not fall into the core category were left out. This was the case of the 
attitudes that dated back to the setting up of the house. Therefore, at this stage we 
favored the analysis of behavior in the present.
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27.3.4  Sorting of Memos and Theoretical Coding

Before starting the memo sorting, the researcher has already written in paper the 
conceptual generalizations – so hard to obtain – concerning how a core category 
continuously solves the main concern inserted in the memos. Therefore, the analyst 
now has a bank of mature memos that claim to be sorted in the form of a theory.

Thus, before the researchers entered the memo sorting stage, they read Glaser’s 
compendium (2005) on theoretical codes, which allowed them to integrate them 
conceptually better. The same author distinguishes theoretical codes from substan-
tive codes: “there are basically two types of codes to generate: substantive and 
theoretical. Substantive codes conceptualize the empirical substance of the area of 
research. Theoretical codes conceptualize how substantive codes may relate to each 
other as hypotheses to be integrated into the theory” (Glaser, 1978, p. 55).

From our classification effort what came about was a combination of theoretical 
codes: a basic social process (for a definition of this term, see Glaser and Holton, 
2005; Carrero Planes et al., 2006); “refunctionalizing” made of two stages, “impro-
vising” and “professionalizing”; a typology of hosts (“dedicated host”; “undedi-
cated host”; “lineage host”; “host by acquisition”; “host initiator”; “continuing 
host”; “professional host”; “manipulative host”); and three refunctionalization 
styles (“classic”, “hybrid,” and “modern”). On the other hand, we developed an 
amplifying casual looping model in a vicious cycle (“less dedication” → “less per-
sonalization” → “obtaining negative evaluations of the accommodation” → “nega-
tive reputation of the house” → “reduction of sustainability” → “lower equity” → 
“lower pace/intensity of home recovery” → “less certainty of home continuity”) 
and, by contrast, a virtuous cycle (“greater dedication” → “greater personalization” 
→ “getting positive reviews of the accommodation” → “positive reputation of the 
house” → “increased sustainability” → “higher equity” → “higher pace/intensity of 
home recovery” → “greater certainty of home continuity”).

The researchers made a preliminary classification of the memos by code names 
to see what “came about”. Then they also classified the interrelations between con-
cepts. For example, they tried to determine the variations of hosts’ behavior when 
facing more severe, softer, or even absent legal frameworks. The sorting of memos 
was made by conceptual ideas. The researchers have therefore sorted the ideas con-
tained in our memos which referred to the concepts and concepts interrelations. The 
mechanics of memo preparation comprised the printing of A4 sheets of paper and 
cut them with a boxcutter to highlight the most relevant ideas concerning the emerg-
ing theory. Then they collected the first piece of paper from the stack of memos, and 
if they could see more than one idea in it, they would cut it into sections. On the 
other hand, they let the kinetic relationship emerge from the pieces of paper they 
had removed from the pile. Then they would put together the pieces of paper that 
could be interrelated. On top of each pile, they wrote the name of the idea that put 
them together or kept them isolated waiting for an idea to emerge. The relationship 
between the pieces of paper led to conceptualization (an example of such a relation-
ship may be the dimension “performing more”/“performing less”). Later the 
researchers wrote the aforementioned working paper of more than half-hundred 
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pages where the outcomes of their sorting work were. They needed no grammar, 
spelling, punctuation, syntax or formatting. This exercise helped them raise their 
level of conceptualization. Afterward, they made another memo sorting, seeking to 
highlight patterns of behavior and structures. In fact, they reiterated the analysis of 
memos referring to the “host” category, in order to understand whether these were 
defined by their properties.

In addition, they classified the remaining memos, for example, in order to under-
stand what the hosting exploration modality offered guests. At this point, they tried 
to intensify the pace of sorting by trying to capture memos that denoted patterns. 
However, they were left with a large number of memos (150 A4 pages), so they 
excluded those that were too close to the data. When they finished the second memo 
sorting session, they wrote the following memo:

I now end the second sorting with several concepts that refer to behaviour: hosting; creating 
a reputation; dedicating; recovering; sustaining; valuing; contacting; Economic Model of 
the House; Personalizing; Integrating; Professionalizing; Broadcasting; Engaging; 
Enjoying; House; Political Structure; Financing; Economic Model of the House. Next, I 
will classify each of these concepts, trying to highlight the properties, dimensions and 
degrees of the categories.

In the subsequent session, the third one, the authors framed the sorting by connect-
ing the memos with the “refunctionalizing” core category. At this time, they also 
ceased our methodological supervision, since they were convinced that they already 
had a solid theory, despite their methodologist being of the opinion that they could 
still raise our level of conceptualization further and delimit their study to the way 
our participants solve their main concern.

In fact, this stage of the process has proved troublesome because they have accu-
mulated a multitude of memos. For this reason, their classification of memos was 
time-consuming and tedious (it could take several days and even weeks). They tried 
to sort the memos in a fluid and spontaneous way. To solve the problem, they 
restricted themselves only to the new memos and the “best” memos of the earlier 
stages of their study to come up with conceptual ideas. Nevertheless, it proved 
impossible for them to summarize the sorting effort in 2–3 h, as their methodologist 
requested.

Although they have not delimited their substantive theory to the fullest, which 
would eventually lead to a further reduction in the number of categories and a the-
ory with a smaller set of high-level concepts, they believe that the final result is solid 
and that it fits the criteria of adherence to the data, relevance, work, and modifiabil-
ity that are indispensable to a CGT (see Tarozzi, 2008).

27.4  Conclusions

In these lines, the authors have tried to present the essential methodological aspects 
of the empirical research that they have been developing and which seeks to clarify 
how the owners of stately homes solve the main concern with which they are faced 
in the pursuit of their task of HHT hosts. Thus, the authors’ aim was to demonstrate 
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the potential of CGT. So, from a social unit of analysis (the manor house of HHT), 
we can establish a theory applicable to a number of everyday situations within that 
substantive area, and not just a single type of scenario.

Similarly, throughout this chapter, we highlighted the way data were collected 
through participant observation and unstructured interviews, as well as clarifying 
the methods of data analysis used to generate a grounded theory of historic housing 
tourism: open coding; constant comparative method; theoretical sampling; memo 
writing; selective coding; memo sorting; theoretical coding; and theoretical writing.
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28Attitudes of Internal Stakeholders About 
Museums in Vojvodina and Their Offer 
in Tourism

Snežana Besermenji, Jelica Ilić, Staša Arsenović Koprivica, 
and Radovan Sremac

28.1  Introduction

Stakeholders are “groups or individuals, who can be or are influenced by realization 
of the mission of the organizational system” (Freeman, 1984, p. 46). In a museum, 
a stakeholder is a person who has an interest in the politics of programs of the 
museum (Kotler, 1998, p. 68). Stakeholders can be internal or external. Internal are 
the owners, managers, and other employees, so the internal stakeholders in the 
museum are represented by managers, curators, IT specialists, restorers, art histori-
ans, and all other employees. Employees who have an interest in museum programs 
aimed at tourism and tourists will be presented in this chapter under the term inter-
nal stakeholders.

The aim of the work is to analyze the attitudes of employees in the museums of 
Vojvodina (province of the Republic of Serbia) and examine to what extent the 
museums are focused on tourism and participate in the formation of the tourist offer 
of the region, in addition to their primary task of preserving and protecting the exist-
ing cultural heritage within their framework. In the existing literature, museums are 
often viewed as a tourist product and usually a static opinion is given about the 
importance of tourism for museums, and museums, due to their special role, should 
be distinguished from other tourist attractions such as monuments or theme parks 
(Culley, 2010).

The relationship between cultural tourism and museums should be observed 
through their contrasts, as well as similarities. Their difference is mainly based on 
the non-profit nature of museums and the profit nature of cultural tourism. Their 
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similarities are based on providing opportunities for improving experience, educa-
tion, as well as cross-cultural acquaintance and understanding. The public dimen-
sion has been for a long time the function of the museum, so the issue of visitors has 
been a frequent topic of discussion, and the public dimension is extremely impor-
tant for tourism, because it deals with the perspectives of users, i.e., consumers 
(Benediktsson, 2004). The museum audience is strongly connected with tourism, 
because tourists are part of that audience, and for many museums the largest num-
bers of visitors are tourists (Kotler et al., 2008). The presence of a museum is most 
often seen as the presence of something valuable and relevant, which should be 
shared with the public. The main task of a museum is to educate its visitors about 
the history, culture, and nature of a city, region, or country, as well as about a spe-
cific object of special interest, while at the same time to preserve these elements for 
future generations. The main role of the museum is to protect cultural heritage and 
attract as many tourists as possible (Pekarik, 2003). According to the research of 
Allan and Altal (2016), the main motivational factor for visiting the museums is the 
exploration and the major emotional dimension is the pleasure. Nowadays museums 
include a very wide range of objects, such as aquariums, vivarium’s, botanical gar-
dens, planetariums, and similar, and they are becoming more and more interesting 
attractions for tourists. They also become destination visitor and interpretive cen-
ters where people can find information and learn about the place (Krivosejev, 2012). 
The tourism industry is based on diversity. Tourists in general, and cultural tourists 
in particular, are interested in topics they do not have at home, which are different 
customs, a different way of life, manifestations, cultural heritage in general, as well 
as museums with different settings. This is the reason museums should participate 
in the formation of the identity of a destination (Gajski et al., 2011).

In their empirical research, Conti et al. (2017) identified clusters of museum visi-
tors: occasionals, aestheticals, routine-breakers, global experientials, and aesthetic 
learners. “Some clusters may be considered the “classic” museum visitors who are 
mainly interested in the aesthetic and learning dimensions of the museum experi-
ence, while other clusters represent the “new targets” who are interested in other 
dimensions of experience, such as entertainment, evasion, and/or socialization” 
(Conti et al., 2017, p. 4).

In order to attract as many tourists as possible and achieve economic effects, it is 
necessary to include museums in joint tourist packages. However, it is necessary to 
take care that the number of visitors does not endanger the collections or their val-
ues in any way (McManus, 2010). For museums to be successfully involved in tour-
ism, it is necessary that they become open to an entrepreneurial approach, while at 
the same time to achieve their basic task of heritage preservation. Museums are 
increasingly using the Internet to promote themselves and attract visitors (Bauer 
et al., 2019). Digital technology serves as an important tool to innovate things and 
processes  in all areas of the museum institution, not only in promotion activi-
ties  (Navarrete, 2019). Augmented reality is increasing engagement in visitors’ 
experience in museum, and technological advancements are expanding the innova-
tive potential and creative opportunities of businesses (Serravalle et al., 2019). Also, 

S. Besermenji et al.



423

tourism entities, such as hotels, travel agencies, entertainment attractions, and oth-
ers, need to be ready to accept new ideas (Silberberg, 1995). In modern world, 
museums face many challenges such as numerous competitions and the need of 
increasingly sophisticated visitors (Lynch et al., 2000). Nowadays, the focus of the 
museum is increasingly moving toward the overall experience, instead of toward the 
objects (replicas, simulations, performances, and electronic media) (Ames, 2004). 
Museums today devote more resources to social and participatory experiences than 
earlier (Kotler, 2001). Some experts believe that the process of popularization and 
commercialization can reduce the value of cultural experiences, which questions the 
definition of traditional museums (Tufts & Milne, 1999). However, due to financial 
reality, museums have also undertaken commercial services, so research and con-
servation take a back seat to market issues (Genoways & Ireland, 2003). The tradi-
tional view of the museum becomes outdated, because today many museums are 
based on social events, i.e., the opportunity to spend time with friends and family 
(Thyne, 2001).

28.2  Research Methodology

The research was conducted on the territory of Autonomous Province of Vojvodina 
in the period from October to December 2020. The research included internal stake-
holders of museums in Vojvodina. For the purpose of the research, a questionnaire 
was created, which mostly contained closed questions. In order to investigate the 
perception of internal stakeholders, a five-point Likert scale was used, and the 
points were expressed on a scale from 1 to 5, where point 1 expresses absolute dis-
agreement or the lowest value and point 5 expresses absolute agreement and the 
highest value. The questionnaire was created in accordance with Sara Kali’s 
research, and it was adapted for the research needs discussed in this chapter. In the 
questionnaire, in relation to the set topics, different statistical methods were applied. 
Statistical processing of the collected data was performed using the Statistical 
Package for Social Sciences (SPSS 17.0). The questionnaire consisted of four parts. 
The first part consisted of the socio-demographic characteristics of the respondents, 
the second part related to their views on the most important goals and the activities 
of the museum, the third part related to their views on the presence of tourists, and 
the fourth part dealt with possibilities for improving the museum’s offer. The ques-
tionnaire was answered anonymously by all interested internal stakeholders. 
Applied statistical methods are descriptive, reliability of the measuring instrument, 
and factor analysis.

Descriptive statistical method included the methods of data collection, arrange-
ment, and presentation, and the grouping of data was carried out according to the 
values or modalities of observed features. The reliability of the measuring instru-
ment was tested using Cronbach alpha coefficient. In order to reduce a large set of 
items, factor analysis was applied, and this was achieved by finding groups of 
closely related items. To determine the validity of the factor analysis, Bartlett’s 
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reliability test (Bartlet, 1954) and Kaiser-Meyer-Olkin indicator were applied 
(Gorsuch, 1983). The factors explained 70% of the total variance. The number of 
factors was determined by using the rotation method.

28.2.1  Socio-demographic Characteristics 
of Internal Stakeholders

In this research, internal stakeholders are employees of museums, who participate 
in the creation and presentation of programs for the public. For the purpose of the 
research, 77 respondents answered the questionnaire, and the questionnaire was 
distributed via e-mail to all museums in Vojvodina (34). Table 28.1 shows the socio- 
demographic characteristics of the sample (internal stakeholders).

In the total sample, men make 28% and women 49%. The age groups from 31 to 
40 with 26% and from 41 to 50 with 27% are the most represented. According to 
education, the largest number of respondents completed college or university, i.e., 
31%, and master and post-graduate studies, i.e., 33%. In the occupational structure 
of internal stakeholders, curators are the most numerous, namely 2 curators, 1 grad-
uate ethnologist anthropologist senior curator, 3 archaeologist curators, 4 ethnolo-
gist curators, 3 historian curators, 1 art historian curator, 4 pedagogue curators, 1 
anthropologist curator, and 2 ethnologist senior curators. In this research were also 
included 10 archaeologists, 11 historians, and 29 of others.

Table 28.1 Socio-demographic characteristics of the sample (internal stakeholders)

Characteristics Frequency (%)
Sex Men +-28 (36.4)

Women 49 (63.6)
Age Less than 20 1 (1.3)

From 21 to 30 1 (1.3)
From 31 to 40 26 (33.8)
From 41 to 50 27 (35.1)
From 51 to 60 18 (23.4)
More than 61 4 (5.2)

Education Primary school –
Secondary school 5 (6.5)
College or university 31 (40.3)
Master and post-graduate studies 33 (42.9)
PhD studies 8 (10.4)

Occupation Curators 27 (33.8)
Archaeologists 10 (13.0)
Historians 11 (14.3)
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28.3  Results

28.3.1  Perception of Internal Stakeholders About the Importance 
of Certain Museum Activities

In modern tourism, museums represent a significant part of the tourist offer. In 
Vojvodina, tourism in most museums is not clearly emphasized in museum busi-
ness. However, the surveyed internal stakeholders mentioned the protection of local 
heritage as the most important function of museums (92.2%), followed by the inter-
pretation of local history or culture for tourists, which indicates their awareness that 
museums should be more represented in the tourist offer in Vojvodina (Table 28.2).

28.3.2  Perception of Individual Items of Internal Stakeholders 
About the Presence of Tourists

This analysis includes the perception of internal stakeholders on the impact of the 
presence of tourists on the work of the museum. Calculating the overall mean value 
of perception was preceded by the recording of items that had a negative meaning, 
more precisely recording of items that show a negative attitude toward the impact of 
the presence of tourists.

According to data from Table 28.3, it can be concluded that the attitude of inter-
nal stakeholders toward tourists is positive, because they provide new sources of 
income (46.8% absolutely agree and 28.6% agree). They absolutely disagree 
(59.7%) with the attitude that tourists disrupt conservation efforts. They also abso-
lutely disagree with the attitude that the presence of tourists causes more damage 
than the local population (58.4%) and that tourists (51.9%) interfere with the proper 
preservation of artifacts.

Table 28.2 The most important museum activities for internal stakeholders

Items Valid percentages (%)
Mean 
value (M)

Std. 
deviation (q)

1 2 3 4 5
Interpretation of local history or 
culture for tourists

0.0 0.0 6.5 5.2 88.3 4.82 0.53

Interpretation of local history or 
culture for local visitors

0.0 0.0 7.8 10.4 81.8 4.74 0.59

Protection of local heritage 0.0 0.0 2.6 5.2 92.2 4.90 0.38
Education of local visitors 0.0 1.3 6.5 14.3 77.9 4.69 0.65
Education of tourists 0.0 0.0 6.5 10.4 83.1 4.77 0.56
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Table 28.3 Basic characteristics of individual items of the perception of internal stakeholders 
about the presence of tourists (N = 47)

Items Valid percentage (%)
Mean 
value (M)

Std. 
deviation

1 2 3 4 5
Provides new sources of income 3.9 2.6 18.2 28.6 46.8 4.1 1.05
Puts more pressure on available 
resources

15.6 20.8 40.3 13.0 10.4 2.8 1.16

Restricts access to other visitors 55.8 23.4 16.9 0.0 3.9 1.7 1.00
Interferes proper conservation of 
artifacts

51.9 22.1 16.9 5.2 3.9 1.9 1.11

Disrupts conservation efforts 59.7 20.8 15.6 0.0 3.9 1.7 1.00
Causes more damage to the locality 
than the presence of local visitors

58.4 16.9 19.5 1.3 3.9 1.8 1.06

Local visitors show more respect for 
provided information than tourists

9.1 24.7 37.7 7.8 20.8 2.6 1.06

Table 28.4 Basic characteristics of individual items for the analysis of internal stakeholders’ 
reflection on the needs of tourists when performing business

Items Valid percentage (%) Mean value 
(M)

Std. 
deviations1 2 3 4 5

Exhibition planning 3.9 2.6 27.3 20.8 45.5 4.01 1.9
Designing exhibitions 3.9 2.6 23.4 20.8 49.4 4.09 1.9
Development of educational 
programs

3.9 6.5 20.8 19.5 49.4 4.03 1.15

Text and information about 
the exhibits

1.3 0.0 11.7 26.0 61.0 4.46 0.75

Advertising promotion 1.3 1.3 14.3 27.3 55.8 4.35 0.87

28.3.3  Review of Internal Stakeholders on the Needs of Tourists 
When Performing Their Business Tasks

The reflection of internal stakeholders on the needs of tourists when performing 
their business tasks was examined using a five-point Likert scale. A detailed analy-
sis showed that there is a significant difference between the perceptions of business 
tasks by internal stakeholders. They absolutely pay attention to the needs of tourists 
when creating text and information about exhibits (61%), followed by advertising 
promotions (55,8%), designing (49.4%), and developing educational programs 
(49.4) (Table 28.4).

28.3.4  Stakeholders’ Attitudes on the Possibilities for Improving 
the Museum Offer

In order to determine whether there are statistically significant differences in the 
perception of the possibilities for improving the museum offer among internal 
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Table 28.5 Suitability of the scale for performing the factor analysis procedure of the perception 
of possibilities for improving the museum offer

Kaiser-Meyer- Olkin measure of sampling adequacy 0.83
Bartlett’s test of sphericity approx. chi-square 1220.245
df 231
Significance 0.000

Table 28.6 Extraction sums of squared loadings

Cumulative %

1 44.678
2 54.524
3 60.183
4 65.773
5 70.730

stakeholders, a factor analysis was performed on the total sample of internal stake-
holders for 22 questions. The value of the KMO indicator of the adequate sample 
was 0.83, which exceeds the threshold value (it should be greater than 0.6). Bartlett’s 
test of sphericity reached the required statistical significance Sig. 0.000, which 
means that it is less than the threshold value 0.05. This confirms the justification of 
the application of factor analysis (Table 28.5).

These five factors determine 70.7% of the data, i.e., the variance. Table  28.6 
shows the communality of individual motives, i.e., to what degree each one describes 
a given phenomenon. All items have a value greater than 0.5, so they are all included 
in further analysis. By analyzing the values and the curve diagram, it is concluded 
that it is meaningful to keep five dimensions, which describe the perception of the 
improvement of the museum offer (Table 28.7).

Principal components analysis revealed the presence of five components, which 
explain a total of 70.7% of the variance. The value of the Cronbach coefficient for 
all factors (from F1 to F5) exceeds the recommended value of 0.7. Cronbach coef-
ficient alpha for the entire scale of 22 questions is F1–F5 = 0.94. The above data 
indicate that the set model is reliable (Nunnally, 1978) and that the obtained results 
are scientifically supported.

The first factor, F1 – modernization of the museum setting, combines five items, 
with factor loadings ranging from 0.43 (for the statement “computer room”) to 0.76 
(for the statement “audio accompaniment of the exhibition”).

The second factor, F2 – animation, combines five items, with factor loadings 
ranging from 0.32 (with the statement “costumed animators” to 0.87 (with the state-
ment “children’s animations”).

The third factor, F3 – complementary activity, combines three items, with factor 
loadings ranging from 0.44 (with the statement “demonstration of making replica 
souvenirs”) to 0.76 (with the statement “treasure hunt”).
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Table 28.7 Results of factor analysis

Selected factors and attributes
Factorial 
workload Eigenvalue

Variance 
explained Cronbach’s

F1 – modernization of the museum 
exhibition

9.829 44.678 0.875

Audio accompaniment of the 
exhibition (music in certain parts of 
the museum).

0.762

Video views (films) 0.660
Portable computers 0.629
Use of QR codes 0.546
Computer room-research center for 
visitors

0.430

F2 – animation 2.166 9.846 0.840
Children’s playgrounds 0.871
Thematic restaurant in accordance 
with the museum offer

0.793

Children’s workshops 0.733
Prize quizzes 0.711
Costumed animators, who bring 
historical events to life

0.323

F3 – complementary activity 1.245 5.659 0.774
The possibility of engaging in some 
traditional activity

0.715

Demonstrations of making replicas, 
souvenirs

0.447

“Treasure hunt” (a game in which, in 
each subsequent phase, the visitor 
chooses the next exhibit he should see)

0.761

F4 – information and shopping 1.230 5.590 0.751
Possibility of buying replica souvenirs 0.861
Free accompanying brochure/flyer 0.747
Panels with texts and photos about the 
exhibit

0.539

Possibility to buy books, CDs with a 
detailed description of the exhibitions

0.518

F5 – way of visiting the museum 1.091 4.957 0.784
Virtual tours 0.818
Audio tours/audio guides 0.777
Fixed (touch screen) computers next to 
the exhibits

0.668

Possibility of visiting the museum/
gallery accompanied by a guide

0.581

Possibility of visiting the museum/
gallery independently

0.391
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The fourth factor, F4 – information and shopping, combines four items, with fac-
tor loadings ranging from 0.1 (with the statement “possibility of buying books and 
CDs”) to 0.86 (with the statement “possibility of buying replicas and souvenirs”).

The fifth factor, F5 – the way of visiting museums, combines five items, with 
factor loadings ranging from 0.39 (with the statement “possibility of visiting inde-
pendently”) to 0.81 (with the statement “virtual tours”).

28.4  Conclusions

Museums are attractions that tourists like to visit in a destination. For this reason, 
museums should be oriented toward their visitors, both local residents and tourists. 
Through this research, it was learned that internal stakeholders in museums have a 
positive attitude toward tourism because they are aware that its development creates 
additional sources of income and that proper operations do not disturb the efforts for 
conservation and preservation of artifacts. When doing business, the needs of tour-
ists are taken into account, especially when it comes to the formation and provision 
of information about exhibits, promotion, and other activities. Although emphasis is 
placed on the basic function of the museum, which is the protection and preserva-
tion of cultural heritage, the employees believe that the interpretation of local his-
tory and culture and the education of tourists are of great importance.

If it turned out that museum employees are open to the development of tourism 
and presence in the tourist offer at the destination, the question arose as to why 
museums in Vojvodina record a low number of visitors. The answer should be 
sought in the possibilities for improving the museum offer. During the research, a 
factor analysis model was created to measure the possibilities for improving the 
museum offer, where 22 items were grouped into five factors: (1) modernization of 
the museum setting, (2) animation, (3) additional activities, (4) information and 
shopping, and (5) the way to visit the museum.

The modernization of the museum setting would be realized by the introduction 
of audio accompaniment for exhibitions, video displays, portable computers, and 
the use of QR codes and the creation of a computer room, that is, a research center 
for visitors. Animation would be realized through children’s playrooms, children’s 
workshops, prize quizzes, themed restaurants, and costumed animators. 
Supplementary activities represent the possibility of engaging in some traditional 
activities, a demonstration of making replicas and souvenirs, as well as the introduc-
tion of the “treasure hunt” game. The way to visit the museum should be performed 
through virtual tours, audio tours, a fixed “touch screen”, accompanied by a guide 
or independently. Information and shopping should provide the purchase of souve-
nirs or replicas, free accompanying flyers, panels with texts and photos, as well as 
the possibility of buying books or CDs.

28 Attitudes of Internal Stakeholders About Museums in Vojvodina and Their Offer…



430

The results of this work have theoretical and practical significance, because 
knowing the views of internal stakeholders, which are based on experience from 
practice, indicates that employees in museums are aware of the role of tourism in 
the work of museums and that they do not need additional education in that direc-
tion, but help in education how to write and apply projects and find financial and 
other resources for modernizing the museum offer. In the theoretical sense, a new 
model was created for measuring the possibilities for improving the museum offer, 
which can be the basis for some subsequent research.
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29Perception and Expectations 
of an Employability Fair as a Generator 
of Sustainable Wealth in the Tourism 
Sector

Óscar Silva, Catarina Lucas, and José Oliveira

29.1  Introduction

In economically developed countries, a remarkable trend of better pay for intellec-
tual and skilled workers has begun, meeting the expectations of knowledge-based 
companies and having characteristics such as initiative, creativity, problem-solving 
capacity, or flexibility (OECD, 1996). The “moment of truth” or the contact between 
tourism sector employees and consumers (Carlzon, 1987) will determine the extent 
to which the service fails, meets, or exceeds the expectations of tourists. These roles 
played by the workforce will determine the very survival of the tourism industry 
(Amoah & Baum, 1997). This concept is supported by Swarbrooke (1995) that, in 
the very nature of commercial tourist operations, human resources often make up 
the majority of the budget. As a result, the tourism industry faces more challenges 
than ever before in attracting skilled and motivated personnel than emerging sectors 
of the economy (Kelley-Patterson & George, 2001).

Thus career/employability fairs are, first of all, an attractive form and channel of 
marketing communication, as well as an experienced and tested way of stimulating 
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commercial exchange. For entrepreneurs, the fairs are also an important place for 
the acquisition of information about a specific trade or business (Gębarowski, 2010). 
Companies that attend career/employability fairs benefit from being able to connect 
with a large group of potential employees, recruit young talent, and reinforce aware-
ness of the company’s brand (Greening & Turban, 2000). Literature is abundant on 
definitions for fairs and exihibitions, that highlights the difference between both, 
stating that: “Fairs are market events of a specific duration, held at intervals, in 
which a large number of companies present the main range of products/services of 
one or more sectors of industry and sell it mainly based on samples” (UFI, 2011). 
The fairs predominantly attract visitors from commerce and companies, while 
“Exhibitions are market events of a specific duration, held at intervals, in which a 
large number of companies present a representative range of products/services from 
one or more sectors of the industry and sell it or provide information about it for 
sales promotion purposes” (UFI, 2011). Career/employability fairs are a way for 
companies to meet recruitment goals in an increasingly competitive context to 
attract the best talent (Silkes et al., 2010). Career/employability fairs also allow visi-
tors to learn about organizations and their recruitment needs (Brennan et al., 2004). 
This research aims to study the value of career fairs as a recruitment tool, as per-
ceived by their visitors.

A worker’s perception of any industry will undoubtedly be determined by his 
commitment, attitude, and perception of work in the industry, as well as by the 
employability available in the sector. It is argued that this is a situation particularly 
relevant for the tourism and hospitality sector, since the message disseminated by 
the media, and generally present in the imagination of potential recruits, has a nega-
tive image of working in the industry (Aksu & Köksal 2005; Brien, 2004; Getz, 
1994; Kusluvan & Kusluvan, 2000). Negative attitudes toward tourism work can 
result in the industry’s inability to capture and retain the most qualified tourism 
students.

This research presents preliminary results to respond to the research question: 
How employability fairs for professional and high education students (in terms of 
motivation, satisfaction, and recommendation to further editions) contribute to the 
interdimensional sustainability of employers as generators of economic/social and 
environmental wealth?

This research attempted to reveal and point out some changes, which visitors 
consider would strengthen the career fair/employability experience, as well as the 
commitment of tourism students to the industry, to assess the status/future commit-
ments of tourism jobs in the human resources planning/sustainability (HR) process 
for the tourism sector. This chapter is organized as follows: Section 29.1, is an 
introduction to the subject of tourism and fairs, in Sect. 29.2 and extensive literature 
is carried out on the theme under study. In Sect. 29.3, the methodology used and 
data collection is described. Section 29.4 presents and discusses the obtained results, 
and finally, Sect. 29.5 presents the major conclusions, contributions, limitations, 
and clues for future investigations.
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29.2  Literature Review

Traditionally, business organizations use career/employability fairs to recruit highly 
qualified candidates, thus reducing the time it takes to fill vacancies (Hansen, 2006). 
In turn, career/employability fairs allow visitors/students to learn about different 
business organizations present, evaluate their profiles according to the profile 
required by the organization (Silkes et al., 2010), and learn about careers and career 
paths within an industry, and also for those who did not know that they existed 
before the fair (Payne & Sumter, 2005). Visitors/students benefit from a large num-
ber of business organizations that meet in the same place and businesses benefit by 
accessing a large number of visitors/students during a visit (Payne & Sumter, 2005). 
Being so, this type of fairs are a form to invest in a career or possible employability, 
as it allows to find the “fittest” candidates is reasonable. Interacting with a recruiter 
at a career/employability fair is also a way for students to get to know the recruiter 
before the interview and hopefully make a more meaningful impression. Recruiters 
can be newly licensed human resources who can better relate to students, managers, 
and experienced human resources directors to whom new hires will report in the 
future (Harris et al., 2006). These recruiters typically work in human resources or 
operations (Silkes et al., 2010). Sending employees to career/employability fairs not 
only boosts workers’ morale but also transforms other employees into recruiters 
throughout the year (Hansen, 2006). Another advantage of career/employability 
fairs is the ability of employers to observe the competition, especially when attend-
ing industry-specific fairs.

Career fairs not only provide recruitment opportunities but also allow companies 
the opportunity to raise brand awareness (Hansen, 2006). This is an important 
opportunity because some visitors/students only know the company through the 
recruiter (Silkes et al., 2010). According to Silkes et al. (2010), the visitors/students 
who attended career/employability fairs had greater contact and knowledge of their 
chosen careers. Rynes and Cable (2003) have compiled research on the recruitment 
process and on several factors that make a company attractive to a candidate, such 
as their recruiter impression, the opportunity of the selection process, and the opin-
ion of personal friends or family.

Candidates are thus influenced by “(I) how kind, empathetic, caring, concerned 
by the recruiter’s knowledge of the company, (II) their positions, and (III) their can-
didates” (Silkes et al., 2010). In addition, the impressions that candidates have on 
recruiters affect how candidates approach the recruitment process, including their 
decision on job selection (Connerley & Rynes, 1997). Another very effective strat-
egy is to use graduated students, who like to give career advice and feel more com-
fortable talking to a young student compared to the recruiter (Taylor, 2009). Some 
companies have found that paying a subsidy to a former trainee to become a repre-
sentative of their business organization on their return to school is also an effective 
way to raise awareness of the company (Hansen, 2006). An alternative method com-
panies use is to inform former interns of when they will be at the fair, invite them to 
a casual meeting, and ask them to bring a friend with them as a way to reach more 
students (Taylor, 2009). In addition, business organizations have found that the 
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association between fairs and technology reinforces their recruitment strategies 
since fairs allow them to face time with potential quality candidates (Hansen, 2006). 
To better connect with Generation Y candidates, Sodexo recruiters use Twitter, 
Facebook, and the company’s career blog, as well as attending career fairs 
(Frauenheim, 2009).

In other approaches, it is understood that the individual perception of a service 
landscape creates internal responses in the form of reactions (cognitive, emotional, 
and physiological), which lead to different behaviors (Bitner, 1992). Still, Bitner 
(1990) states that a customer’s perception of the quality of the product/service 
affects their overview of the service company and its behavioral intentions. The 
approach behaviors occur when the client remains and enjoys the space during the 
encounter with the product/service and avoids behaviors when the client leaves and 
can feel feelings of disappointment. Approach behaviors can lead to affiliation or 
membership and commitment to a service company (Bitner, 1992). Still, and accord-
ing to the same author, “membership implies that the customer becomes a regular or 
loyal user, to revisit, who may become a brand supporter, and that encourages others 
to engage with the service company.” What a candidate thinks about the host/pro-
moter of the employability/career fair reflects that their representatives need to be 
carefully selected (Turban et  al., 1995), and the same care should be taken with 
recruiters attending a fair. The signaling theory provides a plausible explanation for 
the candidates’ employment decisions since experiences with recruiters can serve as 
important, but not observable, signs of organizational characteristics (Connerley & 
Rynes, 1997). For example, “respondents interpret the interpersonal effectiveness 
of recruiters (i.e., nonverbal cues, symbols, sympathy, organizational skills, and ver-
bal behavior) as signs of organizational effectiveness” (Wildes & Tepeci, 2004).

Previous studies have also shown that the amount of information provided to 
candidates positively affects the attractiveness of the company as a workplace 
(Turban et  al., 1995). According to Boyd and Boyd (2020) “consider space and 
configuration in a way that incentivizes natural conversation and interaction and 
removes barriers  – real and perceived  – should facilitate better engagement”. 
However, environmental conditions are background characteristics, which affect 
both customers and employees, temperature, lighting, aroma, ambient color, noise, 
music, etc., becoming more noticeable when they are extreme, when the customer 
spends a lot of time in the service landscape, or when these conditions conflict with 
their expectations (Bitner, 1990). Regarding the configuration of spatial layout and 
spatial functionality, it is the size and shape of furniture, equipment, machinery, and 
how all these items are positioned in space, and how these items facilitate “perfor-
mance and achievement of objectives” (Bitner, 1992). All these signs, symbols, and 
artifacts, direct or implicit, communicate information about a service landscape to 
their customers. Bitner notes that this dimension is especially important for first 
impressions. In the case of visitors/students present at these employability/career 
fairs, they may perceive the lack of information as a sign that the business organiza-
tion (host) does not “care” enough to provide them with accurate information.

Since research has shown that there is a strong relationship between the impres-
sions of candidates during the early stages of recruitment and final decisions, the 
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impressions recruiters make on candidates are of paramount importance (Connerley 
& Rynes, 1997). Job expectations are constantly changing and recruiters are the link 
between education and industry (Miranda, 1999).

A possibility for visitors/students to benefit from the relationship between 
recruiters and educators is that recruiters can advise on which courses and training 
students should take to better prepare for the area in which they specialize (Payne & 
Sumter, 2005). Educators, on the other hand, must monitor the changes in the sector 
to ensure that students are well prepared for future expectations and positions 
(Miranda, 1999). One of the ways to do this is through career fairs/employability 
and through relationships that are built between universities and recruiters. In addi-
tion, internship and job opportunities for students reinforce the recruiter-educator 
relationship. It often leads to other partnerships, such as research, as well as the 
increase in the profile of the school and the profile of the company in the minds of 
students (Chi & Gursoy, 2009). Other studies show that the results showed a gap 
between the perceived importance of the event among students and the performance 
of the event (Lee et al., 2019). Discussion of how to address this gap is included, so 
students can reap the full benefits of career fair. These opportunities lead to long- 
term relationships that will continue to optimize benefits for students in the future.

According to the studies developed by Boyd & Boyd (2020), “Careers fairs con-
tinue to play a significant role in facilitating the transition from university to gradu-
ate employment, but as part of a more involved process rather than providing the 
actual hiring moment itself.” For Milman & Whitney (2014) and Ferreira et  al. 
(2021), “the level of satisfaction with the career fair was attributed to current avail-
ability of jobs that appeal to them, willingness of employers’ representatives to take 
their printed resume, and sufficient industry representation of the segment that the 
students were interested to pursue their careers. Implications for college career fair 
event planners, students, and recruiters are discussed.”

29.3  Methodology

The methodology used for this research is qualitative, and this research is a case 
study, whereby questionnaires were applied. A case study should be performed 
when investigating contemporary events (Lopes et  al., 2018; Whitehead, 2003). 
Therefore, a case study is found to be the most suitable method for this research as 
it allows to gather interpretations through observations (Ferreira et al., 2021; Lopes 
et al., 2022).

29.3.1  Data Collection

This research presents preliminary results to respond to the research question, “How 
employability fairs for high education students contribute to the interdimensional 
sustainability of employers as generators of economic/social and environmental 
wealth?” To support this goal, a questionnaire was delivered to a sample of visitors 
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who visited the First Tourism Employability Fair that took place on April 6th in 
Porto in 2022 (after the COVID-19 pandemic). This data collection instrument is 
one of the most used methods among tourism researchers, being quite effective in 
the systematic collection of information from a large number of people (Altinay 
et al., 2015). The questionnaire survey was based on an author/study. The fair orga-
nizers had a mandatory script for the questionnaire that the authors had to follow. 
Given the interest in obtaining answers about satisfaction and recommendation of 
the event described, visitors were invited to answer a questionnaire about said satis-
faction after having spent some time at the fair and during the event.

The population under study consists of all visitors to the tourism employability 
fair, on which dimension we do have not sufficient information. A convenience non- 
random sampling was adopted including all visitors who accepted to participate in 
the study, with an exclusion criterion of age under 16. Of all the visitors to the First 
tourism employability fair, 106 respondents were selected. A face-to-face survey 
was conducted at the venue with 23 questions which enabled data related to reasons 
that brought participants to the event, satisfaction with the date and venue, accessi-
bility to the venue, opening and closing times, venue conditions, available places, 
registration, cleanliness, toilets, and event organization.

To assess the degree of satisfaction with the event, several items were answered 
on a 5-point Likert scale, ranging from 1  =  “Very Dissatisfied” to 5  =  “Very 
Satisfied.” Questions were also asked to investigate how the participants evaluated 
the association between this event and socio-cultural events, tourist visits, and 
entertainment activities.

To assess the association between this event and other types of events (socio- 
cultural, tourist visits, and entertainment activities), a 3-point response scale was 
used, ranging from 1 = “Very Unsatisfactory” to 3 = “Suitable.” The participants 
were asked the following questions: whether they would recommend the Tourism 
Employability Fair to their circle of friends (1 = “Yes”; 2 = “No”; 3 = “NA”); what 
would they suggest to improve this event; what other initiatives they would like the 
event to promote; and whether they would visit the fair if organized again (1 = “Yes”; 
2 = “No”; 0 = “NA”).

The following control variables were used: age, gender, qualification level, pro-
fession, and study interest area. Ethical approval was obtained from the event host-
ing institution. All participants were informed about the study and the anonymity of 
the research process.

29.3.2  Data Analysis

In terms of statistical software, Microsoft Excel, IBM SPSS Statistics, R version 
4.1.2 (2021-11-01), and JASP were used. Given some gaps in the characteristics of 
the sample (the absence of gender proportionality, the sampling technique, the lack 
of knowledge of the population size, and consequent non-calculation of the response 
rate, etc.), at this point, inferential statistics were not used, but only descriptive sta-
tistics of the different variables were used. In order to predict the characteristics of 
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possible future participants in the next edition of the event, proportions (%) of 
responses for the different groups (categories) of the control variables and some 
variables of interest were compared.

Although only preliminary results of a broader and comparative study of the 
sustainability of events within the scope of employability in the tourism sector are 
presented here, an attempt was also made to verify the existence/absence of a depen-
dency relationship between satisfaction and loyalty to the event by comparing 
proportions. 

29.4  Results and Discussion

In total, 81% of the surveyed individuals were female, aged between 17 and 62 years 
(26.45 ± 10.68). Although 13% of missing values were observed for the age vari-
able, approximately 49% of the respondents were aged between 20 and 22 years 
(inclusive).

It was noted that 56% of the individuals surveyed learned about the event at 
school/work, 12% through e-mail, 12% through the internet in general, and 4% 
through social media. The data obtained from the survey concerns essentially nomi-
nal and ordinal variables, whose descriptive statistics are presented in Table 29.1.

It is noteworthy that regarding the variables measuring the degree of satisfaction, 
a median and mode of 5 (“Very satisfied”) was observed for all variables (date, 

Table 29.1 Descriptive statistics of nominal and ordinal variables

Valid Missing Mode Median Minimum Maximum
Reasons to attend the event 102 4 1 – 1 5
Knowledge of the event 100 6 2 – 1 8
Event date 105 1 5 5 1 5
Venue 105 1 5 5 1 5
Accessibility 105 1 5 5 1 5
Schedules 105 1 5 5 1 5
Venue conditions 105 1 5 5 1 5
Vacancies 104 2 5 5 1 5
Registration 104 2 5 5 1 5
Cleanliness 105 1 5 5 1 5
Toilets 98 8 5 5 1 5
Organization 104 2 5 5 1 5
Recommend to friends 105 1 1 – 1 3
Association with sociocultural 
events

100 6 3 3 1 3

Association with tourist visits 100 6 3 3 1 3
Assoc. with entertainment 
activities

102 4 3 3 1 3

Intends to repeat 106 0 1 1 0 2
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venue, accessibility, schedules, venue conditions, vacancies, registration, cleanli-
ness, toilets, and organization), which reveals a high satisfaction of respondents 
regarding the event. It was observed that the majority of respondents are “Very satis-
fied” (items ranging between 54% and 90%).

Moreover, the degree of Overall Satisfaction (average) of the individuals with 
the event corroborates these results (4.588  ±  0.573). As can be observed in 
Table 29.2, an absence of answers for the categories 2 = “Dissatisfied” and 3 = 
“Neither very nor somewhat satisfied” concerning the degree of Overall Satisfaction 
was noted.

According to the results, it is observed that individuals with Elementary or 
Secondary Education (p = .010, Kruskal-Wallis test) and individuals who were very 
satisfied with this event (p = .028, Kruskal-Wallis test) intend to return for the next 
edition of the event. The latter result may lead the study to the formulation and test-
ing of the hypothesis that visitors’ loyalty and visitors’ satisfaction with the event 
are dependent variables.

The results presented in Fig. 29.1 also reveal a high level of satisfaction among 
respondents regarding various features of the venue and event organization.

The frequencies of answers of category 3 (“Neither very nor somewhat satis-
fied”) were divided into two categories: “neutral positive” and “neutral negative.”

Also, it was observed that around 68% of the individuals surveyed participated 
in the event in search of internship/work opportunities and around 22% went to the 
fair because it was suggested by teachers. It is known that 55 companies attended 
the event. It should be noted that no individual indicated that they would not recom-
mend the event to their circle of friends.

According to some characteristics of the sample (such as: lack of gender propor-
tionality, sampling technique, population size unknown and, consequently, absence 
of the response rate), inferential statistics were not used in the analyses, but only the 
proportions (%) of responses for the different groups (categories) were compared. 
In particular, the fact that a non-random convenience sampling was used, in a face- 
to- face survey at the venue of the event, may lead to a non-representative sample of 
the population and consequent bias in the results.

However, although only preliminary results of a broader and comparative study 
of the sustainability of events within the scope of employability in the tourism sec-
tor are presented here, an attempt was also made to verify the existence/absence of 
a dependency relationship between satisfaction and loyalty to the event by compar-
ing proportions.

The results reveal a high level of satisfaction among respondents regarding this 
first fair event. Since a large part of the individuals that have participated in the 
event were looking for an internship/work opportunity, we can estimate that there is 
a possibility to generate employment in the tourism sector, consequently generating 
sustainable wealth in the local economy.
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Table 29.2 Characterization of the public who intend to return in the next edition of the event

Variable Categories Code
Intends to repeat the event
Yes NA

Gender Male 1 16 (16.8%) 3 (37.5%)
Female 2 79 (83.2%) 5 (62.5%)

Age <21 1 25 (30.5%) 2 (28.6%)
[21; 23] 2 26 (31.7%) 2 (28.6%)
[23; 30] 3 10 (12.2%) 2 (28.6%)

≥30 4 21 (25.6%) 1 (14.3%)

School level* Elementary/Secondary 1 46 (50.0%) 0 (0.0%)
Bachelors/Degree 2 34 (37.0%) 7 (100.0%)
MSc/PhD 3 12 (13.0%) 0 (0.0%)

Reasons to attend the 
event (p = .334)

Internship/job opportunities 1 64 (69.6%) 5 (62.5%)
Teachers’ suggestions 2 18 (19.6%) 2 (25.0%)
Fun/socializing 3 2 (2.2%) 0 (0.0%)
Friends’ suggestions 4 4 (4.4%) 1 (12.5%)
Invitation offer 5 4 (4.4%) 0 (0.0%)

Knowledge of the 
event (p = .917)

E-mail 1 11 (12.4%) 1 (12.5%)
School/work 2 49 (55.1%) 4 (50.0%)
Internet 3 10 (11.2%) 2 (25.0%)
Word of mouth recommendation 4 6 (6.7%) 0 (0.0%)
Friends recommendation 5 9 (10.1%) 1 (12.5%)
Social networking 8 4 (4.5%) 0 (0.0%)

Recommend to 
friends (p = .898)

Yes 1 93 (98.0%) 7 (100.0%)
NA 3 2 (2.1%) 0 (0.0%)

Association with 
sociocultural events

Very inadequate 1 4 (4.5%) 2 (25.0%)
Neither adequate nor inadequate 2 25 (28.1%) 1 (12.5%)
Adequate 3 60 (67.4%) 5 (62.5%)

Association with 
tourist visits

Very inadequate 1 6 (6.7%) 2 (25.0%)
Neither adequate nor inadequate 2 27 (30.3%) 1 (12.5%)
Adequate 3 56 (62.9%) 5 (62.5%)

Association with 
entertainment activities

Very inadequate 1 10 (11.0%) 3 (37.5%)
Neither adequate nor inadequate 2 29 (31.9%) 1 (12.5%)
Adequate 3 52 (57.1%) 4 (50.0%)

Overall Satisfaction 
Scorea,*

Very unsatisfied 1 1 (1.1%) 1 (12.5%)
Satisfied 4 19 (20.2%) 0 (0.0%)
Very satisfied 5 74 (78.7%) 7 (87.5%)

* p < .05, ** p < .01, *** p < .001 
a The Overall Satisfaction Score was obtained as a unit-rounded average of the responses to all 
items regarding satisfaction with the event for different criteria
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Fig. 29.1 Satisfaction with the event according to diverse items

29.5  Conclusions

This chapter has contributed to understanding the expectations of employability 
fairs as generators of sustainable wealth in the tourism sector and contributed to the 
success of both students and recruiting organizations. After the COVID-19 pan-
demic, employability fairs are one of the options to gather possible candidates, 
mainly graduates from higher education in tourism. On the other hand, it serves to 
detect and attract possible talents (Silkes et al., 2010).

This type of event is also important to enlighten students mainly from higher 
education organizations for the tourism market, especially for recruitment and 
selection, and this is a significant accomplishment in diminishing graduate labor 
markets, further debilitated by the COVID-19 pandemic, especially among private 
sector companies (Jackson et al., 2022).

Furthermore, this research, based on the First Tourism Employability Fair, has 
contributed to knowledge in two ways: first, it has enlightened the literature by add-
ing new topics on tourism and the impact of fairs on employability. Secondly, due 
to the fact that a large part of the individuals who participated in the event were 
searching for an internship/work opportunity, we can estimate that there is a possi-
bility to generate employment in the tourism sector, consequently generating sus-
tainable wealth in the local economy.

As such, this may serve to advise companies and managers on how to take the 
most of employability fairs to capture new candidates just graduating mainly from 
high education (especially in the area of tourism) and detect possible new talents.
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29.5.1  Limitations

One of the main limitations of this research was the sample size, which was mainly 
due to the survey setup (respondents were approached inside the fair). Future stud-
ies have to be performed on respondents at the entrance and before they diverge into 
the fair.

29.5.2  Clues for Future Work

This research can be used as a base for future investigations about employability 
fairs on tourism, either in Portugal or in EU countries. Furthermore, longitudinal 
studies can be performed yearly to compare the evolution. Moreover, future research 
should use a stratified sampling technique with gender proportion that allows for 
obtaining a representative sample of the population. This technique has a lot of 
advantages, such as the data collected is more homogeneous within each subset than 
in the total population and it is possible to obtain separate estimates of the popula-
tion parameters for each stratum without choosing another sample, thus avoiding 
extra costs.
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30Rail Tourism – Emergencies 
and Possibilities on National Territory

Luísa Fernanda Ferreira Rodrigues

30.1  Introduction

Innovation and sustainability in tourism involve the creation of new ways of 
approaching the practices of using the resources available in the territory. Railroads, 
with their long history, are synonymous with technical and scientific evolution in 
the world of transport. Tourism is indelibly linked to transport because, in practice, 
they are the ones that enable the movement of people in space and the train has 
always played an important role in the way we have another perspective of the ter-
ritory, revolutionizing the way of seeing landscapes, economies and cultures and the 
idea of progress has marked lasting local communities that directly coexisted with 
the presence of railway infrastructures.

The appeal of this places lies in their significance for the local communities and 
in the safeguarding and use of the cultural, material and immaterial heritage related 
to them, being places of departure and arrival, places of good or bad memories, 
places of fiction and places that democratized the discovery of the world. In an 
attempt to better understand these relationships between the old infrastructures and 
the community where they are located, we will observe the stations that have been 
transformed into railway museum nuclei and that are dependent on the Museu 
Nacional Ferroviário.

We will try to get answers to some questions that arise for the Portuguese terri-
tory, reflecting on good practices, namely those found in England in the scope of the 
tourist use they make of these structures and what strategies they use, in a sustain-
able perspective, capturing the interest of local communities for this process, as 
integral parts.
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What we present is an embryonic approach embodied in an exploratory study 
that includes a brief survey of cases of sustainable use of the railroad heritage, the 
use of bibliography and other supports to scientifically sustain the investigation, and 
the execution of a semi-structured interview as a research method. The interview, 
conducted in a very simple way, serves the purposes of this approach, which we 
have established to be exploratory and in its initial phase.

The initial questions we asked were as follows: what degree of connection do the 
railway museum nuclei have with the territory and the surrounding community, and 
how do they make this relationship apparent to the tourists who seek the territory?

The criteria used to choose the railway nuclei dependent on the Museu Nacional 
Ferroviário are explained in the methodology. After making a brief presentation of 
each of the nuclei, we will present the result of the conversations that were estab-
lished by telephone with the interviewees, in order to clarify the starting question 
and presenting the conclusions about what object of research was.

30.2  Sustainability in Tourism

Talking about sustainable development implies mentioning its beginnings, namely 
in the Brundtland report produced in 1987, under the title “Our Common Future”, 
which considers sustainable development in its point 27 as: “the ability to make 
development sustainable to ensure that it meets the needs of the present without 
compromising the ability of future generations to meet their own needs” (United 
Nations, 1987). It is a challenge to establish a compromise between meeting the 
needs of the present and the availability of resources to respond to the needs of the 
future. Tourism sector must understand the current and future impacts on social, 
economic, and environmental contexts, harmonizing the needs of tourists, the envi-
ronment, and local communities.

Among other development factors, network organization and the establishment 
of partnerships that are closely linked to local cooperation involving all actors are 
important (Martins & Morais, 2016). Still, with regard to community involvement 
and networking, it is worth taking a look at what Kayat (2014) says, as cited in 
Heleno (2019), who identifies five dimensions in supporting sustainable develop-
ment: community involvement, empowerment and leadership; benefits to the com-
munity with the creation of infrastructure; collaboration and networking, 
highlighting the need for training of communities so that they can provide good 
service and collaborate in tourism activities; marketing and promotion; and conser-
vation of resources.

According to Mourão (2000), the realization of the environment and heritage 
enhancement, simultaneously with the promotion of tourism activity, requires a firm 
intervention of local authorities, because it is through them that the action programs 
framed by strategic planning applied to areas potentially suitable for the practice of 
sustainable tourism are encouraged. A quality tourism experience that respects envi-
ronmental and heritage resources, territory, and communities depends on the exis-
tence of adequate infrastructures. Making tourism sustainable has been envisaged 
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for decades, particularly through the Manila Declaration of 1980. The conceptual-
ization of sustainability refers us to the need to effectively manage the tourism 
resources available, having implicit economic development and, at the same time, 
respect for the environment and culture of each territory, two complementary and 
not incompatible formulas (UNWTO, 2018, p. 10).

The documents produced by the UNWTO dealing with sustainability and tour-
ism have reflected the problem of development and the effects on the territory and 
communities. Of particular importance is the Charter on Sustainable Tourism pro-
duced in 1995 as part of the World Conference on Sustainable Tourism, held in 
Lanzarote and with reference to the Rio Declaration on Environment and 
Development, the Agenda 21 recommendations, the Manila Declaration, the Hague 
Declaration, and the Charter on Tourism Law and the Tourist Code. These state that 
tourism development must be sustained under sustainability criteria, must be eco-
logically sustainable in the long term, must be economically viable, and must be 
equitable to local communities from an ethical and social perspective. Thus, man-
agement strategies and tourism projects should be developed together with local 
communities (UNWTO, 2018, p. 121).

The same principles are advocated in the 1996 Bali Declaration on Tourism, the 
2001 Osaka Millennium Declaration, the 2002 Quebec Declaration on Ecotourism, 
and the 2006 Tehran Declaration on Handicrafts, Tourism and Poverty Alleviation. 
More recently, the concerns formulated earlier continue to be discussed as demon-
strated in the Beijing Declaration on Sustainable Tourism as a driver of Development 
and Peace of 2016.

The reflections proposed by international documents point to the need to adapt 
tourism to its host territories without losing sight of respect for the components that 
are part of the equation: the population, the available resources, whether cultural or 
environmental, and the tourist (Pereira, 2005). Thus, it becomes absolutely funda-
mental that the communities living in tourism territories actively participate in the 
decision-making and management processes, which may positively affect their 
lives. As Viegas (2013, p.  52) points out, tourism plays an important role in the 
economy because it ensures an improved quality of life for the population, is part of 
the solution to economic problems, and is a factor of dynamization of the global 
economy and contributes to mitigate regional imbalances.

The approaches around sustainability lead us to reflect about the increasingly 
important modality of community-based tourism that attributes to the community 
the wider exercise of power with the assumption of a comprehensive management 
of resources. While enclosing some dangers, “this form of alternative tourism is 
based on the premise of resident community involvement and community participa-
tion in the planning and management of tourism activities” (Heleno, 2019, 
pp. 26–27). As we have already mentioned, convening the community to play a role 
in the management of its tourism resources is a huge challenge for framing tourism 
on a course of sustainability.
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30.2.1  Rail Tourism and the Role of Railway Stations

The railroad has a long history in England, that was lost in the early nineteenth 
century. It was synonymous with technical and scientific evolution and is one of the 
visible faces of the Industrial Revolution that began in the mid-eighteenth century 
and definitively transformed Europe and the world. In the distant year of 1825, the 
first public service for transporting people between Darlington and Stockton took 
place, using a steam locomotive.

The train arrived later in Portugal, as a result of Portugal’s hesitant industrializa-
tion. Only with Fontes Pereira de Melo did the railroad become a reality. Throughout 
the second half of the nineteenth century, several railway lines serving a vast terri-
tory were built. In 1856, the railway became a reality with the inaugural trip from 
Lisbon to Carregado which opened a new page in transport in Portugal (Pereira, 
2010, p. 27).

The railroad and the train became inseparable from the territory and the com-
munities that are part of it, and the idea of progress lastingly marked the local com-
munities that directly coexisted with the presence of railway infrastructures. In the 
Portuguese case, the discovery of the coastal landscape, the beaches, and the ther-
mal environments was particularly important. It is the decisive moment of the start 
of the tourism industry in Portugal (Abragão, 1956; Pinheiro, 2006 as cited in 
Pereira, 2010, p. 29), supported by the need to provide travelers with good condi-
tions, taking care to build “pleasant stations for tourists, (…) were the first contact 
that tourists had with the destination of the trip and in this sense the stations were 
embellished with tile panels, landscaping of the surrounding spaces and bold deco-
rations (…)” (Matos, et al., 2009, pp. 13–14 as cited in Pereira, 2010, p. 33). In 
addition to the importance of the rolling stock as a sign of technological evolution, 
stations have a very special status. They are part of the built heritage and have 
received great attention throughout the history of the railroad. The station, more 
than any other place, is a meeting place, a place of passage and emotion. As a result 
of the renewed interest generated by the use of the train, there is, within the com-
munities directly affected by the structures, an interest in safeguarding and dissemi-
nating their heritage.

England presents us with paradigmatic cases, arising from its long history related 
to railroads. Take, for example, the case of Community Rail Lancashire. In 2004, 
the British government announced the Community Rail Development Strategy, 
which proposed the existence of community organizations, developing inclusive, 
independent, and sustainable groups based on the key pillars for development: “pro-
viding a voice for the community; promoting sustainable, healthy and accessible 
travel; bringing communities together and supporting diversity and inclusion; and 
supporting social and economic development” (CRL – Community Rail Lancashire). 
This is an example of good practice in sustainability. According to the website, there 
are over sixty Community Rail Partnerships in the country and these partners are 
part of a federation that is overseen by the Community Rail Network.

In the case of Community Rail Lancashire, the activities developed show a very 
strong connection to the territory and the community, while promoting tourism 
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activities involving the seven railway lines that are part of this group. In the events 
they organize, the concern to encourage the economic and cultural development of 
the population is clear, promoting the sale of a huge selection of local products and 
handicrafts, from local producers, design products, fashion, organization of exhibi-
tions, gastronomic festivals, and organization of guided walks. Besides the events, 
they present some projects that are related to the community and to sustainability. 
This is the case of the projects “Make a Beeline Station,” “Discover Amazing 
Women by Rail,” and “Station Adoption – Friends of Stations.” The latter is particu-
larly interesting, and according to Community Rail Lancashire, Station Adoption 
brings considerable benefits to both the local community and the rail industry. The 
station becomes part of the community and is something that local people are proud 
of. Over time, there has been an increase in station usage, a reduction in vandalism, 
and an increase in external funding. Community adoption of the station adds value 
to what already exists and makes the station more attractive (CRL – Community 
Rail Lancashire, n.d.).

The focus of this chapter is the railway station for the reasons already mentioned. 
They are built heritage that is part of the identity of the places where they are located 
and are therefore subject to greater awareness to be safeguarded. They fit the clas-
sification of industrial heritage that is defined through the Nizhny Tagil Charter on 
Industrial Heritage (ICOMOS, 2003). This type of heritage despite its more resis-
tant appearance is very fragile from the point of view of its conservation. Following 
the line of thought of Choay (2010, p. 234), it seems legitimate to consider that the 
reuse of railroad stations converted into museums is an effective practice at the ser-
vice of the territory and the marks of its identity being an integral part of its sustain-
able development. Thus, many of the structures, given the urgency of their 
safeguarding, are reconverted and given different functions than the original ones. 
The case of the Musée d’Orsay in Paris, installed in the old Gare d’Orsay of 1900, 
is well known. The interest in stimulating industrial tourism that, in the case of rail-
roads, has been asserting itself since the 1970s with the transformation of spaces 
where cultural activities are privileged, generating tourism products (Kull, 1998, 
cited by Rosário, 2015, p. 20), ends up assisting the task of reactivating and safe-
guarding these places, promoting new ways of approach in the enjoyment of heri-
tage, and becoming identity reference points of the territory.

30.2.2  Railway Stations as Museums: The Railway Museum Nuclei 
in Portugal – Relationships and Roles

The conversion of a station into a museum poses very important problems due to the 
characteristics of the space and the collections. It has the advantage of having previ-
ously been a place of intense circulation of people and thus makes it easier to create 
identity and memory bonds. Museums are places of memory, and it is their goal to 
be mediators between the collections and the public. In this context, it is necessary 
to think very carefully whether the collections present in the museum fulfill this 
function. “In terms of the museums that have been created within Western tradition, 
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they have been criticized for being sterile, concerned only with the past and not the 
present, non-emotional and non-threatening, focused on things rather than people, 
unaware of death, spiritually unattuned and academically distant” (Kavanagh, 2000, 
p. 101).

The path taken by museums has been made in the sense of getting closer and 
closer to the public, and this approach is more effective when it comes to museums 
that shelter industrial collections. The construction of memory and identity is 
remarkable because local communities are called to participate and because objects 
are made to speak beyond their form and function, reminding Kavanagh (2000, 
p. 105): “To think about things we have to think about people, and to think about 
people we have to listen, ask and learn”.

Still regarding the visitors of museums and according to Edson and Dean (1996, 
pp. 176–177), museums make an effort to serve all publics, innovating in the way 
they design exhibitions in order to integrate everyone and providing unique experi-
ences in a space where they have fun and enjoyable moments of leisure and where 
they feel comfortable. In fact, museums have been characterized by providing 
increasingly informal experiences in the way how the public approaches the museum 
space, the exhibition, and leisure activities.

The relationship between sustainability and museums has been a widely dis-
cussed theme and is reflected in the new concept of museums that was approved at 
the General Conference of ICOM, which took place on August 24 in Prague in the 
Czech Republic. Another aspect included in this new conceptualization is the 
importance of community participation. It is important to take a look at this new 
approach, which is in line with the study presented here. Changes have taken place 
in the role of museums that translate into the following: “a museum is a permanent, 
non-profit institution, at the service of society, which researches, collects, preserves, 
interprets and exhibits the tangible and intangible heritage. Open to the public, 
accessible and inclusive, museums promote diversity and sustainability. They act 
and communicate ethically, professionally and with the participation of communi-
ties, offering varied experiences of education, fruition, reflection and exchange of 
knowledge.” (Cultura Portugal, 2022).

The National Railway Museum Foundation (FMNF) was established (Decreto-
Lei, 38/2005 of 17 February) with a mission to study; to enhance and promote the 
historical, cultural, and technological Portuguese railway heritage, and an objective 
to install and manage the National Railway Museum in Entroncamento and promote 
and manage several museological centers in partnership with the municipalities 
Fundação do Museu Nacional Ferroviário (FMNF). Mayor Jorge Faria, quoted by 
Rosário (2015) in his inaugural speech, reminds that it is “the realization of a col-
lective dream of a community that developed around the railroad.” One of the 
Foundation’s intentions was to create the Network of Railway Museums that “will 
be an organized system of museums that aims to strengthen the qualification and 
cooperation by promoting the enhancement of each of these railway museums (…)” 
Fundação Museu Nacional Ferroviário (n.d.).1

1 https://www.fmnf.pt/pt/o-museu/rede-nacional-de-museus-ferroviarios/
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There are seven railway museum nuclei: the Núcleo Museológico de Arco de 
Baúlhe; the Núcleo Museológico de Bragança; the Núcleo Museológico de Chaves; 
the Núcleo Museológico de Lousado; the Núcleo Museológico de Macinhata do 
Vouga; the Núcleo Museológico de Lagos; and Núcleo Museológico de Valença. 
The last two centers are closed and therefore were not included in the study.

Núcleo Museológico de Arco de Baúlhe (NMAB) This is located in the munici-
pality of Cabeceiras de Basto. It was part of the old Tâmega line deactivated in 
1990. The station was the end of the line. With emphasis on its 1940s tile panels, 
this nucleus includes the station building and the loading and unloading dock that is 
occupied with temporary exhibitions. The museum houses an important collection 
of carriages, locomotives, saloons, and objects that are part of the history and mem-
ory of the line, both with regard to the rolling stock, namely the vehicles in which 
King D. Carlos and Queen D. Amélia traveled in 1907, and the objects related to 
work and that have a great symbolic charge (Fundação Museu Nacional Ferroviário, 
n.d.).2 The Arco de Baúlhe Station is also part of the Ecopista whose central station 
is Celorico de Basto, and that was built in the space previously occupied by the 
railway track with pedestrian or bicycle circulation (Turismo Porto e Norte de 
Portugal n.d., 2016, p. 34).3 Since 2004, it is the headquarters of the Museu das 
Terras de Basto, also including the Núcleo de Arte Sagrada (Benedictine Monastery 
of Refojos), the Casa da Lã (village of Bucos), and the Casa do Pão (Abadim), thus 
promoting a cultural visit circuit (Município de Cabeceiras de Basto, n.d.).

Núcleo Museológico de Bragança (NMB) This is located in the center of the city 
in the old station. It was the terminal station of the Tua line. With the closure of the 
section between Mirandela and Bragança to rail traffic in 1996, the station passes to 
the jurisdiction of the Municipality of Bragança (Noé, 2011). According to the 
FMNF, the nucleus was closed from 2002 until 2019. The museum aims to tell the 
story of the construction and operation of the Tua line “paying tribute, very particu-
larly, to the identity and memory of the community, whose experience would for-
ever be linked to the railway.”4 The station also benefits from the activation of an 
ecopista called the Mãe de Água ecopista, which is based on the old railroad channel 
of the Tua Line.

Núcleo Museológico de Chaves (NMC) This occupies the old building used to 
park the rolling stock of the Chaves Station, which was the terminal station of the 
old Corgo line. Its collection tells the story of its history from 1921 to 1990, the year 
of its extinction (Fundação Museu Nacional Ferroviário, n.d.).5 The nucleus is inte-

2 https://www.fmnf.pt/pt/visita/planear-visita/nucleo-museologico-de-arco-de-baulhe
3 http://www.portoenorte.pt/pt/o-que-fazer/ecopista-do-tamega/
4 https://www.fmnf.pt/pt/visita/planear-visita/nucleo-museologico-de-braganca
5 https://www.fmnf.pt/pt/visita/planear-visita/nucleo-museologico-de-chaves
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grated in the Municipal Museums Network – Museu da Região Flaviense. In recent 
times, the municipality recovered and modified the surroundings. In the station 
building, the sociocultural department started working and the goods dock became 
an exhibition gallery. The Núcleo Museológico de Chaves occupies the old station 
coach-house (Câmara Municipal de Chaves, n.d.).

Núcleo Museológico de Lousado (NML) It is located in Vila Nova de Famalicão 
and in this case does not occupy the station as it is still active, but is next to it, in the 
former workshop complex of the Guimarães Railway Company. The permanent 
exhibition consists of rolling stock belonging to eight companies that operated on 
narrow-gauge lines, objects, and various equipment. The preserved workshop com-
ponent is functional (Fundação Museu Nacional Ferroviário, n.d.).6 This project is 
the heir of the old Secção Museológica, opened to the public in 1979, through the 
initiative of Armando Ginestal Machado. The Núcleo Museológico de Lousado 
integrates the route called “Famalicão Turismo Industrial”.7

Núcleo Museológico de Macinhata do Vouga (NMMV) This is located in the 
Municipality of Águeda and occupies the old coach-house of the Macinhata do 
Vouga Station, which is part of the Vouga Line, the only narrow-gauge railway oper-
ating in Portugal. The permanent exhibition tells us the history of this track that 
until 1990 connected the towns of Viseu and Espinho, including the Aveiro branch 
line. In this exhibition there are a several objects and vehicles of national manufac-
ture built between 1940 and 1947 and that makes remain the railway identity of the 
territory (Fundação Museu Nacional Ferroviário, n.d.).8 One of the activities that 
does not happen with the other museum nuclei is the circulation of the Historical 
Vouga Train between Aveiro and the Macinhata do Vouga station.

30.3  Methodology

This is an exploratory study focused on the relationship between the railway 
museum nuclei and community belonging to their territory and on how this relation-
ship may be perceived by tourists. Thus, in order to answer these questions, we used 
the information collected from both the literature and media, and developed a semi- 
structured interview.

In order to ensure rigor regarding methodology, the study was developed taking 
into account the following criteria: formulation of starting questions, bibliographic 
and online documentation research, data collection through the mentioned instru-
ment, and data analysis.

6 https://www.fmnf.pt/pt/visita/planear-visita/nucleo-museologico-de-lousado
7 https://www.cm-vnfamalicao.pt/museu-ferroviario
8 https://www.fmnf.pt/pt/visita/planear-visita/nucleo-museologico-de-macinhata-do-vouga
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It would be unaffordable to address, in a study like this, the totality of the infra-
structures and, therefore, we used the microstructures that constitute the railway 
museum nuclei in operation that depend on the FNMF as the only criterion. We did 
not include the National Railway Museum in this approach, not denying, however, 
its importance, but the reason is that a uniformity of analysis is necessary, since it is 
located in the station facilities in Entroncamento, receives a large daily flow of trav-
elers and visitors, and has a structure whose size does not match with any of the 
museum nuclei already described.

The methodology of this study was a semi-structured interview made by tele-
phone to the people in charge of each nucleus. The interviews were conducted 
throughout the months of July and August 2022. Two of the interviewees preferred 
to respond in written form to the script guide, and the interview was both sent and 
received by e-mail. This qualitative approach seemed to be the most appropriate 
methodology for this type of exploratory study.

The list of topics considered relevant in this interview followed a defined order 
and included previously prepared questions. The interviewee is free to answer the 
questions as he or she wishes and the order of the topics can be changed. The kind 
of information extracted from the established conversations are not possible to 
obtain through the questionnaire, allowing the development and clarification of the 
questions asked by the interviewer (Jennings, 2001, cited by Heleno 2019, p. 96).

The interview script includes the following questions, which are in line with the 
initial questions:

 – How many tourists does the museum nucleus receive annually?
 – What relationship does it have with the community: does it promote cultural 

activities that involve the inhabitants or cultural or economic associations, the 
business sector or local artisans? Are there partnerships with these entities to 
make the nucleus more dynamic?

 – Do you promote the cultural dissemination of the community’s material and 
immaterial heritage?

 – What activities do you promote for the local population in different age groups?
 – Do you sell or publicize products produced by the community on the museum 

facilities?
 – What activities do you promote, especially for tourists visiting the nucleus?
 – Do you include old railroad workers and ex-employees, collaborating in guided 

tours, disclosing their memories to the public?

The interviewee in a fluid conversation answered freely and shared information 
that was not part of the script.

30.4  Results

In a total of seven museum nuclei that are part of the network created by the 
Fundação Museu Nacional Ferroviário, two of them are closed (N. M. de Lagos and 
N. M. de Valença), and the person in charge of the N.M.C. asked for the interview 
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script to be sent by e-mail, but did not respond in time. Thus, we successfully 
obtained answers from four entities (N.M.A.B.,9 N.M.B.,10 N.M.L.,11 and 
N.M.M.V.12).

Regarding the first question, the four interviewees reported that during the 
COVID-19 pandemic, there was a significant decrease in the number of visitors, and 
only this year, although incomplete, they are beginning to have an increase in num-
bers. They found that there are more national visitors than foreign visitors. The 
reference year is 2019. Regarding the N.M.A.B., they had a total of 9312 visitors in 
2019, of whom 667 were foreign visitors, 1840 was school public, and the rest were 
national visitors; in the case of the N.M.B., in 2019 (they started operating from 
May of that year), they recorded a total of 4920 visitors, of whom 4214 were 
Portuguese and 706 foreigners. The N.M.L. reported that the total number of visi-
tors in 2019 was 11,850, of which 412 were foreigners. The N.M.M.V. presented the 
following data: in 2019 they had a total of 8422 visitors, of whom 1522 were 
foreigners.

When asked about the kind of relationship the nucleus has with the community – 
whether it promotes cultural activities that involve the inhabitants or cultural or 
economic associations involving the business sector or local artisans and whether 
there are partnerships with these entities for the promotion of the nucleus – the per-
son in charge of the N.M.A.B. told us that because the nucleus is the headquarters 
of the Museu das Terras de Basto, a cultural relationship is automatically created 
between the railway museum and the other cultural spaces in the municipality. 
However, she did not mention links to cultural associations. Regarding the relation-
ship with enterprises, this does not occur, but with local artisans, it is effective in the 
organization of temporary exhibitions that take place in the station space. The per-
son responsible for the N.M.B. answered us that these relationships are not estab-
lished and there are no partnerships with companies and associations; however, he 
says it is an intention in the near future. Concerning the N.M.L., it is not a promoter/
organizer, but participates and integrates all local and municipal initiatives such as 
the Local Exhibition of Lousado, and the practice of ferromodelling of the Módulos 
de Comboios do Norte collective that meets regularly at the museum. This nucleus 
also has no partnerships with local companies and associations. The response of the 
person in charge of the N.M.M.V. shows a great connection with local associations 
and producers and claims that this relationship has been consolidated since 2017 
with the signing of the protocol with the Vouga Historic Train. Thus, the museum 
promotes guided and staged tours with the local associations at the weekend, when 
the trip in the historic train takes place, and mentioned the various associations that 
collaborate with the nucleus: “Associação Os Descarrilados”, “Amar - Associação 
Macinhatense de Assistência Recreio e Cultura de Macinhata do Vouga”, “Grupo 
Folclórico e Etnográfico de Macinhata do Vouga”, “Clube Macinhatense”, “Atlética 

9 The interviewee was Dra. Fátima Magalhães.
10 The interviewee was Dr. Filipe Pires.
11 The interviewee was Dr. Pedro Costa.
12 The interviewee was Da. Manuela Almeida.
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Macinhatense”, “Tema-Teatro Espontâneo de Macinhata do Vouga”, “Associação 
Desportiva e Cultural de Jafafe”. These associations will animate the trip to the 
museum and in the museum itself.

Regarding the question, do they promote the cultural dissemination of the tan-
gible and intangible heritage of the community, the person responsible for the 
N.M.A.B. said that in addition to the permanent exhibition of the railway nucleus, 
temporary exhibitions are promoted that change themes every 2 years and are based 
on local history in order to preserve the traditions and history, as it was the case of 
the exhibitions they had as the theme: the linen in Cabeceiras de Basto with the col-
laboration of a weaver; the art of clogging with the collaboration of a clog maker; or 
the exhibition inaugurated in January 2022 and that will be open until May 2023, on 
the theme “A festa das Papas de S. Sebastião em Gondiães e Samão”.13 About this 
event, Fátima Magalhães explained that the tradition of the festa das papas rein-
forces the idea that these initiatives are promoted to establish this connection to the 
community. Filipe Pires from N.M.B. says that, for the reasons mentioned above, 
this disclosure is not yet a reality, but one of the intentions is to survey and register 
real testimonies around the railroad in the near future while there are still people 
alive who can do it. Pedro Costa of the N.M.L. says that they promote dissemination 
through programming and promotion of exhibitions, activities, and routes. The in- 
charge for the N.M.M.V. declared the importance of the animation activities, both 
in the museological space and in the historical train that show the cultural traditions 
of the territory. They also promote the collection of testimonies related to the intan-
gible heritage.

In response to the question, what activities they promote for the local population 
in different age groups, all mentioned that they have activities aimed at the school 
public, at different levels of education, and senior citizens. Filipe Pires mentioned 
some activities such as, the recycling workshop, the board games; the sports vaca-
tions with the permanence in the museum for a day and the realization of a cahoot 
adapted to each age group. The N.M.L.’s educational service offers guided tours, 
visit-workshops, pied paper, workshops, and the municipal educational program 
“Viagens pelo Património.”

Regarding the question, do they sell or promote products produced by the com-
munity on the installations of the museum nucleus, the person in charge of the 
N.M.A.B. said that they do not sell any products, but that tourists could find objects 
and handicraft products at the tourist office. In the case of the Bragança and Lousado 
nuclei, they do not sell local products, and at the N.M.M.V., Manuela Almeida told 
us that outside the museum, on weekends and taking advantage of the historic train 
ride, local craftsmen and farmers sell their products in a small fair.

To the question, which activities are promoted, especially aimed at tourists, 
Fátima Magalhães referred to the visits of the permanent and temporary exhibitions, 
to the experience of traveling in the self-propelled train that leaves the installations 
on the International Day of Museums and that makes a short trip back to its 

13 The website of Município de Cabeceiras de Basto can be checked about this exhibition: https://
cabeceirasdebasto.pt/index.php?oid=29297&op=all
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exhibition space, and to the activities that are related to the eco track. Filipe Pires 
from N.M.B. says that they are, above all, guided tours to the museum, the same 
happening with the N.M.L. Pedro Costa, refers, however, that the visits are made in 
English and the nucleus belongs to national and international routes directed to 
tourists, such as the “Famalicão Turismo Industrial” and the “ERIH -European 
Route of Industrial Heritage.” Manuela Almeida mentions the animation activities 
in the context of the Vouga Historical Train trip and the staged visits to the museum, 
as well as the normal visits without this kind of animation.

Regarding the question: do they include old railroad workers and ex-employees 
collaborating in the guided tours, reveal their memories to the public, all were unan-
imous in considering this inclusion very difficult due to the disappearance and 
advanced age of the old workers. A negative answer came from those responsible 
for the N.M.A.B. and N.M.B. The N.M.L. integrates a current CP – Combóios de 
Portugal employee responsible for the inventory and conservation of the collection. 
Manuela Almeida, on the other hand, tells us that they include old employees in the 
visits and animation and revealed that a meeting of retired railwaymen takes place 
in Macinhata do Vouga to share ideas and information about the activity.

30.5  Discussion

Analyzing the answers given by the interviewees to the formulated questions, we 
noticed some discrepancies in the results of every museum nuclei and a non- 
uniformity in approach, despite being all under the purview of the FMNF, which are 
due to the following reasons: (a) the nature of their geographical location, (b) the 
fact that two of the nuclei are built in deactivated line stations and the remaining two 
use station spaces with railroad circulation; (c) the way COVID-19 pandemic 
affected the structures; (d) the diverse way in which community participation is 
viewed in the activities of the museum nuclei; and (e) the capacity for community 
mobilization.

Observing the previous premise does not mean that we are facing something 
negative. On the contrary, it is in the different approaches and the possibility of 
comparing them that their richness lies, since it implies an attitude of sharing expe-
riences and the consequent improvement of procedures.

If we recover the initial question of this paper: what degree of connection do the 
railway museum nuclei have with the territory and the surrounding community, and 
how do they make this relationship perceived by the tourists who visit the territory? 
we realize through the answers given that not all nuclei have the same degree of 
community involvement, in the case of the N.M.B. this degree is low and at the 
other extreme is the N.M.M.V. with a good degree of involvement and motivation of 
the community in the museum activities. We believe that the involvement of com-
munities can be a powerful element of attraction for national and international tour-
ists to visit the places, encouraging the desire to know the culture of the local 
inhabitants and, therefore, alert for the preservation of their culture.

L. F. F. Rodrigues
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However, we needed to collect more extensive data to understand if the offers of 
community-related activities promoted by the nuclei for tourists, namely foreign 
tourists, are reflected in the number of visitors. The little involvement of local busi-
nesses and craft producers with the museum structure, except for the N.M.M.V., 
was evident and could also play an important role in attractiveness.

The data collected by the interview showed that all nuclei experienced a marked 
loss of visitors/tourists in the restriction period due to the pandemic, but year 2022 
proved to be a year of recovery. From the data for 2019, and the pandemic years, it 
was also found that domestic tourists are unequivocally in greater numbers. We may 
think that the fact that N.M.L. is integrated in a railway station that is still active 
favors the visit of a higher number of national visitors compared to the other nuclei. 
It was also possible to deduct that in the case of the N.M.M.V. a larger number of 
foreign visitors compared to the other nuclei may be due to the circulation of the 
Vouga Historical Train, whose activity took place on weekends between July and 
September, as it happens this year. We may consider that the complement of the 
diversified offers, besides the museum visit, is a strong attraction motivating the 
tourist to consume the experience, which is also the case in the N.M.A.B. that offers 
thematic temporary exhibitions, that is the seat of a polynucleated museum and that 
benefits from an eco track. For the circumstances that have been mentioned, the 
N.M.B. is developing an offer of activities that involve the community and that are 
attractive to tourists.

We can see that the people in charge of any of the nuclei interviewed affirm the 
importance and the interest in relating to the local community, and N.M.A.B. and 
N.M.M.V. have demonstrated, in practice, this intention with the various actions 
carried out. This is also the case with the actions of the N.M.L. that participates and 
integrates local initiatives.

The promotion of local heritage, beyond the exhibition of railway collection is 
also a reality, especially in the organization of temporary exhibitions, calling vil-
lages, artisans, and local traditions, as is the case of the N.M.A.B. and the promotion 
of cultural and tourist animation by the N.M.V. or the N.M.L. All of them have 
guided tours and an educational service aimed at schools. Only in the N.M.M.V. is 
there a more active presence of animation with historical recreation, making use of 
a large number of local cultural and recreational associations, which becomes a very 
valuable instrument of integration of the local community in the museum’s recre-
ational activities, promoting the dissemination of local heritage and culture.

The promotion of local economic activities, especially agricultural production 
and handicrafts with the sale of products made by artisans, is only effective in the 
N.M.M.V., particularly when there are trips in the historic train. One of the most 
interesting activities in the context under analysis would be the integration of old 
employees in the dynamics of the museum, collecting information through oral tes-
timonies of these people, working on a voluntary basis (or not) in the dissemination 
of the collection, participating actively in guided tours of the museum space. The 
people in charge of both the N.M.B. and the N.M.A.B. say that it is a difficult task, 
because many years have passed since the deactivation of the lines and, therefore, 
these people are either very old or have passed away. Both in the case of N.M.L. and 
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N.M.M.V., this integration is possible and is done, because the line is still active and 
therefore the old employees play an important role here, employing a CP worker in 
the first one and even promoting meetings of old railwaymen and active participa-
tion of others in the second one.

Concerning the initial global theme of this chapter, sustainability, and reflecting 
the most recent conceptualization around the museum, through all that has been 
exposed, we recognize that through the results of the interviews the museum centres 
under study, there is a real awareness and interest in including communities in the 
museum and, even not yet doing so continuously, have the intention to promote this 
relationship in the future. This dynamic is a very important step for the preservation 
of heritage, culture, and identity of the territories in a logic of sustainability, bring-
ing us closer to international practices such as those mentioned above.

30.6  Conclusion

Recognizing that the train and the railroad are the areas that had and still have the 
greatest impact on the territories, be they inland or coastal, this exploratory study 
allowed us to take a first look at the relationship that some museum spaces dedicated 
to the railroad have with the community and what impacts they have on tourists.

Thus, we can conclude that the museum nuclei that are more interconnected with 
the community are the most visited; the existence of a parallel offer to the visit of 
the museum collection makes them more demanded; the nuclei that belong to active 
lines are more visited; the pandemic years may serve as a platform to rethink the 
offer with an even closer relationship with the communities; the museological nuclei 
are an added value in the dynamization of the territory and the defense of the local 
tangible and intangible heritage; the nuclei that are implanted in deactivated lines 
will have to promote a wider dissemination of their activities, using for example 
differentiated marketing strategies; the deactivated stations and other structures are 
an important landmark of memory of the territory and its populations; there are dif-
ferent degrees of connection between the museum nuclei and the communities, at 
different rhythms; the investment of the local government in the management of 
these spaces and their activities, which in this case is done in co-management with 
the Fundação Museu Nacional Ferroviário, is fundamental; and most of the observed 
museum nuclei have invested efforts to make sustainability a reality with the partici-
pative inclusion of local communities, which is in line with the objectives of the 
Plan Turismo + Sustentável – 20 23 (2021).

However, and as we have pointed out, this study is embryonic and, by its nature, 
presents limitations. We wanted to raise the problem and begin to lead the way to 
deeper research and studies in an area that is currently attracting the attention of 
various sectors, including tourism. It constitutes a starting point whose intention is 
to contribute to understanding the role of museums with these characteristics within 
the scope of sustainability.

We are aware that at this moment the study needs a broad perspective, inclusion 
of more museums as the object of study, a larger number of data, a deeper look at 

L. F. F. Rodrigues



461

the scientific research that has been produced on the subject, and collection of a 
larger number of case studies to support an investigation like this.

Thus, based on what we have observed throughout the research, this theme has a 
great potential for future opportunities to produce scientific research in its most 
diverse aspects: heritage, museology, tourism, community intervention, leisure, 
events, transportation, and sustainability, besides many others that can be added.

We hope that, with this exploratory approach, we tried to answer the questions 
we asked and, through this particular case of tourism experience, contributed to 
show how, locally, sustainability solutions are sought in the area of tourism.
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31Sustainability and Corporate Social 
Responsibility in the Portuguese 
Tourism Context: A Preliminary Study

Beatriz Rosendo, Bruno Sousa, and José Duarte Santos

31.1  Introduction

Tourism is an area that has developed over the years, and as a result, there arises a 
need to create strategies for organization, creation, innovation, dissemination, 
among others, to increase the productivity and quality of products and services pro-
vided. All services and products are different, and this implies a deeper knowledge 
about the needs, desires, and motivations of consumers. These factors can vary since 
different personalities and tastes exist. In addition to tourism development, there has 
also been growing concern about society’s problems and the solutions that can be 
implemented to combat verified problems. With companies’ growing concern for 
sustainability and social responsibility, forums dedicated to the promotion of ethical 
practices and models, studies on the subject, the introduction of disciplines in vari-
ous courses have emerged around the world, which naturally led to the development 
of the area of business ethics (Santos et al., 2022). Thus, issues of social responsibil-
ity arise in the face of numerous problems, such as disability and employment, well-
being and comfort of employees in the company, various ethnicities, acceptance of 
the LGBTI community, support for people with financial difficulties, support for 
victims of domestic violence or dating, support for people with health problems, 
combating hatred and discrimination, among others. According to UNWTO (2022), 
the concept of ethics and responsibility is linked to the concept of culture, because 
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it is important to understand that companies and tourist establishments must create 
activities in the context of social inclusion, sustainability, and the preservation of 
culture and heritage. One of the objectives of creating responsibility policies is to 
promote ethical behavior and good practice, both on the supply side and on the 
demand side. Then, we feel the need to renew strategies and to create and innovate 
something that works on these important issues.

Then emerges the purpose of this study – to understand which strategies and 
solutions can be implemented in the field of tourism and to prevent disadvantageous 
situations and improve existing systems. Thus, this chapter first frames the concept 
of sustainability in tourism and second presents some considerations about the con-
cept of corporate social responsibility (CSR) and four aspects that are assuming 
prominence in the tourism industry and contributing to the solidification of the 
CSR: disability employment in tourism, LGBTI and social responsibility, pet- 
friendly tourism, and eco-friendly hotels. Finally, some concluding remarks 
are made.

31.2  Sustainability in Tourism

According to the Tourism + Sustainable Plan 20–23, the sustainability of a territory 
involves the responsible use of environmental resources, respect for local culture, 
viable economic activities over time, information made available to stakeholders 
important to the company concerned, constant control of the impact of the strategies 
implemented, the quality of products/services, and demand-side satisfaction. The 
countries of Europe have already become aware of the major problem of climate 
change and the environmental degradation that has grown over the years. To combat 
these changes, those responsible for tourist destinations presented, in 2019, the 
European Ecological Pact that aims to create and implement strategies that make a 
proper use of all existing resources (Turismo de Portugal, 2021). In 2015, the United 
Nations launched an agenda on sustainable development aimed at reducing poverty, 
providing a better quality of life for all people, and protecting the planet. This 
agenda has 17 objectives adopted by all Member States: No Poverty; Zero Hunger; 
Good Health and Well-Being; Quality Education; Gender Equality; Clean Water 
and Sanitation; Affordable and Clean Energy; Decent Work and Economic Growth; 
Industry, Innovation and Infrastructure; Reduced Inequalities; Sustainable Cities 
and Communities; Responsible Consumption and Production; Climate Action; Life 
Below Water; Life on Earth; Peace, Justice and Strong Institutions; and, finally, 
Partnerships (UNWTO, 2022).

The world is facing a situation that has altered the entire tourism system and 
negatively affected the economy of all countries (Lubowiecki-Vikuk et al., 2021). 
This issue has caused many people and businesses to be living on the edge and with 
many difficulties. Although there is a need to recover the economy, tourism will not 
leave aside environmental and social recovery, and for this, it is necessary to develop 
and implement sustainable strategies. This sustainable recovery will allow the tour-
ism sector to resume its entire activity with greater economic, social, and environ-
mental security. Turismo de Portugal recently joined the Global Sustainable Tourism 
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Council and the Portuguese Pact for Plastics, which represents the responsibility of 
the country to intervene in improving the sustainability of the world.

According to Eger et al. (2022), sustainable development considers the needs of 
the present and creates strategies without compromising the future. This concern 
with sustainability emerged in 1980 and has evolved over time, with this concept 
appearing in the policies of each company, so that they develop activities that meet 
the preservation of the environment and the community in which the company is 
part. With this, sustainable objectives are constantly developed that companies 
intend to achieve. It is also important to evaluate the behaviors and feedback that the 
supply side has in relation to the sustainability policies implemented by tourist des-
tinations. For this is the only way to improve and implement these measures.

31.3  Corporate Social Responsibility (CSR)

The term corporate social responsibility has been used for more than 50 years, but what 
is the responsibility of businesses and organizations is still unclear (Sousa & Soares, 
2021). It should be noted that there are various synonyms for the term “corporate citi-
zenship,” “ethical business,” “corporate ethics,” and others. Scientists and researchers 
are still attempting to define social responsibility. Socially responsible marketing is a 
concept that emerged in 1971 after Kotler and Zalltman (1971) presented an ideology to 
be implemented by companies. According to these authors, each responsible person 
must study and understand the thoughts and desires of consumers to be able to offer 
them the best product, from a social responsibility perspective: “(…) the design, imple-
mentation and control of programs, calculating the influence and acceptance of social 
ideas, involving these considerations in the planning, price, communication, distribution 
and marketing research of the product” (Kotler & Zalitman, 1971, p. 5). When develop-
ing a product or service, companies should consider and analyze society’s problems or 
ideas to subsequently include them in the strategic planning of the product or service 
offered. That is, the marketing managers of each company should consider the society 
in which the company operates and act in such a way as to include society’s social 
responsibility standards in the offer made to their customers (Ribeiro, 2013). Therefore, 
cause-related marketing (CRM) has become one of the main initiatives in corporate 
social responsibility (CSR) (Sousa & Soares, 2021). CRM has proliferated as a market-
ing strategy, is being employed by numerous brands across several product categories 
(Galan-Ladero & Galera- Casquet, 2018), and has experienced substantial growth over 
the last decades, and its utilization has spread into various areas of social and public life. 
Therefore, its main objective is to positively influence consumer attitudes and buying 
behavior (Sousa & Soares, 2021).

According to Cheng et al. (2011), socially responsible marketing implies the use of 
marketing principles and techniques not only to influence the behavior of the target 
audience but also to take into consideration the benefits for society in general.  In this 
context, marketing is the main responsible for presenting a product or a service that is 
aware of its actions to the side of the offer, always including the ideals and principles 
of this. Thus, this concept aims to respond to social problems and inequalities through 
inclusion and strategic development, promoting practices that must be adopted by all 
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companies in the development of their product or service. In the twenty-first century, 
companies began to develop concerns about poverty and social inequality and, conse-
quently, guided their activity in the fight against these factors. In addition to the sus-
tainable behavior on the part of companies, responsible behavior toward society was 
something that began to be required of companies, to avoid any problem both on the 
demand side and on the supply side (Rego et al., 2007). Aware of the consequences of 
their actions, company managers tend to develop their role by contemplating con-
sumer demands from the perspective of not only product or service quality but also 
their impact on the environment and the community at large.

31.3.1  Disabilities Employment in Tourism

In the context of socially responsible marketing, employment for people with dis-
abilities is an equally important opportunity and should be considered in all areas 
and, consequently, promoted. Although there are not many companies associated 
with this topic and employment campaigns for people with disabilities, the opportu-
nities should be assessed and developed to include this group of people and guaran-
tee them the right to employment and stability (Meira et al., 2021). According to the 
Portuguese Association of Disabled People, well-structured and applied employ-
ability strategies entail a higher cost.

However, there will be long-term growth and improvement in the supply of jobs. 
This is because it is more effective to promote this practice than to bear the costs of 
maintaining and supporting people with disabilities and unemployed people. The 
National Institute of Statistics developed a study in 2002 for people with disabilities 
and their employability. Between 15 and 64 years of age, people with some type of 
disability and people without any disability were identified. About 55.7% of people 
with disabilities are retired people and only 7.3% are students. There are very high 
percentages of unemployed people resulting from the inability to integrate these people 
into the world of employment. This requires a strategic solution of socially responsible 
marketing that involves the adoption of appropriate behavior by managers and business 
leaders. There is a need to combat unemployment by including these people in the 
routine of a company (Lima & António, 2009). A more recent study, but already some 
time old, pointed out in 2017 that by 2020 approximately 120 million Europeans will 
have a disability (European Commission, 2017), representing about 16%.

31.3.2  LGBTI and Social Responsibility

A topic that also deserves to be highlighted when it comes to social responsibility in 
marketing concerns LGBTI tourism. According to Silva and Vareiro (2021), tourism 
represents a large part of the economic activity in Portugal and revenues have increased 
over the years. However, this sector was deeply affected by the emergence of the pan-
demic in 2020, which leads to a decrease in revenues and economic activity. Regardless 
of the economic ups or downs of tourism, it is certain that this area contributes to 
global and national economic data. As mentioned above, tourism relates to the social 
responsibility aspect and the hospitality that is necessary for visitors, as they begin to 
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feel greater freedom to be able to travel without many complications regarding the 
current situation. In this context, destinations need to program a safe environment for 
all their visitors. Thus, the question these two authors pose is, “Does this hospitality 
also apply to lesbian, gay, bisexual and transgender tourists?”

Guaracino and Salvato (2017) state that not all locals, destinations, or businesses 
welcome the LGBTI community, and because of this, there are few destinations that 
welcome and develop good practices and behaviors toward the community con-
cerned. For these authors, if a tourist destination uses the right campaign, it will 
create interest alongside demand and, consequently, receive LGBTI tourists. 
Otherwise, the destination may even have good practices and be socially responsi-
ble, but if you do not disclose your actions, tourists will not know if the place is 
ideal to travel. Responsible behavior will motivate your growth and prominence at 
the social and economic level. Currently, there is still homophobia, and the tourist 
industry fights this hatred by promoting hospitality and security among tourists and 
the receiving community. However, it is not an easy task, as there is a need for strat-
egies appropriate to this objective, and managers develop the behavior of the receiv-
ing site through the problems that are necessary to eradicate.

According to George (2021), in 1970 the trips and tours of the LGBTI commu-
nity were already recognized due to various motivations, such as the Rio carnival. 
These events have allowed society to move forward in cultural, social, and political 
terms in the face of people’s thoughts toward members of the LGBTI community. 
These advances allowed many people to assert themselves and not deny their iden-
tity and this was possible through the different experience that was provided to 
them. As a young target began to travel more and more and experience new tourist 
destinations as they developed. Despite this progress, there are still some negative 
aspects, notably prejudice and discrimination.

Despite these identified problems, such as homophobia, more and more LGBTI 
people have gained visibility in society, which makes the community more easily 
accepted compared to previous times. This development occurs in terms of demand 
and supply, leading to more dynamic tourism. The “LGBT tourist (…) is an experi-
enced traveller and demonstrates an above average drinking aptitude” (Silva & Vareiro, 
2021, p. 305). The interest in more common destinations also increases, which makes 
those responsible for tourism in these places have special attention to the hospitality, 
comfort, safety, and well-being of people, so that they feel welcome. Thus, “LGBT 
Tourism must be thought and worked within the framework of the entire value chain of 
tourism activity to obtain quality and competitiveness in tourism” (Silva & Vareiro, 
2021, p. 306). According to Ferreira (2021), from the 2000s on, society began with 
revolutions to support the rights of the LGBTI community, and only in 2004 Portugal 
considered sexual orientation as a right. Although it was too late, the country has man-
aged to take a positive step toward the rights of the LGBTI movement.

According to Ro and Khan (2022), society does not value the issue of acceptance 
of the LGBTI community and does not promote as many marketing  campaigns in 
awareness and hospitality of society. It is important that companies understand that by 
adopting a positive and responsible attitude when it comes to the safety of LGBTI 
tourists, their safety, confidence, and well-being will be promoted. For will also create 
market prominence, attracting more tourists who are interested in traveling interest in 
traveling to responsible and LGBTI friendly places. According to these authors, the 
key to a company is the positive attitude of all its employees toward daily situations.
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31.3.3  Pet-Friendly Tourism

According to Alves e Sousa (2022), a pet has a significant impact on people as it 
transmits affective emotions toward them. According to these authors, people who 
travel with their pets end up having some benefits, namely activities together. As the 
world has evolved, the “traditional image” of people going on holiday and leaving 
animals at home is also changing. This is because there is greater openness on the 
part of the offer when receiving owners and their animals. Thus comes the pet 
friendly tourism, which allows leisure time between a person and their pet (Huang 
et al., 2022). With this also arise new services and products for the welfare of the 
animal. Despite this responsible behavior, Alves and Sousa (2022) claim that it 
becomes a higher cost for hotel units, due to infrastructure and some restrictions of 
fate or other people’s little empathy for this target.

According to Machado et  al. (2017), many families consider pets as a family 
member and, therefore, tourism managers should focus on marketing “families with 
pets” strategy. At case, this market segment needs places where it can practice 
Tourism in which their pets are also accepted. Some countries in Europe and the 
USA accept animals in restaurants, and some airlines allow animal travel, and this 
is responsible behavior by parts of these companies. Also, some hotels respect the 
connection between pet animals and their owners and therefore allow the pets in 
their space, for example, hotel “The Yeatman” located in Vila Nova de Gaia. This 
wine hotel is very close to Porto Wines Cellars and has a beautiful view of the 
Oporto (world heritage city) and the Douro River that separates the two cities.

31.3.4  Ecofriendly Hotels

Tourist destinations are crossing points for thousands of people a year, and overtour-
ism is one of the factors that leads to the great concern of tourism managers. 
Hospitality and welcoming tourists are important points, but there is also a need to 
make good practices on both the demand side and on the supply side. Instilling 
responsible behavior in companies is not an easy task to manage, as this will involve 
higher spending (Sadiq et al., 2022). However, in the long run, it will produce posi-
tive effects on the environment and the activity of each of the companies. In this 
context, UNWTO has developed a sustainability policy applicable to all hotel and 
tourism companies, with the aim of making them sustainable and environmentally 
friendly (ecofriendly) companies. These policies include the proper use of all natu-
ral and environmental resources in the development of tourism activities, the con-
servation of natural heritage and biodiversity, respect for receiving entities and their 
environment, respect for local traditions and cultural values, and the implementa-
tion of “viable and long-term” economic policies that provide “socio-economic 
benefits stakeholders”. These benefits are applied with the aim of reducing poverty 
and balancing economic resources through “stable opportunities for employment, 
income and social services for the community” (UNWTO, 2022).

According to Yadegaridehkordi et al. (2021), ecofriendly hotels are places cre-
ated and developed to implement green and healthy products/services, along with 
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responsible practice behaviors toward the community in which they are located. It 
is important to convey a truly ecological image when it comes to the attitudes of and 
other employees in carrying out all their tasks.

31.4  Conclusions

Corporate social responsibility is a concern and a trend that deserves the development 
of studies in the academic community and business reflection. First, some notes were 
elaborated on tourism and its evolution, the profile of tourists, marketing, ethics, and 
social responsibility. Then, some important aspects that society and tourism busi-
nesses should consider during their activity were addressed, including inclusive 
employment opportunities, tourism and the LGBTI community, pet-friendly hotels, 
and ecofriendly hotels. Addressing these aspects is extremely  relevant because only 
in this way can society evolve in the face of the problems occurring in it and contribute 
to the evolution of sustainability considering its three pillars: economic, social, and 
environmental. In terms of conclusions, it is important to mention that tourism is an 
industry strongly characterized by competitiveness and (also) social concerns. In this 
sense, organizations try to develop their differentiating nature with socially responsi-
ble measures. In this chapter, some of these socially responsible actions (in environ-
mental, sustainable, or community well-being domains) were presented.

Many tourist companies do not develop their activity according to the concepts 
discussed above. However, there is a strong need to implement responsible behaviors 
in terms of inclusion, safety, sustainability, quality-price of the product and service 
offered, comfort, among others. The world is facing a situation that has altered the 
entire tourism system and negatively affected the economy of all countries. This issue 
has caused many people and businesses to be living on the edge and with many diffi-
culties. Although there is a need to recover the economy, tourism will not leave aside 
environmental and social recovery and, for this, it is necessary to develop and imple-
ment sustainable strategies. This sustainable recovery will allow the tourism sector to 
resume its entire activity with greater economic, social, and environmental security. 
This chapter represents a starting point – limited to four perspectives and not very in-
depth – for future studies and research related to the theme, since it is necessary to 
continue to promote social responsibility and ethical behaviors in tourism. However, 
further research need to be carried out in this area, and the new information should be 
compared with the information analyzed in this document, thereby verifying the evo-
lution, stagnation, or regression of tourism in relation to these aspects.

References

Alves, H. M., & Sousa, B. (2022). Pet-friendly tourism. In Encyclopedia of tourism management 
and marketing. Edward Elgar Publishing.

Cheng, H., Kotler, P., & Lee, N. (2011). Social marketing for public health: Global trends and 
success stories. Jones and Bartlett.

Eger, C., Munar, A. M., & Hsu, C. (2022). Gender and tourism sustainability. Journal of Sustainable 
Tourism, 30(7), 1459–1475.

31 Sustainability and Corporate Social Responsibility in the Portuguese Tourism…



470

European Commission. (2017). Progress report on the implementation of the European Disability 
Strategy (2010–2020). https://asksource.info/resources/progress- report- implementation-  
european- disability- strategy- 2010- 2020

Ferreira, E. (2021). Crimes de Ódio e Discriminação contra a comunidade LGBTI. Bachelor’s 
thesis, Universidade Fernando Pessoa, Faculdade de Ciências Humanas e Sociais, Porto.

Galan-Ladero, M., & Galera-Casquet, C. (2018). Corporate social responsibility and digital tools. 
The cause-related marketing case. In L. Carvalho & P. Isaias (Eds.), Handbook of research on 
entrepreneurship and marketing for global reach in the digital economy (pp. 1–16). IGI Global.

George, A. A. (2021). Social and cultural influences and their implications for sustainable tourism: 
A case study of Trinidad & Tobago’s tourism and the growth of the LGBTQ traveler segment. 
Journal of Sustainable Tourism and Entrepreneurship, 2(3), 147–141.

Guaracino, J., & Salvato, E. (2017). Handbook of LGBT tourism and hospitality: A guide for busi-
ness practice. Columbia University Press.

Huang, R., Krier, L., Josiam, B., & Kim, H. (2022). Understanding Consumer–Pet Relationship 
during Travel: A Model of Empathetic Self-Regulation in Canine Companionship. Journal of 
Quality Assurance in Hospitality & Tourism, 23(4), 1088–1105.

Kotler, P., & Zalltman, G. (1971). Social marketing: An approach to planned social change. Journal 
of Marketing, 35(3), 3–12.

Lima, F., & António, J. F. (2009). O emprego de pessoas com deficiência – uma breve análise do 
módulo ad-hoc de 2002. EstatINE, 55–59.

Lubowiecki-Vikuk, A., Dercan, B., & Sousa, B. (2021). Sustainable development and leisure 
services: Changes and trends. In A. Lubowiecki-Vikuk, B. de Sousa, B. Dercan, & W. Filho 
(Eds.), Handbook of sustainable development and leisure services, world sustainability series 
(pp. 1–20). Springer.

Machado, B. L., Pereira, D. d., Oliveira, S. G., & Cunha, T. A. (2017). Turismo e o segmento Pet 
Friendly: Um estudo sobre o setor hoteleiro de Belo Horizonte/MG. Revista Hospitalidade, 
14(2), 1–14.

Meira, C., Martins, I. S., & Sousa, B. B. (2021). Accessible tourism and digital platforms: A study 
applied to the City of Viana do Castelo. In F. Brandão, Z. Breda, R. Costa, & C. Costa (Eds.), 
Handbook of research on the role of tourism in achieving sustainable development goals 
(pp. 235–247). IGI Global. https://doi.org/10.4018/978- 1- 7998- 5691- 7.ch014

Rego, A., Sousa, F., Pina e Cunha, M., Correia, A., & Saur-Amaral, I. (2007). Leader self-reported 
emotional intelligence and perceived employee creativity: An exploratory study. Creativity and 
Innovation Management, 16(3), 250–264.

Ribeiro, M.  I. (2013). Impacto do Marketing Socialmente Responsável para as Organizações. 
Master’s thesis, Universidade de Évora.

Ro, H., & Khan, M. (2022). The impact of LGBT friendliness on sexual minority customers’ per-
ceptions and intentions to stay. International Journal of Hospitality Management, 102, 103181.

Sadiq, M., Adil, M., & Paul, J. (2022). Eco-friendly hotel stay and environmental attitude: A value- 
attitude- behaviour perspective. International Journal of Hospitality Management, 100, 103094.

Santos, V. R., Vitorino, T. F., Dias, Á. L., Martinho, D., & Sousa, B. B. (2022). Developing a 
commercial ethics framework for Analysing marketing campaigns. International Journal of 
Service Science, Management, Engineering, and Technology (IJSSMET), 13(1), 1–16. https://
doi.org/10.4018/IJSSMET.290336

Silva, S. d., & Vareiro, L. (2021). Perceção e atitude da comunidade local do Norte de Portugal face 
ao mercado e turismo LGBT. Journal of Tourism & Development, 36(2), 303–318.

Sousa, B. B., & Soares, D. B. (2021). Digital communication as a vehicle for cause-related mar-
keting in cancer prevention: Lactogal case study. In M. M. Galan-Ladero, C. Galera-Casquet, 
& H.  M. Alves (Eds.), Cause-related marketing. Cases studies from a global perspective 
(pp. 247–254). Springer. https://doi.org/10.1007/978- 3- 030- 65455- 9_20

UNWTO. (2022). Tourism definitions. CEDRO, Centro Español de Derechos.
Yadegaridehkordi, E., Nilashi, M., Nasir, M. H. N. B. M., Momtazi, S., Samad, S., Supriyanto, E., 

& Ghabban, F. (2021). Customers segmentation in eco-friendly hotels using multi-criteria and 
machine learning techniques. Technology in Society, 65, 101528.

B. Rosendo et al.

https://asksource.info/resources/progress-report-implementation-european-disability-strategy-2010-2020
https://asksource.info/resources/progress-report-implementation-european-disability-strategy-2010-2020
https://doi.org/10.4018/978-1-7998-5691-7.ch014
https://doi.org/10.4018/IJSSMET.290336
https://doi.org/10.4018/IJSSMET.290336
https://doi.org/10.1007/978-3-030-65455-9_20


471

32The Impact of COVID-19 on Active 
Population Perception, Motivation, 
and Decision to Travel in the Northern 
Zone of Portugal

Óscar Silva, Catarina Lucas, and José Oliveira

32.1  Introduction

The emergence of the COVID-19 pandemic started around January 2020  in the 
Chinese city of Wuhan, Hubei Province. This is a respiratory disease caused by a 
virus called SARS-CoV-2 from the coronavirus family. It is a highly transmissible 
disease among humans causing respiratory failure or severe acute respiratory syn-
drome. It has proved to be a serious public health problem due to the direct impact 
on the lives of hundreds of thousands of people. Epidemics and pandemics generate 
severe impacts on the economy of countries (WHO, 2020; Feyisa, 2020).

In April 2020, all destinations worldwide had some type of travel restrictions 
related to COVID-19, forcing countries and states for the first time in recent history 
to adopt extreme restrictions on international travel (UNWTO, 2020). The most 
pessimistic loss forecasts were felt on airlines, hotel companies, restaurants, event 
companies, and even major entertainment centers, such as the Disney Complex 
(Tsionas, 2021; Segal & Gerstel, 2020). In the first 6 months of 2020 alone, the 
losses verified by the airlines exceeded US$ 84 billion (IATA, 2022). The imposed 
lockdown took over our daily lives in the form of closed borders, restrictions, a ban 
on the movement of people, and interrupted transport (Baum & Hai, 2020).
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Consequently, social isolation is a strategy found to reduce and counteract the 
contagion curve, directly impacting the different economic activities, and with 
greater expressions in non-essential sectors such as tourism. According to UNWTO 
(2020), the pandemic could put at risk 100–120 million direct jobs in tourism, with-
out considering indirect ones. The effects of the pandemic caused by COVID-19 
caused an impact on the development of tourism activities worldwide (Gössling 
et al., 2020). Although many travel and tourism companies are used to including 
risk management and assessment model in their business planning (Ural, 2015; 
Ritchie & Jiang, 2019), the nature of this pandemic placed these models under 
strong pressure as their impacts were manifested on a global scale. According to 
Horta (2020), Portugal is one of the European countries where a strong reduction in 
tourism activity is expected, with a forecast of more than 40% in the number of visi-
tors. The economic dependencies of multisectoral business organizations, regard-
less of the degree of magnitude, will survive, due to the combination of government 
aid and private funding.

Presently, it is important to think and discuss about “post-Covid tourism” (Baba 
et  al., 2020; Chang et  al., 2020; Haywood, 2020). When looking to the possible 
manisfestions of tourism that were in this pandemic context, virtual spaces, or imag-
inative mobility (Elliott & Urry, 2010; Urry, 2000), thus, gaining greater promi-
nence, in counterpoint to the impossibility of conventional tourist flows. In this 
context, the different communication/promotion policies on the diverse tourist des-
tinations have disseminated images in unrecognizable manners: alerting to the risk 
of traveling, not recommending, and advising to travel to a particular destination or 
staying at home. All these messages are usually accompanied by images of the 
destination(s), attraction(s), culture, and traditions, which, in a contradictory way, 
continue to feed a brand image dimension and imagination of tourist mobility. 
Assuming mobility as a category of analysis (Cresswell, 2010; Freire- Medeiros 
et al., 2018; Hannam et al., 2006; Kaufman, 2010; Sheller, 2014; Sheller & Urry, 
2006), its complexity is recognized, leading to immobility.

The aim of this work consists of investigating how the COVID-19 pandemic 
influenced the tourist’s motivation to travel and destination choice in the North of 
Portugal. This area is composed of 86 municipalities.

This chapter is organized as follows: It starts with an introduction to the problem 
under study. In Sect. 32.2, an extensive literature review is performed on the conse-
quences of COVID-19 and the post-pandemic on the tourism sector. In Sect. 32.3, 
the methodology and data collection used for this research are explained. In Sect. 
32.4, the obtained results and their discussion are presented. Finally, in Sect. 32.5, 
general conclusions, contributions, limitations, and clues for future investigations 
are presented.

32.2  Literature Review

In recent years, tourism has been the engine of economic growth in Portugal. 2019 
was a very positive year for the tourism sector, with approximately 1.5 billion arriv-
als of international tourists (UNWTO – World Tourism Organization, 2020), with 
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an effective growth of 4% in global tourism activity compared to the homologous 
period recorded in the previous year. In this same report, the OMT reaffirms the 
continued growth of the sector over the last decade, reaffirming a growth of 3–4% 
in 2020, with the advent of a series of impactful events such as the Tokyo Olympics 
and the cultural Expo 2020 in Dubai, impacted positively and reinforced the sector 
(Brito, 2020). In 2018, tourism in Portugal provided 1047 million jobs, which is 
equivalent to 21.8% of total employment (PRESSTUR, 2019). Furthermore, it rep-
resents circa 14.6% of the national GDP (TravelBI, 2019).

According to the World Travel & Tourism Council (WTCC, 2021), it is the fourth 
country with the highest rate of wealth generation by tourism (WEF, 2018). On the 
same period, the country followed the worldwide growth on arrivals and tourist 
revenues, having been awarded for such in 2017, and for the first time, considered 
the best tourist destination in Europe and the world, a prize obtained consecutively 
until the year 2020 (Seabra et al., 2020). The year 2020 could have been the best 
year ever for the Portuguese tourism industry (Turismo de Portugal, 2021). The 
months of January and February 2020, shortly before the registration of the first 
case of COVID-19 in Portugal, indicated that the number of overnight stays was 
increasing by 11.41% compared to 2019 (INE  – National Institute of Statistics, 
2020). According to Turismo de Portugal (2021), in 2020 there was a drastic 
decrease in the demand for tourist accommodation by 63% compared to the same 
equivalent period of 2019, a figure seen only in 1994. Citing the INE report (2020), 
tourist accommodation decreased by 60.4% and 61.1%, respectively. Additionally, 
the data released by Banco de Portugal in 2021 mentioned a decrease of 62.2% after 
the emergence of the pandemic, compared to the balance of travel and tourism, and 
also recorded a decrease in tourist exports, which in percentage terms means a 
decrease of 57.6% when compared to 2019, concerning the expenses and debts of 
tourist imports, there is a reduction of 46.1% when compared to 2019 (National 
Institute of Statistics, 2021).

According to WTTC (2021), in 2020 due to the pandemic situation, it is esti-
mated that around 62 million jobs have been lost, corresponding to a decrease of 
18.5% globally. Consequently, the tourism sector represents only 8.9% of all jobs. 
Also in 2020, the tourism sector affected by national and international mobility 
restrictions suffered a global loss of US$4.7 trillion and the contribution to gross 
domestic product decreased from 10.4% in 2019 to 5.5% in 2020. The expectations 
for the second decade of the twenty-first century were quite optimistic, riding on the 
exponential growth that was dominant; it was thus predicted that the number of 
arrivals of international tourists increased to 1.8 billion arrivals in 2030 (UNWTO – 
World Tourism Organization, 2011). However, this pandemic caused by this new 
coronavirus (SARS-CoV-2) imposed a sharp reduction and burst in tourist flows, 
with the adoption of containment measures implemented to try to control the spread 
of the virus (Gössling et al., 2020).

According to studies by Roehl and Fesenmaier (1992) on leisure and travel, sev-
eral types of risk were identified with three dimensions of travel: leisure, physical 
equipment, and travel destination (Seabra et al., 2020). The risk factors associated 
with travel destinations have motivated the attention and interest of researchers: (i) 
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health risk: physical danger, injury, or illness (Park & Reisinger, 2010); (ii) risk of 
natural disasters (Becken & Hughey, 2013); (iii) crime, political instability, and 
violence (Brunt et al., 2000; Fletcher & Morakabati, 2008; Saha & Yap, 2014); and 
(iv) risk of terrorism (Seabra et al., 2014). The health risk, due to the increasing 
frequency of pandemics, epidemics, and outbreaks in recent decades (Abrantes 
et al., 2021), has been increasingly explored in the literature on tourism. Thus, the 
risks introduced by changes in population mobility, business travel, tourism, migra-
tion, and emigration, in a much more globalized world, have caused this virus to 
spread differently (Shi et al., 2020). In this sense, the COVID-19 and the closing of 
the original celebration (festivities, leisure experiences, and dream fulfillment) gen-
erated a weakening of social ties and hospitality (Korstanje, 2020). Sensorial ele-
ments such as smells, sounds, taste, touch, and visual aspects can stimulate the 
emotions and memory of travel and travelers. Despite the thought, memories are 
dynamic and subject to change over time, through daily routine processes (Park & 
Santos, 2017). Coelho et al. (2018) point to the need to expand the classification of 
the study of the emotions of tourist experiences, whether positive or negative, and 
the scales and studies present are manifestly insufficient to describe how such emo-
tions can be better understood and/or managed.

The state of emergency created by COVID-19 restricts individual rights to free 
mobility, a situation that is similar to terrorism and demonstrates material asymme-
tries between social classes. When it comes to post-pandemic tourism, the views are 
divided between an expectation of recovery of the levels of tourism of previous 
years, the implementation of protocols and medical-sanitary measures, and the 
search for reform, an opportunity to rethink its principles and ethics (Gössling et al., 
2020; Hall et  al., 2020; Higgins-Desbiolles, 2020a, b; Jamal & Budke, 2020). 
Furthermore, the expectations with the so-called “proximity tourism” (Ioannides & 
Gyimóthy, 2020) and valuing traditional practices in a fairer mobility regime 
(Sheller, 2021). Some studies investigated the relationship between communica-
tions and tourism during the pandemic, dealing with tourist perceptions and racial 
discrimination (Yu et al., 2021), as well as its effects on the mental health of Chinese 
tourists’ victims of racist attacks (Zheng et  al., 2020). If they notice that certain 
destinations are at risk, the probability of the tourist choosing them is virtually nil 
(Kozak et al., 2007).

Tourists, when traveling, may be exposed to risks associated with their health, 
especially when traveling to foreign and unknown destinations (Chua et al., 2020). 
COVID-19 created a level of fear and panic in individuals never before felt (Slanina 
et al., 2021; Zheng et al., 2022). The world is facing an unprecedented pandemic 
(Chebli & Said, 2020), a pandemic which persists and causes numerous uncertain-
ties, notably in the real negative impacts it will have on the tourism industry 
(Neuburger & Egger, 2021). Roughly speaking in post-pandemic tourism, the views 
are divided between an expectation of recovery of previous tourism levels, as soon 
as medical and sanitary protocols are implemented, and others looking for retire-
ment, and an opportunity to rethink its principles and ethics (Gössling et al., 2020; 
Hall et al., 2020; Higgins-Desbiolles, 2020a, b; Jamal & Budke, 2020).
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The Strategic Vision for the Economic Recovery Plan of Portugal 2020–2030 
points to options and priorities, which should guide the recovery of the harmful 
economic effects caused by the pandemic on tourism. This document states that 
Portugal should rely on its geographical and landscape diversity as a way to attract 
the reference markets again, betting on a diversified, competitive, and quality offer, 
through a good harmonization between conventional tourism and nature tourism, 
health tourism, cultural tourism, and recreational nautical. Many are the predictions 
of behavior change, and habits of tourists, in the face of the pandemic context. 
Demand for unmastified destinations is expected to increase, as they can offer 
unique and quality experiences to travelers. Places full of nature and without large 
crowds of people, where travelers can find small hotel units, can become the most 
sought-after places by tourists in the post-COVID-19 era (Almeida & Silva, 2020).

32.3  Methodology

This research investigated the touristic behavior during the COVID-19 pandemic of 
certain locations in Portugal. The methodology employed in this research was of 
qualitative nature, i.e., a case study, whereby questionnaires were applied. A case 
study should be performed when investigating contemporary events (Lopes et al., 
2018; Whitehead, 2003). A case study is the most suitable method for this research 
as it allows to gather interpretations through observations (Ferreira et  al. 2021; 
Lopes et al., 2022).

32.3.1  Data Collection Procedure

This chapter presents preliminary research results on how the COVID-19 pandemic 
influenced the tourist choice and preferences of the destinations located in Porto and 
Northern Portugal.

To achieve this goal, a questionnaire was distributed by e-mail to a sample of 
active population in the north of Portugal between 10 November2021 and 30 April 
2022 (after the COVID19 pandemic).

A voluntary non-random (non-probabilistic) sampling was adopted. More than 
3,000 individuals from the business community were contacted by email and invited 
to answer the questionnaire via a link. The sample contained 70 individuals, which 
represents a response rate of approximately 2%. The online survey was designed 
and created on Google Forms, and disseminated by companies, universities, and 
institutes.

It contained 51 questions that generated data related to the motivations that led 
participants to travel (e.g., leisure, gastronomic, and cultural); the activities they 
usually practice in the Porto and North of Portugal region; the criteria of choice that 
led them to travel to this region (e.g., climate, safety, and proximity); the attributes 
of the region that exceeded their expectations; the recommendations they would like 
to implement to improve the Porto and North of Portugal region as a safe and 
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preferred destination in a post-COVID-19 scenario (e.g., greater mobility and access 
and greater hotel supply); municipalities visited in this region; and municipalities 
of choice.

The following control variables were used: age, gender, qualification level, job 
conditions, and profession. The database was cleaned, categories were grouped, 
variables were recorded, and negative items were reversed. All participants were 
informed about the study and the anonymity of the research process.

Of the 70 individuals who answered the questionnaire, 56% (N  =  39) were 
female, with age described as approximately 37.91 ± 13.69 years, 67% had con-
cluded university studies, 76% reported as being employed (21% self-employed and 
54% employee), 16% were students, and 9% unemployed. The participants had 
professions mostly related to management, administration, and technical positions.

32.3.2  Measures

A 5-point Likert scale was used to study and measure the degree of perception of 
tourists regarding the safety of the region, given the current context of generalized 
deconfinement (1 = “Very unsafe” to 5 = “Very safe”); additional safety measures 
that could be accepted (1 = “Definitely not” to 5 = “Definitely yes”); and implica-
tion and relationship of COVID-19 with the choice of tourist destinations 
(1 = “Definitely not” to 5 = “Definitely yes”).

32.3.3  Data Analysis

In terms of statistical software, Microsoft Excel, R version 4.1.2 (2021-11-01), and 
JASP were used. Given some gaps in the characteristics of the sample (the sampling 
technique and sample size), at this point, inferential statistics were not used, and 
only descriptive statistics of the different variables were used.

To characterize the tourists’ motivations to travel, or their recommendations to 
turn Porto and the North of Portugal region into a safe and preferred destination, a 
Pareto analysis was implemented.

This methodology is based on the observation that operational results and eco-
nomic wealth are not distributed evenly and that some inputs contribute more than 
others. It is referred to as the 80/20 rule, a nomenclature that has popularized a 
complex economic concept introduced by Vilfredo Pareto, a nineteenth-century 
Italian economist. The underlying concept is that the majority of problems (roughly 
80%) are often caused by a small number of sources (roughly 20%). The 80/20 rule 
implies that most efforts are not efficient and should be reduced.

The strategic objective would be to leverage and maximize the efforts that pro-
duce most of the results. In strategic management, Pareto analysis is linked to the 
analysis of an organization’s internal environment. It is particularly useful to iden-
tify internal strengths and weaknesses through the evaluation of an organization’s 
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internal resources and capabilities, which are the source of its core competencies 
and which in turn create competitive advantage (Powell & Sammut-Bonnici, 2015).

For example, when tourism entities have a complete picture of tourists’ needs or 
the target audience’s motivations to travel, action can be focused on the most rele-
vant and sustainable measures. The use of this methodology, in this case, will con-
sist of segmenting tourist motivations to travel or their recommendations to turn 
Porto and the North of Portugal region into a safe and preferred destination. In other 
words, list the motivations in the order they are most cited by tourists and, from 
there, create actions targeted at these motivations to improve the number of sales in 
the tourism sector in a more sustainable manner.

32.4  Results and Discussion

In the Pareto Diagram shown in Fig. 32.1, it can be seen that in order to meet the 
needs of the participants in this study and satisfy 83.3% of the factors that motivate 
them to travel, companies in the tourism sector must act essentially to promote pro-
grammes involving leisure, holidays, culture, nature and gastronomy in order to 
have a greater impact on increasing demand. When analyzing the activities effec-
tively carried out by tourists and specifically in the Porto and North of Portugal 
region, it can be observed that 81% of the activities performed in the region corre-
sponded to leisure, cultural, and sports activities (Fig. 32.2). Also, 81% of the crite-
ria used to decide to travel to Porto and the Northern Portugal region corresponded 
to proximity, hospitality, monumental heritage attractions, price/quality, safety, 
weather, and tourism offer (Fig.  32.3). An inverse analysis suggests that the 

Fig. 32.1 Motivations to travel
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Fig. 32.2 Activities performed in Porto and North of Portugal region

Fig. 32.3 Criteria for choosing to travel to the Porto and North of Portugal region
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Fig. 32.4 Attributes of the region that have exceeded expectations

attributes with lower or null frequencies such as price, safety, and tourist offer, 
among others, which were not even mentioned as attributes by the participants, 
should be improved (Fig. 32.4). Thus, by investing in these characteristics, they may 
be considered attributes of the region by tourists in the future.

Furthermore, when analyzing the total number of motivations, it can be observed 
that, on average, each individual presents three motivations to travel with a standard 
deviation of 1.51. By looking into the total number of activities practiced in the 
Porto and North region of Portugal, it can be observed that on average each indi-
vidual has 1.44 activities practiced with a standard deviation of 0.77. In terms of 
sports activities, hiking, canoeing, stand up paddle (SUP), and surfing are the most 
frequent. Considering the total number of decision criteria, selected by the partici-
pants, it is observed that, on average, each individual presents 3.63 criteria in a total 
of 12 options or more (min 0 and max 10) to travel to this region with a standard 
deviation of 1.94. Considering the total number of attributes of the region that have 
exceeded the expectations of the participants, it is observed that, on average, each 
individual presents 1.43 attributes to the region in an unlimited total (because it is 
an open- ended question) (min 0 and max 9) with a standard deviation of 1.17.

The following graphs show the results obtained with the analysis of the three 
dimensions (described by several items on a 5-point Likert scale) to study and assess 
the degree of tourists’ perception regarding the security of the region, given the cur-
rent context of widespread deconfinement (Fig. 32.5); additional security measures 
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Fig. 32.5 Tourists’ perception on the security of the region, given the current context of wide-
spread deconfinement

that could be accepted (Fig. 32.6); and the implication and relationship of COVID-19 
with the choice of tourist destinations (Fig. 32.7).

Considering the current context of generalized deconfinement, the degree of 
respondents’ perception of security in relation to different measures implemented in 
the tourism sector presents always median above 3 (scale: 1 =  “Very unsafe” to 
5 = “Very safe”). Thus, the results indicate that tourists have a high degree of per-
ception of safety in relation to different measures implemented in the tourism sec-
tor, considering the wild deconfinement.

In terms of extra security measures, there are large differences in terms of 
response agreements for certain items. Some of them present a more homogeneous 
distribution of answers, while other items do not so much.

Regarding the influence of COVID19 on the choice of tourist destinations, all 
indicator items presented responses with medians greater than or equal to 2.5 
(1 = “Definitely not” to 5 = “Definitely yes”).

To understand the data a little more and to go further in the analyses, the vari-
ables average safety, average of “extra measures,” and average of “effect of 
COVID19 on choices” were created. The overall scores were obtained as an average 
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Fig. 32.6 Tourists’ perception of the additional security measures that could be accepted

of the responses to all items regarding each dimension of perception. Table 32.1 
shows the descriptive statistics for the variables of interest in this study.

Regarding the municipality of choice, and considering only the first answer, 
Oporto is the municipality with the highest frequency, followed by Viana do Castelo. 
More than 50% of the participants recommend an increase in the offer of transport 
and frequency, more investment, and a greater concern with the environment and 
heritage preservation for Porto and the North of Portugal to be considered a safe 
destination of choice in a post-Covid scenario. On the other hand, in terms of hos-
pitality and hotel offers, there are not many recommendations (11% and 13%, 
respectively). According to Almeida and Silva (2020), these results refer that 
demand for unmastified destinations is subject to increase since they can no longer 
offer unique and quality experiences for travelers, one particular example that can 
be referred is the region of Porto and North of Portugal. It was predicted that after 
the COVID-19 era, small hotels in regions where nature is abundant and with fewer 
crowds would be more sought by travellers (Almeida & Silva, 2020).
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Fig. 32.7 Tourists’ perception of the implication of COVID-19 on tourist destinations

32.5  Conclusions

32.5.1  General Conclusions

The conclusions denote a trend in the touristic behavior in Porto and the Northern 
Region during the COVID-19 Pandemic. However, although only preliminary 
results of a broader study of the perception of the security of the region, additional 
security measures that could be accepted, and the implication and relationship of 
COVID-19 with the choice of tourist destinations are presented here, an attempt was 
also made to formulate some hypothesis to verify the existence/absence of a depen-
dency relationship between some variables.

As mentioned earlier and according to Almeida and Silva (2020), these results 
show that demand for unmastified destinations is subject to increase since they can 
no longer offer unique and quality experiences for travelers, one particular example 
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Table 32.1 Descriptive statistics of some variables of interest

Variable of interest
Mean 
(SD) Scale

Perceptions’ dimensions
Overall security score 3.83 

(0.67)
1 = “Very unsafe” to 5 = “Very 
safe”

Overall extra measures score 3.32 
(0.92)

1 = “Definitely not” to 
5 = “Definitely yes”

Overall effect of COVID19 on choices score 3.34 
(0.54)

1 = “Definitely not” to 
5 = “Definitely yes”

Some specific strong variables
None of the obligations because it infringes 
freedom (not inverted)

2.71 
(1.43)

1 = “Definitely not” to 
5 = “Definitely yes”

For me, there is no direct relationship between 
COVID19 and the choice of destinations (not 
inverted)

2.86 
(1.39)

1 = “Definitely not” to 
5 = “Definitely yes”

Some new variables
Number of criteria to travel to Porto and North 
of PT

3.63 
(1.94)

Out of 12 criteria options

Number of suggestions for improvement so 
that the Porto and North of PT become a safe 
destination of choice post-COVID19

5.61 
(2.60)

Out of 16 suggestions options

Number of attributes of the region of Oporto 
and North of PT that exceeded expectations

1.43 
(1.17)

With no limit of options (open 
answer)

Number of municipalities visited in Porto and 
North of PT

36.01 
(23.65)

Out of 86 existing municipalities 
in the region of Porto and North 
of Portugal

is the region of Porto and North of Portugal. It was predicted that after the COVID-19 
era, small hotels in regions where nature is abundant and with fewer crowds would 
be more sought by travellers (Almeida & Silva, 2020).

Nevertheless, the results indicate that tourists have a high degree of security per-
ception in relation to the different measures implemented in the tourism sector; 
furthermore, a large portion of the sample will not accept any additional security 
measures, unless mandatory by law. The respondents consider that COVID-19 had 
an impact on the choice of tourist destinations and recommend a greater frequency 
of transport and added investment so that the Porto and North region of Portugal are 
considered as a post-COVID-19 destination of choice. Proximity and hospitality 
stand out as the main decision-making criteria for traveling to the Porto and Northern 
Portugal region. However, when analyzing the activities being practiced in Porto 
and the northern region of Portugal, it is observed that most of the activities prac-
ticed in these regions correspond to leisure, cultural, and sports activities. As mana-
gerial advice, the authors suggest that companies in the tourism sector should act 
essentially in the promotion of programs that involve leisure, holidays, culture, 
nature, and gastronomy to obtain a greater impact, thus increasing the demand.

32 The Impact of COVID-19 on Active Population Perception, Motivation…
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32.5.2  Limitations

Due to some limitations of the sample related to its small size and the sampling 
technique that was applied, inferential statistics were not used in this study, but only 
descriptive statistics to compare the proportions (%) of responses for the different 
categories. In particular, the fact that a non-random voluntary sampling was used, in 
an online survey disseminated through a link sent by e-mail, may lead to a non-
representative sample of the population and consequent bias in the results (as only 
those who made themselves available responded to the questionnaire). To overcome 
this situation, future research intends to use a stratified sampling technique that 
allows obtaining a representative sample of the population.

Moreover, there was no data on travel frequencies (neither before, during nor 
after the pandemic), and in the questionnaire, there was no question about how often 
participants traveled to North Portugal: 1× per week, per month, per year. So, it is 
unknown who travels more or less. Another limitation of the study is that by using 
the variable describing “the number of municipalities already visited in the North of 
Portugal”, it may be analysing individuals who travelled a lot before COVID and 
stopped travelling during and after COVID. Furthermore, this measure is relative: 
on the one hand, knowing a few municipalities does not imply travelling little 
because individuals can travel to the same municipality every weekend and get 
around more than others; on the other hand, knowing many municipalities does not 
imply travelling a lot, for example, individuals who have only visited the Caminhos 
de Santiago once, or a single trip through the North of Portugal, can be considered 
well-travelled using this single measure.

32.5.3  Clues for Future Investigations

Thus, in future work, with a more adjusted questionnaire and using a more adequate 
sampling technique, it is intended to test the following hypotheses: (i) Did the gov-
ernment measures have an impact on the decision to travel? (ii) Did the most “inse-
cure people” (in terms of perception of security) travel less? (iii) Did individuals 
who had already circulated/or started to circulate through more municipalities cor-
respond to the people with an average perception of higher safety in the pan-
demic period?
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