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The emerging interest in sustainability for process systems engineering is motivated by
the need to create an environmentally, economically and socially stable society. This is
because companies have realized that profit is not the only goal to be achieved. Therefore,
they are seeking ways to satisfy these criteria. From the assessment perspective, social
sustainability was always neglected, and only recently gained a lot of attention, largely
because stakeholders, as being aware of possible negative impacts resulting from
industrial processes, are engaging into decision making process and thus demanding more
transparency about social sustainability. Consequently, the development of the
appropriate methods and quantitative indicators is seen as one of the most important
research priorities in social sustainability.
The purpose of this dissertation is to enable the quantitative assessment of social
sustainability in supply chains and wastewater treatment processes. Thus, it employs
several methods that will help in achieving its stated goal. Defining indicators enhances
their effectiveness, while their validation and applicability are ensured using empirical
and content analysis. Other methods employed for the analysis of proposed social
sustainability indicators and their relationship with stakeholders and supply chain
echelons are bipartite network projection and ANOVA analysis, respectively.
The findings of this study show that social sustainability lacks detailed and appropriate
assessment methods with a clear definition, relevance and quantitative equation of the
indicators. Consequently, developing social sustainability indicators enables the
assessment of both the specific process and the whole supply chain in general. Overall,
these findings contribute to the field of social sustainability and process system
engineering by suggesting a novel approach in assessing social sustainability.
Keywords: social sustainability, sustainability assessment, social sustainability
assessment, quantitative indicators, process systems engineering, supply chains,
wastewater treatment process.
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1 Introduction
1.1

Background

Process systems engineering (PSE) as an interdisciplinary field uses a systems approach
to design, control and manage the process industries (Sargent, 2005). However, with the
emerging need for sustainable products, processes, and services, PSE has been rapidly
developing to broaden its scope. This led to an ongoing interest in sustainable
engineering, causing that sustainability become one of the key issues in business
communities (Bakshi and Fiksel, 2003). Broadening the scope lead to the development of
the following definition of PSE: “Process Systems Engineering is concerned with the
improvement of decision making processes for the creation and operation of the chemical
supply chain. It deals with the discovery, design, manufacture and distribution of
chemical products in the context of many conflicting goals.” (Grossmann and Westerberg,
2000, p. 1700). Additionally, Grossmann (2004) identified the global life cycle
assessment as one of the main challenges for PSE that can ensure the long-term
sustainability of products and processes.
The reason for such emerging interest is reflected in an effort to build an environmentally
safe, socially acceptable and economically feasible future (El-Halwagi, 2012). It stems
from the basic sustainability definitions which encompass the idea of the three main
dimensions of sustainability - environment, society, and economy (Barbier, 1987).
However, the historical development of sustainability shows some divergence from the
initial concept (detailed history of sustainability is given in section 2.1.1). It means that
these three dimensions were not addressed in the same way, meaning that a long-lasting
problem has been to obtain more information on social sustainability (Seuring and Müller,
2008; Hutchins et al., 2019). A central issue arising is the assessment of social
sustainability, as it was always falling behind the environmental and economic
dimensions (Clift, 2003).
Such a condition resulted in the fact that social sustainability is nowadays one of the main
concerns of businesses and academic societies, mainly because of the difficulty in
expressing social sustainability in a quantitative way. Thus, leading business communities
are trying to incorporate social sustainability into performance evaluations (Bakshi and
Fiksel, 2003). Also, there is increased awareness and pressure from stakeholders about
the impacts that some processes can have on their enhanced interest in social
sustainability. Such challenges require an evaluation of industrial products and processes
(Bakshi and Fiksel, 2003); vital for this purpose are sustainability assessment methods
with indicators being fundamental for it.
In that sense, the need for a systematic sustainability framework still exists, which further
opens opportunities for emphasizing the role of engineers. This means that engineers
should be the ones who create and enable the proper evaluation of sustainability of the
process (Bakshi and Fiksel, 2003), i.e., engineers shouldn’t only focus on technical
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characteristics (Wan Alwi et al., 2014) and thus must embrace a holistic view of the
process (Bakshi and Fiksel, 2003). With that in mind, the focus of this dissertation is on
sustainability assessment.
The assessment of sustainability triggered special attention because it can show
information about the current state of sustainability, and give useful information for
decision-making, especially in the case of the process industry. That is also important as
it can help in matching the theory with practice, with successful outcomes in improving
sustainability (Poveda and Lipsett, 2011).
Since the release of the Brundtland report, there have been various specialist meetings
with the aim to create an approach which will enable assessment of sustainability and
hence provide its improvement. One such meeting is held in Bellagio, Italy in 1996 where
Bellagio principles were developed with the aim to enable assessment of sustainability
and hence provide its improvement (Hardi and Zdan, 1997). Those ten principles
encompass four aspects of sustainability assessment, and after more than a decade of
practice these principles have been reviewed and reduced to eight, thus eliminating
repetition (Pintér et al., 2012):
•
•

•

•

Principle 1 considers a clear definition of sustainability goals and vision.
Principles 2 to 4 consider the content of sustainability assessment encompassing
essential consideration (three pillars of sustainability), adequate scope (time
frame, geographical scope), framework and indicators.
Principles 5 to 7 consider the key issues of the assessment process, such as
transparency, effective communication, and broad participation (reflecting views
of users).
Principle 8 continuous assessment, i.e. ongoing assessment that considers
measurements repeating, response to change, with continuous learning and
improvements.

Despite the existence of such principles, there is no ideal assessment method. This is
mostly because existing methods are not capable of addressing different issues and be
applicable to various disciplines (El-Halwagi, 2012). Due to the lack of appropriate
methods and limitations of already existing methods for sustainability assessment, further
work should be done. Focus should be directed towards creating a suitable method with
corresponding indicators that measure progress, status and chance of reaching
sustainability (Pülzl et al., 2012), by helping to understand the meaning of sustainability
in operational terms, providing information for policy choices of moving toward
sustainability, and following the progress and performance of meeting the sustainability
goals (Hardi et al., 1997). This is particularly important for companies to track critical
areas that require improvements in order to reach sustainability (Joung et al., 2013).
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Likewise, Singh et al. (2012) claim that there is an urgent need for the development of
indicators that will measure various aspects of sustainability. Thus, a good indicator
should be able to (El-Halwagi, 2012; Singh et al., 2012):
•
•
•

assess and evaluate the sustainability of a process or a system
provide information and evaluate the progress in reaching sustainability
provide information so that decision-makers can formulate strategies and
evaluate alternatives for improving.

In addition to the above mentioned, when observing the sustainability assessment of
individual aspects (environmental, economic, and social), one can notice increased
inequality among aspects. A long-term neglection of social sustainability caused
incomplete understanding and vagueness of social aspect. Additionally, due to the lack of
scientific basis for social sustainability, its assessment and measurements represent a
challenge for both, practitioners and researchers. Namely, when comparing social
sustainability to environmental or economic sustainability one can notice the lack of a
common unit of measurement together with its acceptable levels (Bebbington and Dillard,
2009). Hence, “assessing the intangible nature of social aspects of development presents
measurement quandaries” (Colantonio, 2009, p. 866). This implies the need for an
approach that will provide a clear scientific basis for social sustainability assessment in
all disciplines, including process systems engineering. Consequently, a comprehensive
social sustainability framework should exist, and it should be able to “define appropriate
criteria to address the company’s impact on the social systems in which it operates”
(Brent and Labuschagne, 2006, p. 4).

1.2

Research gaps and questions

Prior studies have proved the shortcomings of social sustainability, such as a lack of
quantitative methods and the need for improvement of existing assessment methods
(Kloepffer, 2008). The same was concluded by Colantonio (2011), who emphasized that
it should be possible to enable simple quantification of social sustainability indicators.
The statements and gaps raised in section 1.1 indicated the same, leading the focus of this
dissertation to be, as mentioned earlier, the assessment of social sustainability in process
systems engineering. Thus, the significance of this dissertation focuses on the following:
1. Involvement of engineers in the field of social sustainability is needed.
2. Assessment of social sustainability is lacking in suitable methods and
frameworks.
3. Development of quantitative social sustainability indicators is of high
significance.
With that are affected all aspects of the process industry, starting from the whole supply
chain to the individual processes included in the supply chain. With water scarcity and
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pollution being a significant issue in the process industry, wastewater treatment
constitutes a great proportion of this interest, leading to the need for wastewater treatment
plants, which themselves carry certain implications through impacts on environmental,
economic and social issues.
This dissertation, therefore, aims to introduce a novel approach for the supply chains’
social sustainability assessment and social sustainability assessment of individual
processes, as well to provide detailed indicators suitable for the quantitative evaluation of
the supply chains’ social sustainability together with an individual process such as the
wastewater treatment process.
The focus of this dissertation is on the following research questions, which are addressed
through the publications:
RQ1. What are the methods that can be employed for the assessment of the social
sustainability of complex systems?
RQ2. How can social sustainability of wastewater treatment processes be assessed in a
quantitative way?
RQ3. How can social indicators be prioritised based on their relationship with
stakeholders?
RQ4. How can social sustainability of supply chains be assessed? What are the aspects
and quantitative indicators that should be used for the social sustainability assessment of
the supply chains?
By answering these research questions, this dissertation aims to explore the field of social
sustainability and to propose the method and indicators appropriate for the evaluation of
social sustainability in process systems engineering, particularly in supply chains and
wastewater treatment processes. Additionally, it proposes an approach for indicators’
prioritisation by evaluating the indicator-stakeholder relationship. Finally, it proposes a
three-level classification of the indicators.

1.3

Outline and structure of the dissertation

The structure of the dissertation is summarized in Figure 1. The dissertation is divided
into two main parts, where Part I includes an overview of the study and Part II provides
the four individual publications. The first part begins with an introduction to the study.
Section 1 gives information on the general background and motivation of the study,
together with research questions and the main basis for conducting this study. Section 2
presents the theoretical framework that explores the history of sustainability and defines
basic concepts of sustainability. Additionally, it explains why it is important to focus the
study on social sustainability. It also includes current trends in terms of assessing social
sustainably. Section 3 focuses on the research goal and methodology that is used in the
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study. It shows the approach employed in publications and the study’s design. The
overview and a brief description of the publications are included in Section 4. Section 5
deals with the general findings of the dissertation and proposes future research topics.

Figure 1. Structure of the dissertation
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2 Theoretical framework
This chapter discusses the concept of sustainability and especially the position of social
sustainability in the academic literature. It begins by exploring the history of
sustainability, followed by describing sustainability within the existing concepts and
definitions. This overview is followed by a more detailed approach to social sustainability
and its relevance in process systems engineering, i.e. in supply chains and wastewater
treatment processes. The chapter concludes with a review of the existing methods for the
assessment of social sustainability and a discussion on the need for further improvements
and development of new assessment methods.

2.1

Sustainability

As one of the most important and widely recognized challenges, sustainability isn’t just
a simple word with the meaning “to hold up”. Rather, it is a complex concept that involves
all aspects of humanity, particularly social, environmental and economic concerns.
Consequently, during its evolvement time sustainability was changing its focus caused by
changes in human activities. To understand such changes, the following section will
include a brief history of sustainability.
2.1.1

History of sustainability

The sustainability as a term first appeared about 200 years ago, in forestry in 1713, when
Hans Carl von Carlowitz raised a concern about forest preservation and proposed an
approach, “nachhaltige”, which suggest that woodcutting should be guided by the new
growth of trees (Wilderer, 2007). Also, the year 1798 is recognized by many scholars as
the significant year for sustainability, when the book written by Thomas Malthus raised
a concern about the planet capacity and possibility to surpass available resources (Dodds,
1997; Du Pisani, 2006; Kuhlman and Farrington, 2010). Since then, the aim and
objectives of sustainability expanded causing that concept changes its focus over time,
from environmental, economic to social dimensions. For instance, as can be noticed from
Figure 2, sustainability was initiated as an environmental protection act when the book
“Silent Spring” by Rachel Carson, talking about the negative effect of pesticides on the
environment, was published (Robertson, 2014). The trend of environmental concern was
maintained during the ‘70s with various movements, models and concepts that support
“no growth” philosophy (Kidd, 1992). Subsequently, the focus has changed to social
sustainability with concerns about equity and civil rights movements in the ‘80s. The idea
of sustainability as a complex concept, together with the sustainable development
concept, evolved from the Brundtland Report in 1987 when the most significant definition
of sustainable development was presented. The definition refers to sustainable
development as “development that meets the needs of the present, without compromising
the ability of future generations to meet their own needs” (Brundtland, 1987, p. 43).
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Figure 2. Sustainability timeline
The year when the definition of sustainable development was published is identified by
Waas et al. (2011) as the year when the period of major achievements starts and lasts until
1995. The ‘major achievements’ period initiated an idea about measuring sustainability
(in 1990) by developing an approach ‘Ecological footprint’. Since then, during the 1990s
and 2000s, there has been a noticeable professional focus on further measurements of the
progress towards sustainability (Robertson, 2014). Simultaneously, the 1990s and 2000s
were marked by some of the key events, such as a UN Conference on environment and
development, the so-called ‘Earth Summit’ in 1992 where Agenda 21 was adopted
(Creech, 2012). As a guidance document, Agenda 21 addresses the current problems and
prepares the world for the future challenges of environment and development (United
Nations Sustainable Development, 1992), such as achievement of equitable society,
improvement of health conditions, biodiversity protection, empowerment of under-
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represented groups, etc. (Sikdar et al., 2017). Additionally, Agenda 21 emphasized the
need for sustainability indicators by stating that “Indicators of sustainable development
need to be developed to provide solid bases for decision-making at all levels and to
contribute to a self-regulating sustainability of integrated environment and development
systems.” (United Nations Sustainable Development, 1992, chapter 40.4). The following
years kept the same objective, but by switching the focus to the social pillar of
sustainability. That is especially emphasized by the World Summit for Social
Development in 1995 when the international community committed to eradicating
absolute poverty (Creech, 2012). Social sustainability, thus, started to be recognized as a
significant part of sustainability. Consequently, in 1997 the UN General Assembly held
the Earth Summit +5 where the progress of implementing Agenda 21 was evaluated
(Robertson, 2014). As the evaluation showed uneven progress, world leaders gathered in
2000 and agreed on measurable UN Millennium Development Goals that should be
achieved by 2015, where social issues such as poverty, health, and discrimination are of
main concern (Giovannoni and Fabietti, 2013).
Further actions included the World Summit on Sustainable Development in 2002
emphasizing social and economic issues (Drexhage and Murphy, 2010). The same year,
the Global Reporting Initiative (GRI) released their guidelines for reporting on economic,
environmental and social sustainability dimensions of organizations. With those
guidelines, GRI encompasses all sustainability dimensions with an aim to have a
transparent reporting that uses consistent and uniform metrics. Nevertheless, following
years again put the environment in focus, thus in 2005, the Kyoto Protocol entered into
force with an aim of greenhouse gas emission reduction (Creech, 2012). The year 2009
was prominent for the introduction of the concept of “planetary boundaries” with an
emphasis on environmental issues, such as climate change, ocean acidification,
stratospheric ozone depletion, inference with the global phosphorus and nitrogen cycles,
rate of biodiversity loss, global freshwater use, land-system change, aerosol loading, and
chemical pollution (Rockström et al., 2009). Significant improvements in access to safe
drinking water were made in 2012 when one of the Millennium Development Goal targets
was achieved. That is, access to safe drinking water was increased making that the world’s
population without access to be cut in half. Attention toward environmental sustainability,
with additional focus on social issues, is continued at the United Nations Conference on
Sustainable Development – Rio +20 held in the same year, 2012. It brought out the
agreement of the global community on making “green” economies by introducing
measures for clean energy, decent jobs and sustainable use of resources (Creech, 2012).
The document created in Rio +20 was ratified by the UN General Assembly in 2013.
Subsequently, the most recent key event was the Paris Summit in 2015, where States
Parties of the Paris Agreement adopted a global climate agreement to limit global
warming below 2 °C (United Nations Climate Change, 2017).
Based on the foregoing, it is evident that the environment was the core subject of majority
summits and conferences, covering the period from the 70s to present. Meanwhile, the
social pillar was slowly gaining recognition and thus taking over the lead role in today’s
sustainability research. Even with such increased interest, understanding and clear
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definition of social sustainability is still missing. Two main impediments can be
identified, that is theoretical and practical. Theoretical concerns with a definition and
understanding of the concept, while practical engages with the integration of social
sustainability into sustainability framework, and thus allowing practitioners easier
communication, decision-making, measurement and assessment of current social
sustainability conditions (Boström, 2012). Accordingly, the present focus should be on
the social pillar of sustainability and the possibility to measure it. The quantitative
character of indicators helps in easier decision making (Taticchi et al., 2015), by
supporting policy making, helping to define targets and enabling easier comparison –
both, periodically and/or between processes (Popovic et al., 2018).
Due to its complexity (which can be noticed from the sustainability timeline as well), a
unique definition of sustainability, and particularly social sustainability, doesn’t exist.
Consequently, the most commonly used concepts and definitions of sustainability are
introduced in the following section.
2.1.2

Concepts and definitions

Regardless of the vast variety of definitions, sustainability still remains ideal and one of
the most important concepts (Holden et al., 2014). In many instances, sustainability and
sustainable development are used in a way that indicates their common meaning, i.e.
interchangeably (Ahi and Searcy, 2015). That is particularly visible when defining
sustainability, as many accept the Brundtland sustainable development definition as the
definition of sustainability. However, the term of sustainability can be understood as
value-neutral, meaning that it includes a balance between social, economic and
environmental aspects (Figure 3) (Rankin, 2014). Sustainable development can be
understood as a process towards achieving sustainability as an end state (Roland, 2000;
Ahi and Searcy, 2015).
Apart from the most commonly used definition from the Brundtland Report, sustainability
has been defined differently by different scholars and national and international
organizations and initiatives. For instance, Costanza et al. (1991, p. 8) define
sustainability as “a relationship between dynamic human economic systems and larger
dynamic, but normally slower-changing ecological systems, in which 1) human life can
continue indefinitely, 2) human individuals can flourish, and 3) human cultures can
develop; but in which effects of human activities remain within bounds, so as not to
destroy the diversity, complexity, and function of the ecological life support system.”.
Apart from them, Starik and Rands (1995, p. 909) define the sustainability as “the ability
of one or more entities, either individually or collectively, to exist and flourish (either
unchanged or in evolved terms) for lengthy timeframes, in such a manner that the
existence and flourishing of other collectivities of entities is permitted at related levels
and in related systems.” Looking at the definitions of sustainability, it can be noticed that
they all differ in scope, i.e. some focus on environmental sustainability, while others focus
on a combination of two (environmental and economic), and there are some focusing on
all dimensions of sustainability (environmental, economic and social). The latter is
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defined by ISM (2018) as “The ability to meet current needs without hindering the ability
to meet the needs of future generations in terms of economic, environmental, and social
challenges.”
Even though sustainability was often described as ecological because the main concern
was the ecological aspect providing the basis for life (Lee and Huang, 2007), from the
aforementioned definitions it can be noticed that sustainability requires integration of
three dimensions – social, economic and environmental. Such a concept, that emphasizes
the inability of reaching environmental sustainability without involving social and
economic dimensions, is known as a triple bottom line and it was first introduced by
Elkington (1998). The triple bottom line (3BL, Figure 3) as well doesn’t have a unique
definition, but it represents the concept where social, environmental and economic
dimensions are equally integrated to show a company’s performance (Birch et al., 2003).

Figure 3. The current state of sustainability aspects vs. ideal state of balanced
sustainability aspects (3BL)
The concept of 3BL also can be understood as the “company’s approach to administering
the economic, environmental, and social extent of its actions” (Sitnikov, 2013, p. 95).
This representation of 3BL is a good theoretical base, but in reality, its application is not
that simple. Namely, “while the appeal of TBL integration cannot be discounted,
managing the trade-offs between the three legs of sustainability remains a challenge”
(Jamali et al., 2006, p. 812). Until now environmental and economic dimensions were
gaining more attention than the social dimension of sustainability (as illustrated in figure
3), thus leaving the 3BL concept incomplete, and open for further improvements.
Therefore, the focus in the past decade has shifted to the understanding and definition of
social sustainability (Missimer et al., 2017).
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2.2

Social sustainability

The widespread opinion about social sustainability states that this aspect is the least
developed and least addressed by both researchers and companies. Consequently, social
sustainability lacks strong and unique definitions, together with appropriate assessment
methods. Indeed, Colantonio (2011) argues that social sustainability has often been
oversimplified and that the clear definition of social sustainability as an independent
aspect is missing. As a result, there is an absence of consensus about which aspects should
be addressed in social sustainability (Colantonio, 2011). Hence, Ajmal et al. (2018)
identified that the selection of aspects of social sustainability is influenced by the author’s
preferences. Some of the identified aspects are basic values of equity and democracy,
basic needs, social justice, equity, cultural diversity, social capital development, etc. The
cause for such a variety of aspects can be seen in the fact that social dimension is often
guided by the current political situation, firm’s strategy, culture, etc. (Yawar and Seuring,
2017). Another relevant characteristic is susceptibility to the changes of definitions
depending on the study perspective (Colantonio, 2011; Ajmal et al., 2018). That
characteristic can be observed from the following definitions, where each author
emphasizes specific social sustainability criteria. Littig and Griessler (2005), for instance,
approach social sustainability from a general viewpoint by emphasizing the relationship
between society and nature, while satisfying human needs including both basic needs
(food, housing, clothing, etc.) and extended needs (education, recreation, social
relationship, etc.):
“Social sustainability is a quality of societies. It signifies the nature-society relationships,
mediated by work, as well as relationships within the society. Social sustainability is
given, if work within a society and the related institutional arrangements
•
•

satisfy an extended set of human needs
are shaped in a way that nature and its reproductive capabilities are preserved
over a long period of time and the normative claims of social justice, human
dignity and participation are fulfilled.” (Littig and Griessler, 2005, p. 72) .

Similarly, Rajak and Vinodh (2015) focus on a broader meaning and say that “Social
sustainability is how communities, societies and individuals live; it is about equity and
basic needs. It deals with working conditions, human rights, participation, fair wages and
cultural diversity.” (Rajak and Vinodh, 2015, p. 1184).
When looking into a community-process relationship without relation to environmental
or economic issues, Mckenzie (2004) sees social sustainability as “ a positive condition
within communities, and a process within communities that can achieve that condition.”
(Mckenzie, 2004, p. 12).
Unlike the aforementioned, Labuschagne et al. (2005) define social sustainability as a
dimension that is “concerned with the company’s impacts on the social systems in which
it operates, as well as the company’s relationship with its various stakeholders.”
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(Labuschagneet al., 2005, p. 378), thus clearly showing approach to social sustainability
form process industry perspective.
Nevertheless, there is a clear need for understanding the concept of social sustainability,
primarily because there is no agreement on what criteria and approach should be used
when defining social sustainability (Staniškienė and Stankevičiūtė, 2018), but also
because stakeholders are becoming more aware of the possible negative impacts of
processes and businesses (Brent and Labuschagne, 2006).
Guided with information that social sustainability is addressed differently depending on
the field of the study, this dissertation introduces and presents an approach of defining
social sustainability aspects and indicators with a focus on process industry.
Consequently, further sections will introduce the current state of social sustainability in
the process industry, particularly in supply chains and the wastewater treatment process.
2.2.1

Social sustainability in process systems engineering

Increased interest in sustainability caused the change in the engineer’s focus. Thus, from
technical and economic feasibilities, engineers should focus on sustainability aspects,
such as social, environmental and economic. This means that engineers should ensure that
the design of their products, processes, and systems follow the progress toward
sustainability (Wan Alwi et al., 2014). The same was observed by Bañares-Alcántara
(2010) where the author emphasizes the need for the extended interest of engineers to the
normative role (policy framing, decision-making, etc.). The definition that can be useful
for engineering decision-making was provided by (Bakshi and Fiksel, 2003):
“A sustainable product or process is one that constrains resource consumption and waste
generation to an acceptable level, makes a positive contribution to the satisfaction of
human needs, and provides enduring economic value to the business enterprise.” (Bakshi
and Fiksel, 2003, p. 1350).
Even with the existence of the three aspects of sustainability, the focus is nowadays
moved to the social aspect, primarily because it has often been neglected in the past but
also because of the increased pressures from stakeholders. In that sense, social
sustainability became one of the leading aspects of research in recent years. Main
involvement of social sustainability in the process industry is related to sustainability
reports, as they are part of the evidence that the process is moving towards or away
sustainability.
The focus of this dissertation is supply chains and the wastewater treatment process. It is
motivated by the fact that stakeholders are becoming more aware of the possible social
impacts along the supply chain. However, general social sustainability indicators in
comparison to specific indicators may omit relevant information of a specific process
(Mckenzie, 2004; Popovic and Kraslawski, 2015). Thus, this dissertation is also providing
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insights for evaluating the social sustainability of a particular process – wastewater
treatment.
Social sustainability in supply chains
Sustainability in supply chains can be understood as an improvement of the social,
environmental and economic issues through product/service lifecycle (Grzybowska,
2012). Thus, the achievement of sustainability cannot be managed without involving
economic and societal approaches that incorporate supply chain management (Glavič and
Lukman, 2007). The definition of supply chain management puts a customer into the
focus by indicating that the main purpose is “…to satisfy customer requirements as
efficiently as possible” (Oliver and Weber, 1982). Moreover, different stakeholders have
different requirements (Yawar and Seuring, 2017), thus it is not surprising that they
nowadays play a crucial role when the company is making business. This means that the
company should satisfy the needs of stakeholders, not just by providing them a good
product/service but also by proving that they are on the path of sustainable development.
Consequently, if companies want to achieve sustainability, they should consider their
impact through the whole supply chain (Mota et al., 2015), together with the involvement
of all dimensions of sustainability in their evaluation processes (Mani et al., 2015).
However, by recognizing the increased focus on profitability and its harmful influence on
people and social sustainability (Mani et al., 2016), there is a growing need for
consideration of social issues by organisations and researchers. Yet, the literature on
sustainability in supply chains remained limited and it has rarely paid attention to social
aspects (Seuring and Müller, 2008; Vachon and Mao, 2008).
Some of the authors, such as Klassen and Vereecke (2012) identified three questions that
should be imposed when characterizing social sustainability in supply chains, namely:
who, what, and how. ‘Who’ usually refers to stakeholders, while ‘what’ considers issues
and problems that should be addressed. And finally, the way of identifying stakeholders
and addressing issues is considered with ‘how’ question, i.e. with an approach that
enables management of social sustainability issues in supply chains (Klassen and
Vereecke, 2012). Eventually, the key message that can be drawn is the need for
identification of social sustainability issues and aspects, together with an ability to
manage them. Usually, management of the issues includes their description by indicators
followed with a choice of metrics that give the value to indicators (Chee Tahir and Darton,
2010). In that way, evaluation and monitoring of the social sustainability performance
can be achieved. However, challenging and complex nature of social issues triggers
difficulty in measuring social performance (Yawar and Seuring, 2017), making supply
chain – social sustainability link a demanding task (Vachon and Mao, 2008).
This suggests that further research is urgent and required and it shouldn’t only cover the
domain of social sustainability, rather it should include the development of methods that
can enable evaluation and the assessment of the social sustainability of supply chains.
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Social sustainability in the wastewater treatment process
Even though the success of wastewater treatment is reflected in the collection of
wastewater with adequate treatment, there are other issues that should be taken into
account when assessing sustainability (Marques et al., 2015). Thus, impacts such as the
increase of diseases and poverty require development and improvement of the appropriate
wastewater treatment process (Muga and Mihelcic, 2008). But that cannot be done just
on the basis of technical characteristics; rather, it should include social activities around
it as well (Muga and Mihelcic, 2008). It means that the improvement of certain
wastewater treatment processes firstly should involve evaluation of the current situation.
That is, the sustainability of the wastewater treatment process should be
assessed/measured.
The measurement of the sustainability of service systems including the wastewater
treatment industry dates back to the 1990s (Molinos-Senante et al., 2014). Yet, there is
no general agreement on the definition of sustainability except that it should balance
social, environmental and economic aspects of sustainability (Muga and Mihelcic, 2008).
However, the vast variety of environmental and economic indicators that have been used
for decades in wastewater treatment exclude social sustainability (Lundin et al., 1999).
Considering all previous statements, and the need for industry-specific indicators, this
dissertation is focusing on the development of the indicators that are suitable for the
evaluation of the social sustainability of wastewater treatment processes.
Nevertheless, one should consider and evaluate already existing methods and tools for the
social sustainability assessment and understand their shortcomings. Therefore, the
following section will make a brief overview of the existing methods for the social
sustainability assessment.
2.2.2

Methods for assessing social sustainability

The social sustainability assessment is one of the crucial issues implying that one can get
the meaning of the concept by developing appropriate measures, i.e. indicators.
Accordingly, measures help in determining how the business is handling social
sustainability, either good or bad (Hutchins et al., 2019). And such a measurement should
be in the way that scientists can support it and the rest of the society can agree on it
(Engelman, 2013). Apart from that, the good measurement can help engineers in creating
mathematical models that are able to determine and predict system behaviour (Subahas
et al., 2017).
Some authors, such as Raworth (2014), compare sustainability indicators with a pilot’s
compass. Like pilots, we also need indicators that will show us a course which leads to
sustainability (Raworth, 2014). Moreover, Parkes et al. (2012) argue that indicators
simplify the assessment, help in summarizing needed information and enable easier
communication with stakeholders. However, the establishment of indicators remains a
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challenge and “developing sustainability metrics will be an evolutionary process” says
Engelman (2013, p. 17). Thus, the existence of assessment methods and indicators for
social sustainability doesn’t mean that one should cease the further development of social
sustainability indicators. Especially as none of the existing methods and frameworks are
impeccable.
Noticeable are various ways of addressing social sustainability, from instructions on how
to enforce social sustainability to guidelines on how to evaluate social sustainability. To
distinguish the differences between the aforementioned, further sections will present
existing methods, guidelines, international policy frameworks and instructions for
assessing social sustainability. Thus, Figure 4 summarises the tools for social
sustainability assessment (Benoît and Vickery-Niederman, 2011), while the following
paragraphs will address their role in social sustainability.

Figure 4. Summary of the instruments for the social sustainability assessment (source:
Benoît and Vickery-Niederman, 2011)
International Policy Frameworks
The focus of the majority International Policy Frameworks is respect of human rights,
voiding the abuse by third parties, or the elimination of discrimination of any kind. For
instance, the role of “Protect, Respect and Remedy” Framework is:
•
•

Protection of human rights;
Respect for human rights;
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More effective juridical and non-juridical access to a remedy by victims (Human
Rights Council, 2008).

As such, the framework provides clear information and guidelines on who and for what
has the responsibility, together with guidelines on how to meet those responsibilities (Hill
and Lillywhite, 2015).
Unlike the above-mentioned framework, the ILO Declaration on Fundamental Principles
and Rights at Work includes four areas for achieving social sustainability at work, while
committing all states (regardless of their economic development) to protect and respect
the following principles: (i) freedom of association and collective bargaining; (ii) the
elimination of any kind of unwanted negative impact on labour; (iii) the elimination of
child labour; (iv) the elimination of employment and occupational discrimination
(International Labour Office, 2003).
Promotion and the respect of human rights and freedoms are defined in the Universal
Declaration of Human Rights while securing all people the universal and effective
recognition. These include the Member States and the territories under their jurisdiction
(United Nations, 2015). The Declaration consists of 30 articles that clearly define and
promote the universal protection of human rights.
Likewise, human rights remain the main concern in the 17 Sustainable Development
Goals that should be reached by involving various stakeholders such as governments,
private sectors, civil society as well as individuals. Apart from the integration of the three
dimensions of sustainable development, the achievement of gender equality and the
empowerment of all women and girls is the requirement as well (United Nations General
Assembly, 2015).
In addition to the above-mentioned conventions and declaration, some of many universal
instruments that relate to human rights are following: World Conference on Human
Rights and Millennium Assembly, the Right of Self-Determination, Rights of Indigenous
People and Minorities, Prevention of Discrimination, Rights of Women, Rights of
Children, Rights of Older Persons, Rights of Persons with Disabilities, Human Rights in
the Administration of Justice, Rights to Health, Freedom of Association, Right to Work
and to Fair Conditions of Employment, etc. (United Nations, 2002).
Principles and codes of conduct
These principles put human rights in their focus as well. Indeed, the ten principles of the
United Nations Global Compact originate from the Universal Declaration of Human
rights, the International Labour Organisation’s Declaration on Fundamental Principles
and Rights at Work, the Rio Declaration on Environment and Development, and the
United Nations Convention Against Corruption (UN Global Compact, 2000). Those ten
principles are distributed to cover human rights, labour, environment, and anti-corruption.
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In addition, the Code of Conduct serves to covers the issues of the Global Compact to
which are distributed ten principles. The Global Compact itself is a voluntary
international corporate citizenship network, that obligates its members (suppliers) to
integrate the Code of Conduct and apply and communicate it to the employees, parent,
subsidiary or affiliated entity, and subcontractors (United Nations, 2017).
Sustainability reporting frameworks and guidelines
Apart from the various conventions and principles that give instruction on how to respect
human rights and establish good conditions for social sustainability, there are also
frameworks which allow for reporting on it. Such frameworks are the Global Reporting
Initiative and UNCTAD Corporate Responsibility Indicators.
The Global Reporting Initiative (GRI) is one of the most acknowledged and widely used
reporting tools among organizations around the world. GRI is used for the sustainability
assessment of the organizations, and it provides full guidelines on how the reporting
should be done, including the complete list of sustainability indicators classified
according to three aspects – environmental, economic and social.
There are some steps that should be followed when conducting a GRI assessment and
they are summarized in Figure 5. Essentially, the sustainability assessment should be done
in accordance with the guidelines given by GRI, which is shown in Figure 5.
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Figure 5. Steps when conducting GRI assessment
Looking into social sustainability, GRI guidelines address it in such a way that it
comprises four sub-categories, where each sub-category consists of several aspects
containing a various number of indicators, as shown in Table 1 (GRI, 2013). Thus, for
instance, labour practice and decent work encompass 8 aspects and with that 16
indicators, human rights encompass 10 aspects and 12 indicators, while society includes
7 aspects and 11 indicators, and product responsibility 5 aspects and 9 indicators. The
indicators developed by GRI are of both, quantitative and qualitative character. The
advantage of these indicators and GRI guidelines is generality of the approach. It means
that GRI is meant to be used by all organizations, regardless their size, sector or location.
However, as being just a voluntary reporting tool, it doesn’t bind organisations to report
on all indicators. This further leads to the lack of transparency, as organisations can
choose what they want to show in their reports, i.e. they can show only positive outcomes
of their actions.
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Table 1. Social sustainability sub-categories and aspects included in GRI guidelines

Aspects (number of indicators in each aspect)

Aspects (number of indicators in each aspect)

Subcategory

Labour practice
and decent work

Human rights

Society

Product
responsibility

Employment (3)

Investment (2)

Local
communities
(2)

Customer health
and safety (2)

Labour/managemen
t relations (1)

Nondiscrimination
(1)

Anticorruption (3)

Product and
service labelling
(3)

Occupational health Freedom of
and safety (4)
association and
collective
bargaining (1)

Public policy
(1)

Marketing
communications
(2)

Training and
education (3)

Child labour
(1)

Anticompetitive
behaviour (1)

Customer
privacy (1)

Diversity and equal
opportunity (1)

Forced or
compulsory
labour (1)

Compliance
(1)

Compliance (1)

Equal remuneration Security
for women and men practices (1)
(1)

Supplier
assessment
for impacts on
society (2)

Supplier assessment Indigenous
for labour practices rights (1)
(2)

Grievance
mechanisms
for impacts on
society (1)

Labour practices
grievance
mechanisms (1)

Assessment (1)
Supplier
human rights
assessment (2)
Human rights
grievance
mechanisms
(1)

Theoretical framework

39

Unlike the GRI, which is meant to be used by the organisations, UNCTAD is a voluntary
technical aid for enterprises, investors, and regulators. UNCTAD guidance helps
enterprises in reporting on corporate sustainability indicators as part of their annual
financial reports by providing more information on non-financial contributions
(UNCTAD, 2008). The guidance follows four main points for the indicators’ application:
•
•
•
•

Background – why some indicator is selected and what is its relevance.
Definitions – clarification of the specific and unknown terms.
Compilation – instructions on how to calculate indicators.
Presentation and disclosure – additional notes on indicators’ reporting.

Apart from the four main points, the guidance focuses on the stakeholders, such as
investors, financial institutions, business partners, consumers, employees, local
community, civil society, governments and their institutions (UNCTAD, 2008).
As the stakeholders’ awareness raises, businesses and organizations are obliged to act in
a more ethical and transparent way that will improve their relationship with society and
the environment. ISO 26000 is exactly what provides the guidance to the businesses and
organizations to act in a more socially responsible manner. However, unlike the other ISO
standards, ISO 26000 provides guidelines (not requirements) to the businesses on how to
follow and improve their social sustainability, but it is not possible to certify it (ISO,
2010).
Nevertheless, the ISO 26000 assists organizations in contributing to social sustainability
by guiding them through seven clauses as shown in Figure 6 (ISO, 2010):
Clause 1
Clause 2
Clause 3
Clause 4
Clause 5
Clause 6
Clause 7

Scope
Terms and definitions
Understanding social responsibility
Principles of social responsibility
Two fundamental practices of social responsibility
Social responsibility core subjects
Integrating social responsibility throughout an organization
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Figure 6. The seven clauses of ISO 26000 (adapted from: ISO, 2010)
Multinational enterprises are subject to the OECD Guidelines for Multinational
Enterprises. These guidelines, as voluntary principles and standards, represent
recommendations addressed by governments to multinational enterprises. The aim of the
OECD Guidelines is to ensure that the enterprises work according to the government
policies, such as contribution to economic, environmental and social progress with an aim
of reaching sustainability, respect of human rights, co-operation with local community,
promotion of employee awareness and elimination of the discrimination of any kind, etc.
(OECD, 2008).
Auditing and monitoring framework
There are also auditing and monitoring frameworks that promote sustainable practice and
give guidelines on how to approach social sustainability. For instance, aim-progress is a
global initiative with a goal to promote responsible sourcing practices and sustainable
supply chains by (i) building supply chain capability, (ii) effectively assuring compliance,
and (iii) driving continuous improvements. Out of the four pillars included in the aimprogress initiative, two are focusing on social sustainability – human rights and labour
standards, and health and safety (AIM-Progress, 2018).
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The role of the Global Social Compliance Programme is to gather existing best practices
and harmonize them to give an approach for improvement and preservation of beneficial
working and environmental conditions in supply chains. It is done in six steps:
•
•
•

•

•

•

Reference code – gather best practices and show what best practice looks like
Audit process and methodology – the creation of a common audit process to
avoid duplication
Auditing competence – ensuring a relevant level of competence, enhancement of
professionalism and quality of audits and reliability of results, minimization of
inconsistency
Companies’ and Schemes’ Management System – enhancement of the
understanding, transparency, trust, and alignment with a best practice in each
system
Data sharing – helps in improving transparency, gaining better and wider
knowledge, better planning and remediation, as well as the development of the
protocols for data sharing and ownership
Remediation and capacity building – the building of the relevant tools, with an
open discussion and exchange of experience on common issues (GSCP, 2010).

This means that the role of the Global Social Compliance Programme is not to provide
certification, neither to substitute already existing initiatives or monitoring schemes.
Social Accountability International (SAI) and the International Financial Corporation
(IFC) created a handbook and toolkit that helps IFC-invested companies to improve their
labour standard performance. Some of the main objectives of SAI/IFC PS2 are
establishment, maintenance and improvement of the worker-manager relationship,
compliance with the national labour and employment law to have fair treatment, nondiscrimination and equal opportunities for all employees, eradication of child labour and
forced labour, and promotion of safe and healthy working conditions (Moss and Hwang,
2010).
Unlike the majority of frameworks that present guidelines and instructions on how to
monitor social sustainability, SA8000 is the social certification standard for factories and
organizations across the globe. With this certification, organizations are showing their
dedication to social sustainability by having fair treatment of the workers. It measures
social sustainability in nine areas: (i) child labour, (ii) forced labour, (iii) health and
safety, (iv) freedom of association and collective bargaining, (v) discrimination, (vi)
disciplinary practice, (vii) working hours, (viii) remuneration, and (ix) management
system (SAI, 2014).
Another initiative that provides guidelines and instructions for companies to confront
labour issues in their supply chains is the Business Social Compliance Index (BSCI). This
initiative provides one single code of conduct, and one single implementation system with
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various tools to support all retailers, importers, and companies for all types of products.
With this, the initiative is not providing any kind of certification or accreditation, rather
it provides social auditing methodology and report (Amifori, 2018).
Financial indices
Financial indices cover various tools and indexes that mainly use Environmental, Social
and Governance (ESG) data for their analysis. Such is the FTSE4Good Index Series, a
series of stock market indices that show interest in socially responsible investment around
the world. It includes real-time calculation of different indexes covering: US, UK,
Europe, Japan, Australia, Latin America (Ftse4Good, 2014). The inclusion into the
FTSE4Good Index Series is based on ESG Ratings, which contain over 300 indicators
across the 3 pillars and is based only on publicly available data. Social pillar addresses
customer responsibility, human rights and community, labour standards, and health and
safety (Ftse4Good, 2014).
The Vigeo Eiris group provides research on previously mentioned ESG ratings to
investors and public and private corporation. The methodology used in the Vigeo Eiris
group is based on six domains: environment, community involvement, business
behaviour, human rights, governance, human resources (Vigeo Eiris, 2018).
Dow Jones is another stock market index that gathers, analyses, quantifies and distributes
ESG data. It focuses on environmental, social and economic factors with over 600 ESG
indicators (RobecoSam, 2018). By using questionnaires, it weights and scores each
company, while including corporate citizenship/philanthropy, labour practice, human
capital development, social reporting, talent attraction, and retention, and certain
industry-specific criteria as social criteria (Benoît and Vickery-Niederman, 2011;
RobecoSam, 2018).
Unlike the above mentioned financial indices, that rely on stock market values, there are
other such as cost-benefit analysis that evaluates feasibility of a project or policy by
measuring social well-being, where “benefits are defined as increases in human wellbeing (or “utility”) and costs are defined as reduction in that well-being” (OECD, 2018,
p. 31). There are some basic stages that should be followed to carry out CBA: (i) opening
a question, e.g. what counts? who counts?; (ii) summing benefits and costs according to
the aggregation rule; (iii) valuing costs and benefits; (iv) discounting costs and benefits;
(v) determining risk and uncertainty; (vi) making a decision (OECD, 2018). The
advantage of such an approach can be seen in presenting results with the monetary unit
which allows for a clear presentation and objective decision-making. However, data
collection can be very complex with a difficulty to assess all effects.
Methods
Methods developed for social sustainability assessment have various roles, such as to
assess the social sustainability of products, evaluate a company’s influence on social
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sustainability or to evaluate the process. Thus, social life cycle assessment (S-LCA) is
developed as a supplementary method for the life cycle assessment (LCA), but it can be
used individually as well. The main purpose of the S-LCA is the assessment of the social
sustainability of products’ life cycles, from extraction to final disposal. It actually assesses
the impacts of the product’s life cycle on society, but it doesn’t provide a verdict whether
it should be produced or not (Bork et al., 2015).
The difference between S-LCA and other social sustainability assessment methodologies
can be seen in the scope and the objects that should be assessed. The objects of S-LCA
are product and service, and the scope is the whole life cycle (UNEP, 2009). Some of the
main characteristics of S-LCA are:
•
•
•
•
•
•
•
•

It is based on the ISO framework,
Needs a lot of data,
It is an iterative process,
Peer review is required concerning communication to the public or comparative
assertions,
Gives useful information for decision-making,
Doesn’t provide information on whether the product should be produced or not,
Conducts hotspots and data quality assessment,
Semi-qualitative, qualitative and quantitative data can be used (UNEP, 2009).

Figure 7. Basic steps in ISO framework
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As mentioned before the S-LCA is mainly based on the ISO framework, the main phases
of which are presented in Figure 7 (UNEP, 2009). The first phase includes defining the
goal and the scope of the study, including why the study should be conducted and who
will use the results, as well as defining what should be assessed. Another important issue
in this step is the involvement of stakeholders. This means that stakeholders should
participate in the process of goal and scope definition (UNEP, 2009). The second phase,
the life cycle inventory analysis, follows the goal and scope definition by collecting all
required data, modelling the systems and by obtaining results for impact assessment
(UNEP, 2009). Obtaining data and results passes to a life cycle impact assessment. In this
phase, data is classified according to subcategories and impact categories, and inventory
indicators are determined and calculated (UNEP, 2009). The final phase includes
presenting the report with analysed results, the main recommendations, and conclusions
of the study.
Despite the clear definition of the phases of S-LCA framework there are still some
challenges that remained until now:
•
•
•
•

Choosing the appropriate indicators from a large number of existing indicators
(Kloepffer, 2008)
Proper quantification of the impacts (Kloepffer, 2008)
Lack of databases (Martínez-Blanco et al., 2014)
Data collection is time demanding and quite often not feasible (Martínez-Blanco
et al., 2014)

Unlike the Social-LCA, the role of OXFAM Poverty Footprint is to assess and understand
how companies influence the society and the people living in poverty. It improves the
transparency of the company and helps it understand business risks and present
opportunities. Five key areas that are covered with the OXFAM Poverty Footprint are
value chains, macro-economy, institutions and policy, social implications of
environmental practices, and product development and marketing (Oxfam International,
2009).
Another tool developed in cooperation of Badische Anilin & Soda-Fabrik (BASF)
company and academic research institutions is the BASF SEEBALANCE. It is a tool that
evaluates product and processes by evaluating LCA, Life Cycle Costing and Impact on
Society (Schmidt et al., 2004).
Looking into all the presented frameworks, methodologies, and guidelines, it is noticeable
that there is a vast variety of approaches to social sustainability assessment. Some are
providing certification, some allow ranking on the global level, while others give
guidelines on how to follow and assess social sustainability. The common things for all
tools are the aspects that should be covered with social sustainability (as illustrated in
Figure 4), such as human rights, labour practice, society, etc. Rarer are those that provide
quantitative indicators for those aspects and that require companies to report on them,

Theoretical framework

45

allowing for easier comparison and monitoring. For instance, even though most
organizations are using GRI as a primary reporting tool, there is one major drawback.
Namely, the GRI gives the opportunity to organizations to choose indicators on which
they will report. And with that, organizations can avoid transparency, i.e. they can report
only on the issues which are showing good results.
It is evident that there is no universally accepted methodology and set of indicators which
rely on current theory, mostly due to the vagueness of the concept, various ways of
concept characterisations, and ambiguity related to terminology, data and measurement
methods (Parris and Kates, 2003). Such a condition emphasizes the need for further
development of indicators that will characterize social sustainability by linking social
impacts of business/process/organisation with society in which it operates. In that manner,
indicators give information about their impacts. Especially significant are quantitative
measures, mostly because there is a lack of quantitative indicators and there is no clear
consensus on their usability (Hutchins et al., 2019). Besides that, quantitative indicators
are suitable for the value comparison, identification of hotspots, level indication, and
rating of social sustainability. Also, their advantage is noticeable through the possibility
to use them to track and report on social sustainability performance (Ajmal et al., 2018).
This allows decision-makers to make an easier decision and track social performance, by
identifying critical aspects and issues and further selecting an appropriate solution
(Popovic and Kraslawski, 2018).
The aforementioned analysis clearly indicates the need for further development of
methods and indicators for social sustainability assessment, that will entail current
research approaches and findings and use them as a base and support. Therefore, the
motivation of this dissertation is to primarily use a literature review as a source of
information and, thus, fill gaps that accompany social sustainability and its assessment.

47

3 Research methodology
This section describes the overall research methodology and the research goal, followed
by a data collection.

3.1

Research approach and the research goal

The process of literature review gave great insights into the existing research problems in
the field of social sustainability. This is especially useful because the selection of the
research approach was based on the research problems.
It was mentioned previously that many studies focus on social sustainability, its
assessment, and formulation. Yet there are several issues that should be considered when
addressing social sustainability. First is the problem with the assessment of social
sustainability. Namely, the existence of many assessment methods doesn’t enable a
complete evaluation of a different aspect of social sustainability. This means that there is
still a lot to be done to improve understanding and approach social sustainability (e.g.
aspects that should be addressed). The second issue concerning social sustainability deals
with indicators, i.e. their possibility to be presented in a quantitative way. Thus, the
research approach was guided by the aim to address previously mentioned issues, i.e. to
provide an approach and indicators that will ensure quantification of social sustainability
in the process industry.
Selection of research methods was changing through publications. A mix of research
methods was used in this dissertation; thus, each publication was based on a different
methodology (Figure 8). As illustrated in Figure 8, the dissertation was based on 6
methods: (i) thematic indicator development, (ii) empirical analysis, (iii) bipartite
network projection, (iv) literature review, (v) content analysis, (vi) analysis of variance
(ANOVA). While the explanation of each method is included in individual publications;
this section will show the goal and objective of the aforementioned methods in relation
to individual publications.
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Figure 8. The methods applied in the dissertation
Each of the mentioned methods had a significant role throughout this dissertation. For
instance, the development of the indicators was based on thematic indicator development
(publication II) and literature review (a publication I, III, and IV).
Thematic indicator development is a methodology introduced by the United Nations
Commission on Sustainable Development (UNCSD, 2001), where the emphasis is on the
significance of the sustainability assessment through the indicators. The goal of this
approach is to group indicators in accordance with the various issues linked to sustainable
development (DESA, 2007) as outlined in Figure 9.

Figure 9. Illustration of the thematic indicator development
Further development and selection of suitable indicators should be according to the
following characteristics:
•
•

To be scientifically based
To be transparent, i.e. understandable also by non-experts
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To be relevant, i.e. that they are covering curtail aspects of sustainability
To be quantifiable, i.e. based on existing data
To be limited in number (Muga and Mihelcic, 2008).

As mentioned, another way of developing indicators was done based on a literature
review that gives great insights on which social sustainability assessment methods exist
and allows for a deeper understanding of gaps that should be filled. Moreover, already
analysed literature presents a solid basis for further development of indicators by
identifying aspects of social sustainability and their relatable impacts. Existing
methodologies are analysed, integrated and upgraded to fulfil the needs of the effective
indicator. That is, the effective indicator should be relevant, easy to understand, reliable,
quantifiable and based on accessible data (Popovic et al., 2018).
The development of the indicators is followed by their validation, which is performed by
empirical analysis and content analysis. Namely, the role of empirical analysis in
publications I, II and IV was to use secondary data (from sustainability reports and GRI
reports) to calculate developed indicators. It means that the empirical analysis is used to
validate existing indicators by performing a calculation based on the proposed
formulation. Unlike that, the objective of the content analysis, in publications III and IV,
is to show how the subjects covered with indicators are accounted by the companies that
are part of the supply chains. The validation through content analysis shows accessibility
of indicators (Popovic et al., 2018), i.e. whether indicators are addressed in the
companies’ reports.
Ongoing interest of stakeholders into the process, such as services provided by the
process, quality of the operation, safety issues, etc., as well as the possible impact of
echelon levels of the supply chain on social sustainability indicators (Popovic and
Kraslawski, 2018; Popovic et al., 2017; Popovic et al., 2018), indicate significance of
stakeholder and echelon relationship with indicators. Consequently, bipartite network
projection of the stakeholder-indicator relationship enables weighting and prioritization
of the indicators in publication I. Whereas, ANOVA allows for analyzation if the supply
chain’s echelon level influences the relevance of the social sustainability indicators in
publications III and IV.

3.2

Data collection

Data collection for each publication was performed through openly available data. This
means it used secondary data that is defined as datasets “which were not collected for the
purpose of scientific hypothesis being tested” (Trinh, 2017, p. 163). Secondary data
analysis increased over the past 20-30 years and its usage has been encouraged by
universities, professional practitioners, and government agencies (Windle, 2010). The
advantage of secondary data collection is ease of accessibility, time and resource saving,
which gives more time for analysis of the data. Another advantage is the breadth of the
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data available (Vartanian, 2011), as well as the possibility “to test new ideas, theories,
frameworks, and models of research design” (Johnston, 2014, p. 624).
Sources of secondary data can be surveys, databases of companies, published or reviewed
articles, organisational records, etc. (Windle, 2010). The data for this dissertation was,
thus, derived from the sustainability and GRI reports published by individual companies,
and based on the previously clearly defined criteria. For instance, publications I and II
use data from the sustainability reports of wastewater treatment companies, while the data
for publications III and IV was derived from the GRI reports.
To ensure the valid and systematic process of data collection, reports were collected by
respecting predefined rules. Rules are set in such way to ensure that secondary data covers
the topic under research (fit the research question), is using the language of a researcher,
and it's easily available (Hox and Boeije, 2005). Thus, choosing reports of wastewater
treatment companies was based on the following:
•
•

Identify the most common capacity of the plant
To ensure easier comparison, choose one plant that has systematic reports that
are available for five consecutive years (Popovic and Kraslawski, 2018).

On the contrary, the selection of GRI reports was based on the following rules:
•
•

•

3.3

GRI reports should follow the same principles and processes of GRI guidelines,
i.e. they should be G3.0 and G3.1 version
Reports should be from companies belonging to all echelons of supply chain and
based on ranking in The Sustainability Yearbook listed in Dow Jones Global
Index
To ensure easier comparison, reports should be written in English and be standalone reports (Popovic et al., 2017; Popovic et al., 2018).

Limitations of the study

Although the aims of this dissertation were achieved, there were some unavoidable
limitations. Due to time constraints and lack of connections with industry, it was not
possible to check the applicability of developed social sustainability indicators in reality,
i.e. to use primary collected data. Thus, validation and the applicability of the indicators
was tested by using secondary data such as annual reports and sustainability reports.
Although secondary data has its advantages, such as ease of accessibility, reduced costs,
and reasonable time consumption, there are some unavoidable limitations. Namely, the
data of secondary sources is collected by a person other than a researcher conducting the
study, meaning that the data can be incomplete, i.e. it is not always possible to obtain
adequate data. In this dissertation, the absence of data is visible from the empirical
analysis applied in publications I and IV when it was necessary to collect quantitative
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values for the calculation of the indicators. Nevertheless, the incomplete database doesn’t
indicate lack of data quality, rather it shows already mentioned the complexity of social
sustainability and its underexplored character. This shortcoming goes hand in hand with
an absence of databases that could otherwise help in more advanced validation of the
proposed approach. Currently, secondary data allows determination of the applicability
of indicators, but it doesn’t allow execution of the complete social sustainability
assessment.
Such limitations can be overcome in the future by creating an open database, which would
be regularly updated. Additionally, improving the communication between academy and
industry would provide real usage of the social sustainability indicators (e.g. performing
a case study with primary data) and thus enable their better and faster integration, as well
as their improvements and better alignment with the industry.
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4 Overview of the publications
An overview of the publications is included in this chapter. It summarises the objectives,
findings, and contributions of individual publications included in this doctoral
dissertation. The overall purpose of the dissertation has been to address the issues related
to social sustainability, by producing quantitative and clearly defined indicators
appropriate for the social sustainability assessment of supply chains and individual
process (wastewater treatment).
The aforementioned purpose is accomplished by throughout connection of individual
publications. Thus, a publication I represent an introduction to the field of social
sustainability by exploring existing assessment methods. The outcome of publication I
triggers a question whether there is a need to develop industry/process specific or general
indicators (Popovic and Kraslawski, 2015). Following the further conclusion of
publication I, which says that system specific indicators are more suitable for the social
sustainability assessment, publication II presents the development of the social
sustainability indicators for the specific process - wastewater treatment. Nevertheless,
when dealing with the complex system such as supply chains, publications III and IV
incorporate the findings and conclusions of publications I and II, by emphasizing the
equal need for both, general and system/process specific indicators.
Additionally, the dissertation gives the basis of the framework for the indicator’s
classification according to the three levels – (i) whole supply chain; (ii) its three echelons
(upstream, midstream, downstream); (iii) individual processes. Also, it introduces a novel
approach for the indicators’ prioritization based on their relation to stakeholders.

4.1

Publication I – Social sustainability of complex systems

Research objective
This publication is a book chapter that enlightens the existing methodologies for social
sustainability assessment and proposes a set of quantifiable indicators for the evaluation
of the social sustainability of complex systems. To do so, it integrates a brief review of
already existing frameworks and guidelines for social sustainability assessment, such as:
social impact assessment; social life cycle assessment; and global reporting initiative.
This publication discusses the possibility and role of using quantitative indicators in terms
of the social sustainability assessment of complex systems.
Main contribution
As it discusses the existing frameworks and guidelines and builds upon existing
methodologies, this publication contributes to the field by proposing a novel set of
indicators that can enable quantification of social sustainability. By doing so, it answers
the research question: how can the social sustainability of complex systems be assessed?
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Further, it highlights the need to develop a novel way of assessing complex systems’
social sustainability.
The primary contribution is reflected in the way of presenting indicators, i.e. indicators
presented in this publication are quantifiable, which is usually the main drawback of
social sustainability indicators. Moreover, it also discusses a need for process/system
specific indicators that can encompass all relevant impacts on social sustainability.

4.2

Publication II – Quantitative indicators of social sustainability and
determination of their interdependencies. Example analysis for a
wastewater treatment plan

Research objective
This publication contributes to the literature by adopting an issue/theme-based framework
for the development of social sustainability indicators. This framework allows the
selection of sustainability-related issues and further development of the
measures/indicators related to the previously defined issues. Moreover, this paper
integrates the empirical application of the proposed indicators and identification of their
interdependencies. Thus, it suggests a novel approach for the prioritization and
simplification of the set of social sustainability indicators.
Main contribution
The contribution of this paper is twofold. First, it proposes a set of indicators that allow
quantitative assessment of the wastewater treatment plant’s social sustainability,
particularly health, safety and security, and comfort aspects. Secondly, by applying
bipartite network projection to the stakeholder-indicator match, one can make
prioritization of the indicators, i.e. a set of social sustainability indicators that can be
simplified and thus the costs for the assessment reduced.
The particular value of this paper is that it doesn’t limit the assessment of social
sustainability entirely to the presented indicators; rather, it proposes an approach for
periodical monitoring and how it moves towards the goal – social sustainability. Further,
managerial implications are reflected in the possibility to use the proposed indicators in
“real-life” situations, what is presented in the example of indicators’ usage by applying
the data from North Toronto Wastewater Treatment Plant. The example shows how the
values of the indicators were changing during the period of 5 years and, thus, one can
identify critical indicators, i.e. indicators which were moving away from social
sustainability. Further, decision-makers can make corrective measures based on the
information given by indicators.
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Moreover, due to the high costs of getting data, managers can use the proposed method
(bipartite network projection) to prioritize the indicators and thus reduce the amount of
needed data, and with that reduce the costs.

4.3

Publication III – Quantitative indicators for social sustainability
assessment of society and product responsibility aspects in supply
chains

Research objective
This paper addresses the social sustainability of the supply chain by filling the gap in the
literature related to how the social sustainability of supply chains can be assessed. It also
extends the current understanding of social sustainability by providing a clear definition
for each aspect and indicator individually. To do so, it uses categorisation of the social
sustainability impact categories on (i) society, (ii) product responsibility, (iii) labour
practice and decent work, and (iv) human rights in combination with literature review,
content analysis and one-way analysis of variance. Due to the complexity of social
sustainability, this paper presents indicators particularly for the aspects of society and
product responsibility, while the remaining two aspects are covered in the following
publication (publication IV).
First, it starts with the selection of the social sustainability impact categories (society and
product responsibility) and relevant subcategories, for which the indicators are proposed
and defined. The validation of the indicators is done by applying the content analysis of
the 141 sustainability reports, while the examination of whether the indicators can be
characterized as generic (i.e. if they can provide the assessment of the whole supply chain
regardless the type of a product or a process) is done by one-way analysis of variance.
Main contribution
The contribution of this paper is threefold. First, it proposes a set of 24 quantitative
indicators appropriate for the social sustainability assessment of the whole supply chain.
Second, it proposes a clear definition, quantitative formula, and relevance for each
indicator while validating them through content analysis. Finally, it proposes a way of
classifying the indicators according to their usage, i.e. the indicators should be classified
as generic (the assessment encompasses the whole supply chain); echelon (the assessment
variates in relation to echelon levels – upstream, midstream, downstream); specific (the
assessment variates in relation to a particular industry sector).
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Publication IV – Quantitative indicators for social sustainability
assessment of supply chains

Research objective
This paper contributes to the field of social sustainability by allowing its assessment with
a set of 31 quantitative indicators for the evaluation of supply chains. As such, it presents
the second part of publication III as it covers the remaining two impact categories of social
sustainability, i.e. labour practice and decent work, and human rights. The paper fills the
gap in the social sustainability assessment of supply chains by providing a clear definition
of the social sustainability aspects with content and context information for each
indicator. To do so, it combines literature review, content analysis, analysis of variance
and empirical analysis.
Main contribution
The contribution of this paper cannot be summed up in one concept, as it combines several
methods that it lends to the field on different levels. First, it proposes a clear content and
context information of the set of social sustainability indicators. Second, unlike the
publication III, this publication introduces a different approach for indicators’ aggregation
throughout the supply chain and represents an upgrade in the process of developing
indicators where the share or contribution of each entity in the supply chain is taken into
account. Also, it makes additional validation of indicators by performing empirical
analysis and visualising the calculated values. The presentation of results in this way
enables decision-makers for easier recognition of ‘critical’ indicators, i.e. indicators that
require improvements. It means that the proposed approach and indicators can be used in
policy making, decision making and for the comparison and they can help in defining the
desired targets for social sustainability. Consequently, it is evident that the proposed
approach can be used for social sustainability assessment and periodic monitoring of the
supply chain, as well as the comparison of the progress between the different supply chain
entities.
Moreover, the validation of the indicators, together with their applicability, shows the
need for the three-level classification (as concluded in the previous publication –
Publication III). Different industries would need industry-specific indicators apart from
generic indicators applicable to the whole supply chain. Thus, indicators can be classified
as generic, echelon and specific.
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5 Discussion and concluding remarks
Based on the literature review and findings it was clear that social sustainability is
increasingly recognized as one of the main issues in the process industry, because of the
growing role of social issues in planning and operation of the industrial activities and very
limited research conducted in this field. Consequently, the purpose of this dissertation
was to explore social sustainability in the process industry and to propose methods and
indicators suitable for its assessment.
The conclusions resulting from this dissertation are presented in the context of answers
to the following research questions:
What are the methods that can be employed for the assessment of the social sustainability
of complex systems?
Exploring the social sustainability assessment tools that could be applied to complex
systems, brings out interesting findings. Several methods were identified, such as Social
Impact Assessment, Social Life Cycle Assessment and Global Reporting Initiative
(Popovic and Kraslawski, 2015). It was concluded that the existing methods are not fully
applicable and that there is a need for new methods. Also, the generality of the existing
methods has been questioned: i.e., should indicators be generalized (applicable to all
processes/systems) or should they be more specific (process/system specific)?
The main conclusion has been formulated that there is a clear need for new assessment
methods, or the principles and instructions of existing methodologies should be used
simultaneously by forming a novel comprised approach.
How can social sustainability of wastewater treatment processes be assessed in a
quantitative way?
By concluding that the social sustainability assessment of wastewater treatment processes
is lacking, especially its quantification, the aim was to develop suitable indicators. Their
development was followed by a conclusion that the various social sustainability aspects
need to be addressed, such as health, safety, equity, etc.
The desire to apply the developed indicators to certain wastewater treatment processes
led to the conclusion that they provide the monitoring of social sustainability, giving the
quantitative value to the concept. However, an incomplete database and insufficient data
needed for the calculation of the indicators and social sustainability assessment led to an
inability to calculate all indicators. Regardless of the lack of data, it was shown that
quantification of social sustainability with indicators is possible, and that the introduced
indicators are suitable for periodic monitoring and reporting on social sustainability.
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How can social indicators be prioritised based on their relationship with stakeholders?
The relevance of the stakeholders in social sustainability is widely accepted. Therefore,
the prioritization of the indicators based on their relationship with stakeholders represents
a crucial finding. Namely, use of the bipartite network projection showed that the
indicator-stakeholder relationship allows us to identify the indicators that are most
relevant for a given assessment. Such prioritization is even possible without input data
needed for the calculation of the indicators, meaning that the prioritization is based only
on the indicator-stakeholder relationship and not on the calculated values of the
indicators.
How can social sustainability of supply chains be assessed? What are the aspects and
quantitative indicators that should be used for the social sustainability assessment of the
supply chains?
While trying to answer this research question, it was noticed that the supply chain as a
complex system requires both generalized and process-specific indicators, i.e. the social
sustainability of supply chains can be assessed in a quantitative way by creating different
levels of indicators. That means that there should exist indicators addressing the social
impacts of the whole supply chains. Next, there should be indicators that will separately
address impacts for upstream, midstream echelon, and downstream echelons. And finally,
there should exist indicators developed specifically for a given type of process.
The overall conclusion of the study is that social sustainability can be quantified and thus
evaluated by using appropriate indicators that allow periodical monitoring, easy
comparison, and characterisation of social sustainability. However, it requires the
involvement of both industry and academy in the process of identifying and developing
indicators. Moreover, the stakeholder should also be involved in that process.

5.1

Contribution of the study

This study contributes to the field of social sustainability and process industry by
providing deeper insights into the evaluation of social sustainability. This dissertation
offers the method for the social sustainability assessment of complex processes grounded
on the use of quantitative indicators. Another important contribution of this work is the
novel approach for evaluation of the social sustainability of supply chains. Contrary to
the existing methods, addressing the social sustainability of supply chains in general, the
proposed approach enables sustainability assessment at all its levels including individual
processes, such as the wastewater treatment process. Moreover, proposed indicators can
be integrated into the development of the assessment model/tool.
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Future research topics

This dissertation offers a holistic approach to the quantification of social sustainability
thus providing its assessment in complex processes. The contribution of this study is
focused on the development and characterisation of measures and methods for the
assessment of social sustainability. However, as this study was focused on specific
activities of process industry (wastewater treatment process and supply chains), the
findings provide a limited assessment method and set of indicators. It means that the set
of indicators and proposed model, apart from the usability in performance assessment and
evaluation of social sustainability, can serve as a template that will be revisited
periodically and adjusted according to current trends and needs.
Furthermore, a plethora of topics that could be addressed are the incorporation of various
process specific indicators into the three-level concept or utilization of engineering
methods (e.g. multicriteria analysis) to make the aggregation of indicators. Additionally,
by recognizing drawbacks with the type and nature of available data (Vachon and Mao,
2008; Hutchins et al., 2019), the applicability of the proposed method in industrial
practice is of high importance together with validation through case studies, i.e. by using
primary data. This would allow more robust determination of the relevance of indicators
and it will show potential obstacles with data accessibility. One of the possibilities to
facilitate this process is the establishment of the open database. Therefore, incorporation
of the proposed method into process management software tools seems to be crucial.
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24.1 INTRODUCTION
The great majority of the systems resulting from natural evolution (atmosphere,
ocean, earth, etc.), social interactions (group, community, etc.), and engineering
activities (city, factory, market, etc.) can be classified as complex systems
(Li et al., 2004). Thus, it is not surprising that the interest for better understanding
of their functioning is incessant.
Even with the increasing interest in complex systems, their generally accepted
definition is still missing. Most commonly they are understood as sets composed
of large number of interconnected elements (agents) that create stable structures
thanks to their interactions (Mitchell, 2006). That actually means that describing
or understanding the function of one part of the system cannot give information
about the function of the whole system (Bar-Yam, 1997). Basic characteristics of
complex systems are
•
•
•
•
•

Unpredictable behavior,
Plethora of interconnections,
Emerging new type of behavior,
Synergy phenomena (inability to calculate it just by adding new elements), and
Ability of self-organization (Marczyk and Deshpande, 2008).

The above mentioned characteristics make complex systems closely related to social, technological, and natural processes (Sokolova and Fernández-Caballero,
2012), because there is always a risk that the difficulty of predicting behavior of complex systems will have a negative impact on society and human well-being (Brinsmead
and Hooker, 2011). Also, Misra et al. (2010) emphasize the importance of understanding the vulnerabilities of complex systems, as today’s society is reliant on their various
functions. Therefore, complex systems, as such, can have an impact on various social
sustainability aspects such as health, comfort, safety, etc. That motivates the need of
research for an assessment of social sustainability of complex systems.
Computer Aided Chemical Engineering, Volume 36. ISSN 1570-7946. http://dx.doi.org/10.1016/B978-0-444-63472-6.00024-0
© 2015 Elsevier B.V. All rights reserved.
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24.2 SOCIAL SUSTAINABILITY
It is generally accepted that the social pillar is one of the least addressed elements of
sustainability (Colantonio, 2011). And as it can be seen in Figure 24.1, social sustainability requires further development in order to be assimilated with environmental and economic sustainability and thus enable a detailed assessment of all
sustainability pillars.
The assessment of the sustainability is usually made using sustainability indicators, thus social sustainability indicators should address impact on the social systems
(Brent and Labuschagne, 2006). The main role of sustainability indicators is to
simplify the evaluation process and to enable easier use of the obtained assessments
by stakeholders, project engineers, politicians, etc. (Parkes et al., 2012). The existing
methods of social sustainability assessment are diversified and developed by many
organizations and researchers. Social sustainability can be assessed by using indicator frameworks, social impact assessment (SIA) guidelines, government actions,
socially responsible investment indexes, international standards and guidelines,
corporate social responsibility standards, etc. (Brent and Labuschagne, 2006). The
existing methodologies and frameworks are usually applying similar social impact
categories (Benoı̂t, 2010), for example, social sustainability comprises large set of
specific impact categories. Some of them are health, housing, security, empowerment, equity, human rights, etc. (Brent and Labuschagne, 2006). The high diversity
of the existing methodologies is a basis for the further presentation of the SIA, social
life cycle assessment (S-LCA), and global reporting initiative (GRI).

FIGURE 24.1
Three pillars of sustainability.

24.2 Social Sustainability

Table 24.1 Principles of SIA
Principle 1
Principle 2
Principle 3
Principle 4
Principle 5
Principle 6

Evaluate existing human environment, which could be affected by the
certain action, program, or policy.
Evaluate social sustainability aspects from human environment that could
be affected by certain action, program, or policy.
Identify methods that could be used for evaluation of impacts.
Collect data needed for making evaluation.
Verify that all social sustainability aspects are included in process of
evaluation.
Perform evaluation or monitoring of the certain action, program, or policy.

US principles and guidelines, 2003

24.2.1 SOCIAL IMPACT ASSESSMENT
Social impact assessment is developed as addition to the environmental impact
assessment (Benoı̂t and Vickery-Niederman, 2010). It is methodology that assesses
social sustainability by using qualitative and quantitative indicators useful for decision makers (Benoı̂t and Vickery-Niederman, 2010). Guideline for social impact
assessment is comprised of six principles, which are summarized in Table 24.1
(US principles and guidelines, 2003).

24.2.2 SOCIAL LIFE CYCLE ASSESSMENT
S-LCA is a social impact assessment methodology that focuses on life cycle activities that affect people (Dreyer et al., 2006). It is developed as an addition to life
cycle assessment (LCA) in order to include the social aspect of sustainability in
the LCA methodology (Jørgensen et al., 2008). However, S-LCA can be used individually without combining it with LCA. The phases in the S-LCA are derived from
the ISO14044 framework as
•
•
•
•

Goal and scope definition,
Life cycle inventory analysis,
Life cycle impact assessment, and
Interpretation (UNEP, 2009).

Stakeholder involvement is highly emphasized, and stakeholders play a crucial
role in the S-LCA methodology (UNEP, 2009). Therefore, indicators developed
for the evaluation in the S-LCA are phased according by the stakeholders (workers,
local community, consumers, society, and value chain actors) affected by the life
cycle activities. However, an extensive list of selected indicators does not exist,
because their use depends on the goal and scope of the study (UNEP, 2009).

24.2.3 GLOBAL REPORTING INITIATIVE
GRI is one of the sustainability reporting frameworks, which assess social, environmental, and economic sustainability. The scope of GRI as monitoring framework is
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process industry, which can make reports about their sustainability development.
It is the best known voluntary framework for sustainability reporting (Marimon
et al., 2012). The framework uses indicators for the assessment of the three pillars
of sustainability.
For social sustainability, the subcategories according to which the indicators are
sorted could be labor practices and decent work, human rights, society, and product
responsibility (GRI, 2013). The main purpose of GRI is to give information to stakeholders so they can make proper decisions about investments or purchase of certain
product. Another purpose can be seen in comparing results with other corporations
(Marimon et al., 2012).

24.3 SOCIAL SUSTAINABILITY OF COMPLEX SYSTEM
A common characteristic of previously presented assessment methodologies is the
inability to make a complete social sustainability assessment of complex systems
(UNEP, 2009). The same is stated in Agenda 21 (United Nations Sustainable
Development, 1992), that the policies for full assessment of the sustainability of
complex systems are still missing and that research actions should be focused on
developing assessment tools.
According to some authors, such as Babarenda Gamage et al. (2010), the assessment of sustainability of complex systems can be done by understanding characteristics of systems and their possible impacts on the various aspects of sustainability. If
none of the existing methodologies is able to allow for an evaluation, further development of a new model has to be performed (Babarenda Gamage et al., 2010). Based
on that approach, the steps in the social sustainability assessment of complex
systems can be presented as in Figure 24.2.

FIGURE 24.2
Steps in assessing social sustainability of complex systems.

24.4 Case Study

The new methodology can be developed by incorporating two or more existing
methods in order to encompass all properties and impacts of complex systems
(Babarenda Gamage et al., 2010).

24.4 CASE STUDY
Even with the high diversity of assessment methodologies a generally accepted
methodology for evaluation of social sustainability of complex systems is still
missing. This is because existing methodologies and frameworks are not fully developed and cannot encompass all characteristics of complex systems. Therefore,
further research and development on social sustainability is still needed.
Presented methodologies (SIA, S-LCA, GRI) can serve as the foundation for
further development of new methodologies for assessing social sustainability of
complex systems. Since the main tools for measuring social sustainability are indicators, their development is highly encouraged. The indicators should cover a high
range of impacts and be understandable for all stakeholders as crucial elements of
assessment of social sustainability.
For instance, social sustainability indicators can be developed and classified
according to aspects such as health, comfort, safety and security, social capital,
social equity, and social peace (Popovic et al., 2014). Popovic et al. (2014) addressed
the social impact in the context of sustainability by proposing a set of indicators. The
developed indicators have been used to enable quantitative assessment of social
sustainability of wastewater treatment facilities. The proposed indicators are
presented in Table 24.2.
The calculation and evaluation of the proposed indicators is performed on the
basis of the annual reports of various wastewater treatment plants (Popovic et al.,
2014). The detailed calculation is omitted in this chapter and the obtained results
are given in Table 24.3.
From the results obtained in Table 24.3 it can be inferred that the social sustainability indicators proposed by Popovic et al. (2014) can be used only for relative
evaluation of the process.
The same observations are obtained using methodologies and frameworks
presented previously (SIA, S-LCA, GRI). However, the difference between SIA,
S-LCA, or GRI and the approach used by Popovic et al. (2014) consists in the
fact that SIA, S-LCA, and GRI use general indicators, i.e., the social sustainability
indicators are not specifically developed for one type of the system. That kind of
approach could cause omission of some relevant impacts on social sustainability.
It can provoke the question whether it is better to develop and use generalized indicators or to make them system/process specific. However, analyzing the literature
one can easily see that various complex systems have influence on different aspects
of social sustainability. Therefore, the approach based on the use of system-specific
indicators appears to be more suitable to address the issue of a broader range of
impacts.
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Safety and security

Comfort

Violations

Health

Research and
development

Employee training

Scope of sludge
treatment

Onerousness

Scope of network

Vision

Social Sustainability
Indicator

Social Sustainability
Aspect
Shows concentration of
pollutants, which deviate from
concentration of pollutants
dictated by law (e.g., BOD,
TSS)
Presents the goal of the
wastewater treatment plant to
achieve certain cleaning
properties, by estimating
percentage of annual budget
allocated for vision
Shows percentage of
residents connected to
sewers
Shows occupied area by the
wastewater treatment plant,
as well as sewer pipe
durability by estimating
frequency of their change
Shows percentage of
activated sludge used in
agriculture, landfills, or
thermal disposal, etc.
Shows hours of training per
year and worker satisfaction
by the level of training
Shows number of projects
done in the wastewater
treatment plant within certain
time period

Indicator Definition

h of training/year;
% of workers satisfied with
level of training
No. of successful projects/
total no. of projects

e

h/year;
%

%

km2;
km/year

km2of occupied land;
km of sewer pipes
changed/year

% of treated sludge

%

%

e

Unit of Measure

% of households
connected to treatment

(Investment for vision/
annual plant budget) 100%

Concentration at the end of
process/concentration
dictated by law

Method of Evaluation

Table 24.2 Quantitative Social Sustainability Indicators for Wastewater Treatment Facilities
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Social peace (Popovic
et al., 2014)

Social equity (Popovic
et al., 2014)

Social capital (Popovic
et al., 2014)

Participativeness

Corporate
environmental
awareness

Responsiveness

Social compatibleness

Local affairs/autonomy

Fees

Efficiency

Subsidies

Customer value

Shows possibility for
stakeholders to be involved in
decision-making

Compares the price of the
treatment for customers and
industries
Shows existence/absence of
price variations among
different regions
Shows financial accessibility
to the treatment, by
estimating billing method for
the treatment
Shows ability of plant to react
on sudden hazard situations
Shows approach of different
companies/industries to the
treatment of its wastewater

Shows amount of water reuse
and for what purpose
Shows percentage of
subsidies from public
institutions that is used e.g.,
for improvement of process.
Shows the number of experts
exchange across sectors

Number of companies
(industries) treating their
own wastewater/total
number of companies
(industries) in community
Number of elections/total
number of new projects

Number of exercises/year

(price at certain distanced
minimum price)/price at
certain distance
V/m3 of wastewater or % of
income/m3

Number of experts in a
given organization/total
number of experts
Price for residents: price for
companies ¼ x:y

% of subsidies of total plant
budget

% of reused water

e

e

No./year

V ($)/m3 or %

e

e

e

%

%

24.4 Case Study
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Local affairs/autonomy
Social compatibleness
Responsiveness
Corporate environmental awareness
Participativeness

Social peace

Social equity

Social capital

Comfort

Safety and security

Indicator
Violations
Vision
Scope of network
Onerousness
Scope of sludge treatment
Employee training
Research and development
Customer value
Subsidies
Efficiency
Fees

Health

Social Sustainability
Aspect
0.11 (BOD); 0.24 (TSS)
93%
76.3%
630.54 km
1407 t
91.67% of satisfied workers
0.71
19% for irrigation
55.7%
Lack of data
Price for residents: price for
industry ¼ (8.50$ þ (3.46$/
1000 gallons)): ((8.50$ þ (3.46$/
1000 gallons)) þ surcharge fees)
0dsame price regardless of the distance
$/1000 gallons
96 work observations/year
Lack of data
1dstakeholders included in decisionmaking

Obtained Value (result)

Table 24.3 The Assessment of the Values of Social Sustainability Indicators

Rates and Fees (2013)
Rates and Fees (2013)
Annual Report (2011)
e
Assefaw et al. (2009)

Assefaw et al. (2009)
Assefaw et al. (2009)
e
Rates and Fees (2013)

Operations report (2012)

Source
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Abstract
Social impact as growing concern is becoming an important
aspect of the design and operation of wastewater treatment
processes. A need has arisen for the development of quantitative indicators of social sustainability. Design and operation
of wastewater treatment processes additionally require simple
and effective methods to represent and understand the interconnections between the indicators of social sustainability. This
paper presents an approach for the development of quantitative
social sustainability indicators, and introduces a novel method
for defining and visualizing indicator interdependence. It outlines equations for quantitative evaluation of health, safety
and security, and comfort. Weighting method of the bipartite
network of the relations between the indicators and stakeholders enables clear visualization of the interdependencies of the
indicators and facilitates simplification of the set of social sustainability criteria. It creates a basis for reduction of amount
of data needed for performing the analysis and reducing the
social sustainability assessment’s costs.
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1 Introduction
Reliable collection and treatment of wastewater contribute
greatly to improvement in global health and sanitation, and a
reduction in the spread of diseases [1]. Moreover, according
to Palme et al. (2005, p. 294) [2] “treatment of wastewater are
vital functions in any society”. Thus, sustainability – the design
and operation of human and industrial systems such that they
have minimal negative impact on society, environment and the
economy [1] – has become a major goal. It means that successful and sustainable wastewater utility shouldn’t only depend on
adequate treatment, but it should also consider the impacts of
their actions on the society and environment [3]. In that context, the assessment of the possible impacts can help in decision-making and in process of moving toward sustainability.
The crucial role in the impacts assessment have sustainability
indicators, as they enable measurement of the impacts and can
provide information about specific process [4]. Sustainability
measures for wastewater treatment processes were studied
by many authors, e.g. Balkema et al. (2002) [5], Muga and
Mihelcic (2008) [1] and Molinos-Senante et al. (2014) [6].
Balkema et al. (2002) [5] presented an overview of indicators
used for comparison of wastewater treatment systems, while
Muga and Mihelcic (2008) [1] provided indicators for holistic
assessment of the sustainability of wastewater treatment. They
came up with an explanation that there should exist method
which will enable evaluation of sustainability of wastewater
treatment technologies [1]. Molinos-Senante et al. (2014) [6]
attended assessment of wastewater treatment plants by using
economic, environmental and social indicators. In case of
Molinos-Senante et al. (2014) [6], social sustainability was
addressed by using qualitative measures for indicators such as
odors, noise, visual impact, public acceptance, and complexity.
Even though there are several attempts to address sustainability of wastewater treatment plant (WWTP), the social sustainability remained underexplored and with lack of assessment
methods as usual focus was on environmental and economic
aspects [7]. That is also stated by the Veldhuizen et al. (2015)
[8], where the authors claim that the methods and measurement
of social sustainability are not well developed. Nevertheless,
T. Popovic, A. Kraslawski

there are some methods that gained a lot of attention, such as
Social Life Cycle Assessment (S-LCA) and Global Reporting
Initiative (GRI). For instance, S-LCA selects crucial stakeholders in the life cycle of the product and evaluates the impact of
production related processes on the chosen stakeholders [9].
The scope of GRI as monitoring framework is not the full life
cycle, but rather it is a framework encompassing three pillars:
social, environmental and economic, and development of performance indicators suitable for evaluation of those pillars [10].
GRI indicators are mostly used for monitoring of the performance of organizations, and they are not industry specific, i.e.
any organization can use GRI indicators to make an evaluation.
The above-mentioned frameworks have been developed to
assess process industry in general, without specifying the type
of industry analyzed, i.e. chemical, pharmaceutical, petrochemical etc. The general nature of the frameworks results in certain
limitations, for example, the framework may not cover issues
specific to a particular process, and thus exist a need for focusing future research on developing process-specific indicators
[11]. It looks that the crucial role in developing process-specific
indicators have engineers. For instance, Bañares-Alcántara
(2010) [12] states that the domain of engineers’ competence
should be extended from the traditional areas of problem solving and the provision of technological advances to a normative
role implicit in policy formulation. Apart from the normative
role, “one of the most important tasks of the system engineer
is to understand interactions and interdependencies and ways
to manage them” claim Naser and Karmani (2012, p.4) [13].
Therefore the need for understanding interactions among social
sustainability indicators starts to be evident as it contributes not
only to deeper understanding of the phenomena of sustainability but also enables reduction of the costs of its assessment by
limiting amount of required data and information.
Consequently this research aims to address previously identified issues by introducing an approach that can be industry-specific by presenting quantitative social sustainability
indicators developed specifically for wastewater treatment processes – a major element of water management, and by exploring the interactions among the indicators.
Specifically, this paper will address three aims:
- First, the quantitative social sustainability indicators are
proposed for the aspects of health, safety and security,
and comfort.
- Second, the proposed indicators are applied to the WWTP.
- Third, novel approach in prioritizing the indicators is
proposed based on their interactions.
Finally, the developed indicators should address individual
as well as collective perspectives, enabling a comprehensive
understanding of the influence of wastewater treatment processes. Further visualization and analysis of interconnections
between the indicators and stakeholders should facilitate
Quantitative Indicators of Social Sustainability

identification of the indicators of social sustainability having
the greatest impact among the whole set of indicators.
The authors such as Balkema et al. (2002) and Muga and
Mihelcic (2008) propose social sustainability indicators by
using approach where they first estimate the possible impacts
of the wastewater treatment process on society and encompassed that with indicators. Similar approach is used in this
work, and it will be presented in the following section.
2 Methodology
The methodology of this research was following steps presented in Fig. 1, while each step is explained more in details in
next paragraphs.

Fig. 1 Overview of the methodology

Step 1
First step of methodology includes selection and development of sustainability indicators. There is plethora of various
methods that can be used for the selection and development of
sustainability indicators. However, one of the most commonly
used is the issue or theme-based framework [14]. Based on
that methodology the indicators are classified according to the
various issues that are related to sustainable development [14].
Thus this kind of approach includes identification and selection
of sustainability issues (step 1a in Fig. 1) and further development and selection of measurements/indicators (step 1b in
Fig. 1) for issues identified in step 1a. The advantages of using
this method are:
- Ability to link the indicators to policy process,
- Ability to provide clear message to decision-makers,
- Ability to monitor progress in achieving the goals of sustainable development,
- Ability to be flexible, i.e. can be adjusted to new priorities and policy targets [14].
Quality of life can be considered as an essential purpose
of the concept of social sustainability [15], and according to
Mitchell et al. (1995) [16] quality of life as sustainability goal
can be comprised of the issues such as health, security, physical environment (comfort), personal development, community
development, and natural resources goods and services [16].
Consequently, selection of issues for this work is primarily
focused on those encompassed by quality of life.
The second essential feature enabling incorporation of particular issues into the set defining social sustainability was its
quantitative character. In this work quantitative character of the
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issues is reflected in the ability to be attributed and evaluated
with indicators on the basis of technical and operational parameters of a wastewater treatment plant. It means that issues were
chosen based on their ability to be evaluated in quantitative way.
Based on the two above mentioned criteria – composition
of quality of life and quantitative character of the issues; the
social issue that is considered is quality of life with subcategories health, safety and security, and comfort. That means that
subcategories such as health, safety and security, and comfort
have good ability to be evaluated in quantitative way.
Step 1b: The final results will address the impacts that
a wastewater treatment plant can have on various aspects of
social sustainability and the measures (indicators) developed
for each of them. The indicators developed should be:
- Transparent, i.e. they should be understood even by
non-experts [1],
- Quantifiable, i.e. it should be possible to calculate them
and present them in quantitative way [1],
- Relevant, i.e. they should cover the identified social sustainability issues [1],
- User oriented, i.e. the indicators should be able to match
with different users (stakeholders) what further enables
better communication of information [17].
Step 2
Validation of the proposed indicators is considered in the
section 4.1 and it is done by applying the developed social sustainability indicators to a wastewater treatment plant. Selection
of the case study was based on the capacity of the plant. More
than 80% from among 14,780 investigated facilities have
capacity lower than 5 MGD (18.9 × 103 m3/day; 18.9 × 106
L/day) [18]. Therefore due to the popularity of such facilities,
this research focuses on the wastewater treatment plant with
capacity < 5 MGD. Another criterion taken into consideration
when choosing the case study was regular reporting. Especially
interesting have been wastewater treatment plants with annual
reports for the past 5 years. The systematic reports should allow
periodic monitoring of social sustainability.
Keeping in mind the above-mentioned factors, North Toronto
Wastewater Treatment Plant was chosen as a case study. It is
one of the four wastewater treatment plants in City of Toronto,
Canada with a capacity of 40 ML/day and it serves a population
of about 55,000 [19].
Step 3
The increased need for reduction of data acquisition costs
requires adequate choice of set of indicators for the assessment
of sustainability. It means that there should exist a method that
will help in choosing the most relevant indicators which can be
matched with various stakeholders, i.e. the indicators which can
be used by various stakeholders. One of the possible approaches
can be bipartite network projection that was initially used in
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physics and in personal recommendation [20]. The idea relies on
the fact that the indicators and stakeholders can be considered
as two types of network nodes, wherein the edges are matching
stakeholders with the indicators of their interest.
As mentioned above, identification of the stakeholders-indicator match resulted in the creation of the bipartite network.
That is actually the network where the nodes are divided into two
partitions. The nodes from the different partitions are connected
by the edges and nodes from the same partition cannot be connected to each other [21]. As a member of the class of complex
networks, bipartite networks can have directed and undirected
edges [22]. An example of an undirected bipartite network is
presented in Fig. 1a. A method proposed by Zhou et al. (2007)
[22] based on studies of allocation dynamics of network-based
resources can be used for analysis of this kind of network.

Fig. 2 Undirected bipartite network: a) undirected, unweighted bipartite network; b) first step in the process of weighting (X→Y); c) second step in the
process of weighting (Y→X)

The scheme of the proposed method is illustrated by the
unweighted bipartite network presented in Fig. 2 [22]. The network in Fig. 2a consist of two partitions, X and Y, and a set of
edges (E) between the nodes in partitions X and Y. The nodes
in X and Y are x1, x2, x3, x4, and x5 and y1, y2, y3, and y4 respectively. The initial resource located on the ith X node is f(xi) ≥ 0.
Before starting the weighting it should be noted that undirected bipartite network (Fig. 2a) is unweighted, that is the
resources from X nodes should be equally distributed to
Y nodes. And vice versa, resources from Y nodes should be
T. Popovic, A. Kraslawski

equally distributed to X nodes [22]. This statement is permeated through two main steps of the weighting method:
1. All resources in X are directed to Y (Fig. 2b), where the
resource located on the yl node has value:
n

f ( yl ) = ∑
i =1

ail f ( xi )
k ( xi )

(1)

Where:
- k(xi ) is degree of xi
- ail is a n×m adjacent matrix:
1, xi yl ∈ E ,
ail = 
0, otherwise.

m

m

l =1

l =1

ail n a jl f ( x j )
∑
k ( yl ) j =1 k ( x j )

(3)
The weighting can be presented as:
n

f ' ( xi ) = ∑ wij f ( x j )

(4)

j =1

Where:

1 m ail a jl
wij =
∑
k ( x j ) l =1 k ( yl )

(5)

The matrix (W={wij}n×n) is obtained after performing the
above steps, Table 1. The matrix represents the weighted X
projection [22].
Table 1 Weighted X projection of the bipartite network
x1

x2

x3

x4

x5

x1

1/3

1/9

0

0

1/6

x2

1/3

7/18

1/2

1/2

1/6

x3

0

1/6

1/2

1/2

1/6

x4

0

1/6

0

1/2

0

x5

1/3

1/6

0

0

4/6

Evaluation of the structural dependence among the X nodes
(i.e. pair-wise dependence) is performed after obtaining the
weights of the X projection. Structural dependence is determined by Eq. (6):
w
Dij = ji
(6)
wii
Where:
Dij – dependence of i (X node) on j (X node) as a result of
their ties with Y node
wji – number of ties that X node (i) shares with another X
node (j),
wii – amount of resources that return to the X node (i) at the end
of the flow-based transformation (bold values in Table 1).
Quantitative Indicators of Social Sustainability

Dc =

(2)

2. All resources are directed back to X (Fig. 2c), where the
final resource located on the xi node has value:

f ′ ( xi ) = ∑ ail f ( yl ) k ( yl ) = ∑

The value 0 indicates complete independence and the value
1 complete dependence [23].
Values of pair-wise dependency are presented in Table 2.
The information given in Table 2 can be used for node-level
assessment. This means that a score, i.e. an impact value for
each indicator, can be determined. The impact value is calculated by summation of the columns of the pair-wise dependency
(Table 2) and by dividing the obtained value by n-1, where n is
the number of X nodes:

∑

w ji
j ≠i wii

(7)

( n − 1)

Where:
- Dc is dependency centrality
- wji is weight of a tie from X node j to X node i
- wii is weight of X node i’s self-loop
- n is total number of X nodes in the network [23].
Table 2 Results of pair-wise dependency and node-level
assessment (score values)
x1

x2

x3

x4

x5

x1

0

0.28

0

0

0.25

x2

1

0

1

1

0.25

x3

0

0.43

0

0

0

x4

0

0.43

0

0

0

x5

1

0.43

0

0

0

Score

0.5

0.39

0.25

0.25

0.125

The information obtained by calculating the dependency
centrality enables identification of key actors from the bipartite
data [23]. Node x1 is considered to have the greatest impact and
node x5 the lowest impact.
3 Social sustainability indicators
This section presents the social sustainability indicators
developed for the specific aspects of quality of life.
Quality of life. Quality of life is a broad concept that includes
the subcategories of health, safety and security, and comfort.
Therefore, the indicators developed for quality of life assessment are allocated to those three subcategories.
Health. Various activities in a wastewater treatment plant,
such as control of pollutants present in influents and effluents,
detection of chemicals, release of volatile organic compounds
(VOC), toxic air contaminants and disinfection by-products,
etc., can have an impact on human health. Therefore, assessment of health issues in wastewater management is of great
importance [24]. Accordingly, health indicators were developed on the basis of technical and operational parameters of the
wastewater treatment plant: pollution, volume of wastewater,
cleaning properties, sewer connections, etc. The indicators of
the health aspect are following:
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H1 Cleaning efficiency [25] - Cleaning efficiency evaluated
as a ratio of the value of basic parameters (suspended solids,
carbonaceous biological oxygen demand, total phosphorus,
etc.) at the end of the process (in effluent) and the value of
effluent basic parameters regulated by law:
H1 =

cend
cmax

(8)

Where H1 is cleaning efficiency indicator; cend is concentration of pollutants at the end of the process; cmax is maximum
allowed concentration of pollutants.
Preferred value for this indicator is < 1.
H2 Time lost - Number of hours lost per employee per year
related to diseases and injuries that can occur during the performance of a particular job:
H 2 = H lost Etot

(9)

Where H2 is time lost indicator; Hlost is total number of hours
lost per year; Etot is total number of employees.
Employees/operators in a wastewater treatment plant are
exposed to various hazardous substances, such as vapors,
odors, heat, dust, noise from motors, pumps and engines, etc.
[26], thus the target value for this indicator is 0.
H3 Vision [25] - Percentage of annual plant budget devoted
to vision. Vision presents the intention of the wastewater treatment plant to achieve certain cleaning properties (e.g. reduce
concentration of pollutants in effluent, improve sludge treatment, etc.):
H3 =

I vis
× 100
Btot

(10)

Where H3 is vision indicator; Ivis is investments for vision;
Btot is total annual plant budget.
Investments in vision can improve wastewater treatment
plant properties, thus reducing negative health impact on society. Target value for this indicator is as high as possible, but
maximum 100%.
H4 Local affairs – Total number of audits per year that check
and confirm the relevance and accuracy of wastewater treatment plant measurement:
H4 =

NAtot
year

(11)

Where H4 is local affairs indicator; NAtot is total number of
audits.
Performing audits can help companies to meet their obligations to respect laws that protect public health [27], thus target
value for this indicator should be as high as possible, with a
maximum regulated by law.
H5 Public finances – Percentage of annual local budget
devoted to audits:
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H5 =

Baud
×100
LBtot

(12)

Where H5 is public finances indicator; Baud is amount of
money devoted for wastewater treatment audits; LBtot is annual
local budget for all types of audits.
The indicator shows the willingness of local institutions to
make audits and thus ensure protection of public health.
H6 Sewer network [25] – Percentage of households/population connected to wastewater treatment:
H6 =

HH con
× 100
HH tot

(13)

Where H6 is sewer network indicator; HHcon is number of
households/residents connected to the wastewater treatment;
HHtot is total number of households/residents in community.
Lack of connections to public wastewater treatment can lead
to waterborne diseases. Target value for this indicator is 100%.
H7 Continuous disposal – Ratio of volume of wastewater
and plant capacity:
H7 =

Vww
Cap

(14)

Where H7 is continuous disposal indicator; Vww is volume of
wastewater; Cap is plant capacity.
The indicator shows the capability of the wastewater treatment plant to accept and treat all wastewater. Preferred level
for this indicator is < 1.
H8 Problem handling – Ratio of the number of periodic
analysis and maintenance of equipment and the number of
analysis and maintenance required by the framework of the
management plan:
H8 =

HA
HAfram

(15)

Where H8 is problem handling indicator; HA is the number
of periodic analysis and equipment maintenance; HAfram is the
number of analysis and equipment maintenance required by the
framework of the management plan.
The existing hazards can affect the health of employees and
in a broader sense affect the health of society. Therefore, proper
monitoring of hazards and their periodic analysis can reduce
negative impacts on public health. The target value for this
indicator is 1.
Safety and security. Safety and security can be compromised by accidents, pollution, hazardous situations, etc. [28].
Good training, appropriate handling of plant operations and
adequate monitoring are required to ensure safety and security.
Consequently, indicators of safety and security were developed
to evaluate operational aspects that may compromise safety
and security and to audit mitigation actions:
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SS1 Employee training [25] – Hours of training performed
per employee per year:
SS1 =

Ttot
Etot

(16)

Where SS1 is employee training indicator; Ttot is total hours
of training per year; Etot is total number of employees.
Employee training helps to workers to obtain required skills
and thus ensure safe and secure performance of job. Target
value for this indicator is as high as possible, with a maximum
regulated by company’s strategy.
SS2 National and supranational impacts – Ratio of the
concentration of hazardous substances of major international
concern (e.g. mercury, persistent organic pollutants - POPs) in
effluent to the maximum allowed concentration of priority hazardous substances in effluent:
SS 2 =

chp
chp ,max

(17)

Where SS2 is national and supranational impacts indicator;
chp is concentration of hazardous substances of major international concern in effluent; chp,max is maximum allowed concentration of hazardous substances of major international concern
in effluent.
Agenda 21 notes that the requirements of international law
should support and promote sustainable development, such as
regular sampling and evaluation of polluting components [29].
Therefore, compliance of results with international laws can
show how the wastewater treatment plant is supporting sustainable development. The target value for this indicator is ≤1.
SS3 Monitoring – Ratio between the number of effluent samplings per month and number of effluent sampling per month
required by law of wastewater treatment policy:
SS 3 =

S
Slaw

Psuc
Ptot
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SS 5 =

(19)

Eloc
×100
Etot

(20)

Where SS5 is employability indicator; Eloc is number of local
employees; Etot is total number of employees.
The indicator shows the financial security to local residents
provided by the wastewater treatment plant. Target value for
this indicator is 100%.
SS6 Labor union – Percentage of employees who are members of a labor union:
SS 6 =

Elu
×100
Etot

(21)

Where SS6 is labor union indicator; Elu is number of employees joined to labor union; Etot is total number of employees.
The aim of a labor union is to protect and promote the interests of employees, such as benefits, job security, and safety
issues [30]. Thus the target value for this indicator is 100%.
Comfort. Discomfort can be caused by noise, malodors, pollution, etc. [31]. Malodors, noise, etc. are serious concerns to
the public, and they can become harmful following a difference
in the distance between the plant and households or as a result
of improper operation of the plant. The indicators developed
for this subcategory evaluate possible violations of comfort:
C1 Environmental protection – Average levels of noise, malodors, and light and air pollution:

C1 = ∑ n=1
N

(18)

Where SS3 is monitoring indicator; S is number of sampling
per month; Slaw is number of sampling per month required by
law or policy.
Safety and security can be ensured by regular monitoring of
pollutant concentrations in water effluents. Sampling is usually
done according to a sampling protocol and sampling plan giving the number of sampling locations, number and type of samples, and time intervals between sampling [24]. Target value
for this indicator is 1.
SS4 Safety improvement [25] – Ratio between successful
safety improvements projects (stated goals achieved) in a certain time period and the total number of projects in the wastewater treatment plant:
SS 4 =

Where SS4 is safety improvement indicator; Psuc is number
of successful projects; Ptot is total number of projects.
Fulfilling the stated goals of project concerning the safety
improvements in wastewater treatment plants show commitment for ensuring safer environment, thus target value for this
indicator is 1.
SS5 Employability – Percentage of local employees:

Ln
N

(22)

Where C1 is environmental protection indicator; L is level of
noise, malodors, light or air pollution and N is total number of
measurements made for noise, malodors, and light or air pollution.
High levels of noise, malodors, and light or air pollution can
cause discomfort, therefore target value for this indicator is as
low as possible, with minimum 0.
C2 Operational discipline – Yearly average measured levels
of noise, malodors, and light and air pollution:

C2 =

∑

N
n =1

Lmeas , n

(23)

N

Where C2 is operational discipline indicator; Lmeas is measured levels of noise, smell, light pollution or air pollution; n is
number of times of measuring noise, smell, light or air pollution; N is total number of times of measuring noise, smell, light
or air pollution in year.
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Exceeding the legal limits of levels of noise, malodors, air
and light pollution, etc. can have a negative impact on comfort.
Calculation of the degree to which limits are exceeded is significant for evaluation of the effect of the wastewater treatment
plant on comfort. Target value for this indicator is ≤1.
C3 Improvement initiatives - Percentage of annual budget
invested in new technology to improve working conditions
(reduce noise, air pollution, work-related injuries, etc.):
C3 =

I tec
×100
Btot

(24)

Where C3 is improvement initiatives indicator; Itec (€) is
investments in improving technology; Btot is total annual budget.
Hazardous factors existing in the working environment and
having unfavorable impact on personnel can be noise generated
by machinery, various gases, inadequate light, etc. These impacts
can be reduced by investing in new modern technologies, thus
evaluation of this indicator can be done by considering the level
of investments. The target value for this indicator is as high as
possible, with a maximum regulated by company’s strategy.
C4 Public perception – Number of complaints from local
residents related to noise, malodors, light pollution, etc.:

C 4 = ∑ d Compld
D

(25)

Where C4 is public perception indicator; Compl is number
of complaints per year for all types of discomforts D (noise,
malodors, light pollution, etc.).
Increased awareness leads to stronger personal perception
of environmental issues [32]. So the number of complaints can
illustrate the extent to which the wastewater treatment plant is
moving toward social sustainability. Target value for this indicator is 0 complaints per year.
C5 Onerousness [25] – Length (km) of public sewer pipes
maintained, inspected or replaced per year:

C 5 = ∑ n=1 lsp ,n
N

(26)

Where C5 is onerousness indicator; lsp (m) is length of sewer
pipes maintained, inspected or replaced per year in total number of locations N.
Regular maintenance, inspections or replacements of sewer
pipes can reduce the risk of deterioration, blockage or collapses
of sewer system [33]. Target value for this indicator is that all
pipes that require maintenance, inspection or replacement are
managed.
C6 Shock loads– Ratio of the size of storage basin and volume of the shock loads:
C6 =

230
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SB
SLv

(27)

Period. Polytech. Chem. Eng.

Where C6 is shock loads indicator; SB is size of storage
basin (m3); SLv is volume of the shock loads.
Target value for this indicator is < 1.
C7 Scope of sludge treatment [25] - Percentage of sludge
that is treated in different ways, such as use in agriculture, thermal disposal, landfills, etc.:
C7 =

Str
×100
Stot

(28)

Where C7 is scope of sludge treatment indicator; Str is
amount of treated sludge; Stot is total amount of sludge.
Treatment of sludge can be beneficial in various ways, such
as improving agricultural productivity. Desired levels for this
indicator are as high as possible, with maximum 100%.
C8 Location – Ratio between the distance of the wastewater
treatment plant from the community and the distance regulated
by law:

C8 =

D
Dlaw

(29)

Where C8 is location indicator; D is distance of the wastewater treatment plant from community; Dlaw is distance required
by law.
Values higher than 1 can indicate possible increase in nuisance problems (e.g. odors, noise, etc.) [27]. Thus target value
for this indicator is ≤ 1.
4 Results and discussion
The results are divided in two parts. First part (Section 4.1)
includes validation of proposed indicators, which is calculation
of the indicators by using a data from annual reports of North
Toronto Wastewater Treatment Plant. Whereas the second part
(Section 4.2) includes weighting the indicators with approach
of bipartite network projection.
4.1 Application of the developed social sustainability
indicators to a wastewater treatment plant
It was mentioned that the data for the validation and calculation of indicators is obtained from the annual reports of
the North Toronto Wastewater Treatment Plant. The period of 5
years (2010-2014) is considered in order to illustrate the usage
of the indicators for periodical monitoring. The values of indicators for the period of 2010-2014 are shown in Table 3. The
bold numbers indicate best result for a chosen period, while
cells without values indicate lack of data. For indicators such
as H8, SS3, and SS5 it was not possible to obtain all required
data, so only total number of equipment maintenance events
(for H8), total number of samplings (for SS3), and total number
of employees (for SS5) are shown.
The obtained results show improvement of the indicators H1,
H2, H7, H8, SS2, and SS3 in 2014. However, the indicators H3,
C3 and C4 attained better values before 2014. Based on that it
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can be observed that the proposed indicators can be used for periodical monitoring of the social sustainability. The indicators can
point out the aspects of sustainability needing an improvements.
The lack of data can indicate that the collection costs are
high and therefore the needed information is omitted in the
report. Consequently, the following section will try to address
this issue by proposing the method which can weight indicators and enable their prioritization, thus reducing the number
of indicators that should be evaluated. Further, it can lead to
the reduction of the data needed for calculation of the indicators and therefore to the reduction of the cost of data collection. The weighting of the indicators is based on the ‘indicators-stakeholder’ relationship.
Table 3 Overall results of indicators’ calculation for 5-years period
2010a

2011b

2012c

2013d

2014e

SS (mg/l)

0.29

0.32

0.25

0.19

0.16

CBOD5 (mg/l)

0.09

0.16

0.10

0.11

0.09

TP (mg/l)

0.6

0.5

0.5

0.4

0.4

H2

211

11

0

1.45

0

H3

0.20

1.44

1.24

1.22

0.01

H4

-

-

-

-

-

H5

-

-

-

-

-

H6

2.10

2.10

2.10

2.10

2.10

H7

0.90

0.75

0.6575

0.61

0.58

H8

4

6

5

10

14

SS1

40

40

40

40

40

0.29

0.30

0.27

0.27

0.15

SS3

2880

2708

2568

2952

2967

SS4

1

1

1

1

1

SS5

12

12

12

11

11

SS6

-

-

-

-

-

C1

-

-

-

-

-

C2

-

-

-

-

-

C3

5.56

3.23

0.78

1.22

2.79

C4

0

0

0

0

1

C5

-

-

-

-

-

C6

0

0

0

0

0

C7

100

100

100

100

100

C8

-

-

-

-

-

H1

SS2

a

Hg

Data from [19]; bData from [34]; cData from [35]; dData from [36]; eData

from [37]

4.2 Weighting of bipartite network
As mentioned above, the weighting of the indicators is based
on their relation with stakeholders. Namely it was considered
that apart from the classification of the indicators according
to the social sustainability aspects, one can also identify two
types of indicators: internal and external. The internal indicators are of high interest to internal stakeholders (e.g. company’s
Quantitative Indicators of Social Sustainability

top management, employees), while external indicators are of
interest to external stakeholders (e.g. local residents, NGOs,
local authority, central authority). Nevertheless there are some
indicators that are of interest for both groups of stakeholders,
thus for creating ‘indicator-stakeholders’ network first were
identified stakeholders:
1 – Local residents
2 – NGOs (non-governmental organizations)
3 – Company (top management)
4 – Employees
5 – Local authority
6 – Central authority.
Further identification of the ‘indicator-stakeholder’ relationship was based on identified issues that are of significant interest for various stakeholders [7, 38]:
- Local residents usually have interest in the services provided by wastewater treatment plant, and having impact
on their life such as the degree of wastewater cleaning.
This issue could be closely related to efficiency of the
process, cleaning properties and factors affecting the efficiency of the process.
- Typically, NGOs have interest in the issues related to
broader social issues, e.g. worker rights, etc.
- The company, and more specifically its management, has
strong interest in the social issues having a direct impact
on the quality of the plant operation, e.g. working conditions, health and safety aspects.
- The employees have interest in health and safety issues,
training, working conditions, etc.
- The local authorities have interest in the issues related
to the legal aspects of operation of the plant on their territory e.g. law requirements related to use of land or acceptable level of emissions.
- The central authorities usually take care of the aspects
which could provoke the conflicts between the stakeholders e.g. issues related to ensuring the acceptable by the
population quality of life.
The matrix that resulted from the analysis of the interests of
the particular groups of the stakeholders is presented in Table 4.
It shows the typical indicators for a given group of stakeholders while the network corresponding to the matrix presented in
Table 4 is given in Fig. 3.
The resulting network was weighted by using the approach
proposed by Zhou et al. (2007) [22] and presented in the methodology part of this paper (Section 2).
The social sustainability indicators are considered as X
nodes and stakeholders as Y nodes. The final result (matrix
W={wij}n×n), presented in Appendixes section in Table A1, is
obtained after applying Eq. (1), (2), (3), (4) and (5) (in the first
and second step).Ascertaining values for the matrix W={wij}n×n
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Table 4 Matrix of relationship between social sustainability
indicators and stakeholders
1

5

6

X

X

X

X

H4

X

X

H5

X

X

X

X

X

X

H1

2

X

H2
H3

3
X

X

X

H6

X

X

X

H7

X

H8

X

SS1

X

SS2

X

X

X

X

X

X

SS3

X

SS4

X

SS5

4

X

X

X

SS6

X
X

C1

X

C2

X

C3

X

X
X
X

C4

X

X

C5

X

X

C6

X

X

X

X

X
Fig. 3 Bipartite network of social sustainability indicators and stakeholders

X

C7

X

X

C8

X

X

X

X

is followed by calculating the structural dependence between the
social sustainability indicators. Equation (6) is used for this purpose, where the values marked in green in Table A1 present the
self-loop values (wii). The self-loop value (wii) means a number of
resources that return to the indicator at the end of the flow-based
transformation. The final result for the structural dependence is
shown in Table A2, where the value of one cell represents the
level of structural dependency of the indicator denoting row on
indicator denoting column. Thus, for example, indicator H1 has
0.77 structural dependency on H2, 0.38 on H3, 0.62 on H4, 0.62
on H5, 0.15 on H6, etc. Values closer to 1 show stronger dependency and values closer to 0 indicate greater independence.
The result of pair-wise dependencies, Table A2, is next used
for calculation of the scores of the indicators (Eq. (7)), i.e.
determination of the indicator with the greatest impact on the
other indicators. The obtained results are presented in Table A2
and marked with orange color. Hence it can be seen that indicators H1, H2 and C8 have the greatest impact, while H4, H5,
H6, SS4 and C6 are those with the lowest impact. Therefore
prioritization of the indicators according to their impact (from
the greatest to the lowest impact) is as follows: H1, C8, H2,
H8, C5, SS3, C3, SS1, H3, C1, SS5, C7, C4, C2, SS2, SS6, H7,
SS4, H6, C6, H5, H4.
The objective of this prioritization is not directly linked to
the importance of particular indicator. Rather it is related to
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impact that indicator has on each other, what further allows
determination of the indicators that are most important for the
assessment. The advantage of using this method is reflected in
its ability to obtain the results for prioritization of the indicators
even when the data for the calculation of the indicators is not
available. It is because bipartite network projections relays on
the relation between the nodes. Thus it is not directly related
to the calculated values of the indicators after using proposed
formulas from Section 2. However, the results obtained from
bipartite network projection (Table A2) cannot be used to measure the performance of the wastewater treatment plant.
The collection of data for the indicators’ calculation can be
time-consuming and expensive. Therefore the main purpose of
bipartite network projection is prioritization of the indicators
for the purpose of cost optimization. Also if it is known that
personal perceptions can have significant influence on the process of choosing the indicators for the assessment [39], bipartite network projection can help in avoiding that subjectivity.
5 Conclusions
Quality of life, and its specific subcategories: health, safety
and security, and comfort, were selected as key themes for the
identification and development of social sustainability indicators
for a wastewater treatment process, as well as for identification of
the interdependencies of the indicators. The main novelty of this
T. Popovic, A. Kraslawski

paper consists in proposing social sustainability criteria specific
to wastewater treatment processes, the formulation of indicators
enabling their quantitative assessment, the creation of a network
of their dependence with stakeholders, as well as determination
of the impact of each indicator. The goal of the identified and
developed indicators is to provide a more comprehensive definition of social sustainability and to enable the use of a quantitative
approach to social sustainability evaluation.
Example of the use of the indicators in evaluation of wastewater treatment plant processes are presented for North Toronto
Wastewater Treatment Plant. The aim of applying the indicators to the wastewater treatment plant was to show how social
sustainability might be assessed in a quantitative way and to
determine to what extent can it be applied to assessment of a
wastewater treatment plant.
The approach demonstrated the feasibility of applying the
social indicators introduced in this study to wastewater treatment. The presented approach allows periodical monitoring
(annually) of wastewater treatment plant operations.
It should be noted that this paper does not limit evaluation of
social sustainability of wastewater treatment plants just to the
indicators presented in this study. Especially, as social sustainability is a broad concept and its assessment can be influenced
by cultural preferences, experience, personal perceptions, etc.
The lack of availability of some data required for evaluation
of some indicators may be due to the high costs of getting information. The approach used in this research for weighting the
network can assist in cost optimization. By prioritizing the indicators on the basis of their impact (Table A2 – orange values)
it is possible to see which indicators are absolutely essential
for evaluation of social sustainability. Data acquisition costs
can be reduced by obviating the need to evaluate all indicators.
The results of the ranking are not obtained on the basis of
the direct preferences of the stakeholders but are found thanks
to analysis of the complex network of links between the stakeholders and indicators. Thus it can help to avoid subjectivity in
ranking the indicators.
The proposed method for analysis of a set of indicators can
be used in a broad range of industries. Every industry has different stakeholders and specific sets of indicators with specific
connections to stakeholders. The connections can result from
the different priorities expressed by the various stakeholders.
The proposed method can help rank the indicators for a given
industry, and the ranking could lead to determination of a set of
the most essential social indicators for a given industry. Such a
“critical set of indicators” may differ for different industries due
to the varying topology of the complex network of stakeholders
and indicators. Further detailed analysis is required to assess
the precise characteristics of the networks of various industries.
Because of the complexity of the concept of social sustainability, the future research should address the issue of its quantification using fuzzy numbers or probability distribution.
Quantitative Indicators of Social Sustainability
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Table A1 Weighting of the bipartite network presented in Fig. 3

H1

H2

H3

H4

H5

H6

H7

H8

SS1

SS2

SS3

SS4

SS5

SS6

C1

C2

C3

C4

C5

C6

C7

C8

H1

0.09

0.07

0.05

0.11

0.11

0.06

0.06

0.03

0.05

0.1

0.09

0.06

0.05

0.03

0.05

0.07

0.09

0.07

0.08

0.06

0.07

0.09

H2
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0.11
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0.08
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0.05
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0

0
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0.06
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0.03

0.02
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0.08
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0.05

0.06

0.07
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0
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0

0

0

0
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0
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0

0

0

0.08

0
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0

0
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H5
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0
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0

0

0

0
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0

0.03

0

0

0
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0

0
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0.06
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0.02

0

0.02

0.06
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0.02
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0.06

0.03

0.01
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0.02

0

0
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0.06
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0.02

0

0.02

0.06

0

0.03

0.02

0.03
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0.02

0.06

0.03

0.01
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0.03

0.06

0.13

0

0

0.06

0.06
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0.03
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0.05

0

0

0.06

0.06
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0.11

0.03
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0.13

0.05
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0.06
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0.01
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0.08
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C6
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0
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0.15
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0.38
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0.77

0.15
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0.38

0.38

0.77

0.38

0.66

0.15
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1
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0.58

0

0.12

0.47

0.47

0.12

0.12

0.53

0.53

0.47

0.58

0.12

0.62

0.53

0.12

0.12

0.58

0.11

0.32

0.15

0.38

0.58

H3

0.36

0.14

0

0

0

0.14

0.14

1

0.36

0.21

0.14

0.14

0.86

0.14

1

0.38

0.14

0.36

0.36

0.14

0.36

0.36

H4

1

1

0

0

1

0

0

0

0

1

1

0

0.44

0

0

0

1

0

0.44

0

0

1

H5

1

1

0

1

0

0

0

0

0

1

1

0

0.44

0

0

0

1

0

0.44

0

0

1

H6

1

1

1

0

0

0

1

1

1

0

1

1

0

1

1

1

1

1

1

1

1

1

H7

1

1

1

0

0

1

0

1

1

0

1

1

0

1

1

1

1

1

1

1

1

1

H8

0.24

0.43

0.66

0

0

0.09

1

0

0.57

0.14

0.09

0.09

0.91

0.43

0.66

0.24

0.09

0.24

0.24

0.09

0.24

0.24

SS1

0.41

0.75

0.41

0

0

0.16

0.16

1

0

0.25

0.16

0.16

0.84

0.75

0.41

0.41

0.16

0.41

0.41

0.16

0.41

0.41

SS2

1

0.73

0.27

0.73

0.73

0

0

0.27

0.27

0

0.73

0

0.59

0

0.27

0.27

0.73

0.27

0.59

0

0.27

1

SS3

1

1

0.2

0.80

0.80

0.20

0.20

0.20

0.20

0.80

0

0.20

0.36

0.20

0.20

0.20

1

0.20

0.55

0.20

0.20

1

SS4

1

1

1

0

0

1

1

1

1

0

1

0

0

1

1

1

1

1

1

1

1

1

SS5

0.29

0.47

0.53

0.16

0.16

0

0

0.84

0.45

0.29

0.16

0

0

0.32

0.53

0.13

0.16

0.13

0.29

0

0.13

0.29

SS6

0.22

1

0.22

0

0

0.22

0.22

1

1

0

0.22

0.22

0.78

0

0.22

0.22

0.22

0.22

0.22

0.21

0.22

0.22

C1

0.36

1

1

0

0

0.14

0.14

1

0.36

0.21

0.14

0.14

0.86

0.14

0

0.36

0.14

0.36

0.36

0.14

0.36

0.36

C2

1

0.4

1

0

0

0.4

0.40

1

1

0.60

0.40

0.4

0.6

0.40

1

0

0.4

1

1

0.4

1

1

C3

1

1

0.2

0.80

0.80

0.20

0.20

0.20

0.20

0.80

1

0.20

0.36

0.20

0.20

0.20

0

0.20

0.55

0.20

0.20

1

C4

1

0.4

1

0

0

0.40

0.40

1

1

0.60

0.40

0.4

0.6

0.40

1

1

0.4

0

1

0.4

1

1

C5

1

0.65

0.58

0.42

0.42

0.23

0.23

0.58

0.58

0.77

0.65

0.23

0.77

0.23

0.58

0.58

0.65

0.58

0

0.23

0.58

1

C6

1

1

1

0

0

1

1

1

1

0

1

1

0

1

1

1

1

1

1

0

1

1

C7

1

0.4

1

0

0

0.40

0.40

1

1

0.60

0.40

0.40

0.6

0.40

1

1

0.4

1

1

0.4

0

1

C8

1

0.77

0.38

0.62

0.62

0.15

0.15

0.38

0.38

0.85

0.77

0.15

0.50

0.15

0.38

0.38

0.77

0.38

0.66

0.15

0.38

0

0.76

0.57

0.27

0.27

0.29

0.33

0.68

0.58

0.45

0.60

0.29

0.51

0.40

0.57

0.47

0.60

0.47

0.62

0.29

0.48

0.78

Table A2 Pair-wise dependencies among indicators

Score 0.78
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Abstract. Increased pressures from stakeholders have been forcing companies to
integrate social sustainability into their businesses. However, lack of information
leads to gaps in social sustainability, some of them being also related to difficulties
in social sustainability assessment of supply chains often caused by lack of
appropriate quantitative indicators to be used. The aim of this paper is, thus, to
fill this gap by proposing a set of quantitative social sustainability indicators
applicable to various types of supply chains. The indicators proposed here
address the most frequently encountered issues of social sustainability. The
research resulted in the identification of 24 generic quantitative indicators suitable
for the assessment of a supply chain, particularly related to society and product
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responsibility issues. The indicators are validated through content analysis of 141
sustainability reports from all echelons (upstream, midstream, downstream) of a
supply chain. Beyond that, one-way statistical analysis (ANOVA) is performed in
order to analyse how echelon levels affect the relevance of these indicators.
Content analysis results confirm that issues covered by the indicators are
addressed by the companies in their sustainability reports, while ANOVA analysis
shows that supply chain echelon level does not influence the relevance of the
indicators, making this set of indicators generic and applicable to any supply
chain. Therefore, these indicators can be considered as generic and used for the
holistic assessment of supply chains.
Keywords: social sustainability, quantitative indicators, supply chain management,
performance measurement.
JEL Classification: M14, Q01, Q56

1. INTRODUCTION
Spanning from industry to academy, sustainability of supply chains have gained a lot of attention
(Varsei & Polyakovskiy, 2017). This trend is also supported by the pressures of stakeholders who are getting
more involved in the process of sustainable development by demanding more transparency along supply
chains (Fritz et al., 2017). Fritz et al. (2017) explain that the aforementioned transparency can be achieved
by developing methods and indicators for supply chain sustainability assessment. Since sustainability is based
on the triple bottom line it is desirable that economic, environmental and social pillars are balanced. In
reality, this balance is disrupted, as the main goal for businesses is profit (i.e., economic sustainability)
followed by environmental concern (environmental sustainability) (Missimer et al., 2017; Mani et al., 2016).
Thus, in order to meet the requirements of sustainable supply chains, businesses should consider the social
pillar as well. This would allow “a balanced approach to the decision making processes of supply chain
design and management” (Varsei & Polyakovskiy, 2017; p. 236).
The aforementioned unbalanced situation towards sustainability pillars led to the existence of research
gaps in the social sustainability topic. As the main research gaps, one can identify scarcity of information on
social sustainability such as the lack of consensus on social impact categories, lack of quantitative social
sustainability indicators as well as lack of suitable methods for social sustainability assessment of supply
chains (Garcia et al., 2016; Rahdari & Rostamy, 2015). Therefore, the aim of this paper is to fill these gaps
and to propose a set of quantitative social sustainability indicators for the assessment of the whole supply
chains.
This paper takes into account the social pillar of sustainability by proposing a quantitative assessment
of supply chains, covering a holistic view, which considers the three supply chain echelons – upstream,
midstream, and downstream. This work proposes quantitative social sustainability indicators for the endpoint impact categories society and product responsibility. Further, these indicators are validated through
conducting the content analysis of 141 sustainability reports. The results are analysed and the influence of
the SC’s echelons on the importance of the indicators is verified by means of ANOVA statistical analysis.
Finally, discussion and research conclusions are provided together with the limitations of this study and
directions for future research.
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2. STATE OF THE ART
The ongoing trend of increased interests in social issues of supply chains is caused by the growing
pressures from government, customers, NGOs and other interested stakeholders (Mani et al., 2016).
Consequently, social sustainability is becoming more and more incorporated in the business practice, both
on corporate and the supply chain level (Vachon & Mao, 2008). However one of the main issues arising
from the incorporation of social sustainability in supply chains is the assessment of the social sustainability,
i.e. lack of consensus on the impacts which should be considered and their quantification (Hutchins &
Southerland, 2008; Beske-Jansen et al., 2015). Indeed, current literature shows that social sustainability in
the supply chains has not been well explored and explained (Mani et al., 2015). Hence the assessment of the
social performance of the supply chains is aggravated. Especially because of the lack of the measures and
indicators that can ensure quantitative assessment of the social sustainability (Ahi & Searcy, 2015).
Consequently, the complexity of supply chains combined with the relatively neglected social
sustainability component makes social sustainability assessment of supply chains a complex task. One of
the major difficulties that companies need to face related to the complexity of social sustainability
assessment is a quantification of social sustainability, i.e. development of quantitative social sustainability
indicators (Varsei & Polyakovskiy, 2017; Beske-Janssen et al., 2015). This difficulty also entails the
determination of the aspects and impact categories that should be addressed (Hutchins & Sutherland, 2008).
Namely, existing models and frameworks for the social sustainability assessment don’t enable a full
assessment of supply chains and in order to easily access such complex systems, one should try to
incorporate two or more existing methods/frameworks (Popovic & Kraslawski, 2015). In that manner,
Simões et al. (2016) use social LCA principles and GRI subcategories for the reinforcement of mid- and
end- pint impact categories. The basic principle is to use GRI subcategories as end-point impact categories,
for which Simões et al. (2016) proposed mid-point impact categories (Figure 1). As end-point impact
categories, Simões et al. (2016) considered labour practices and decent work, human rights, society and
product responsibility.
By considering the mid-point impact categories from Figure 1 one should be able to identify a set of
quantitative social sustainability indicators that will allow the assessment of supply chains. The stress should
be on the quantitative character of social sustainability indicators, as the quantitative indicators play a major
role in process of decision making (Rametsteiner et al., 2011) and in the assessment of progress toward the
social sustainability (Hák et al., 2016). On this context, the issues of social sustainability assessment have
been addressed previously, however many studies were oriented on the performance of suppliers (Mani et
al., 2016) and there is a scarcity of information and research oriented on the whole supply chains.
This work tries to fill the existing gaps by proposing a set of quantitative social sustainability indicators
for the assessment of the society and product responsibility end-points impact categories (Figure 1). The
remaining end-points impact categories are out of the scope of this research and will be addressed in a
separate article. Thus the research question that emerges is following:
RQ 1. How to formulate quantitative indicators that will enable assessment of the social impacts of the
whole supply chain on society and product responsibility aspects?
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Figure 1. Classification of mid-point impact categories
Source: Simões et al., 2016

By answering to this research question the paper makes three contributions. First, is provided which
aspects of social sustainability should be addressed. Second, social sustainability indicators are proposed and
characterized by clear formulas, definition, and relevance. Third, by means of content analysis, it can be
shown how different echelons of supply chain and different types of industry affect the relevance of
proposed indicators.

3. METHODOLOGY
The methodology of this work follows six steps as presented in Figure 2. Each step is further described
in details in paragraphs below.

Figure 2. Applied methodology
Source: Authors’ interpretation
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Step 1: Collection of relevant empirical material enabled the creation of the social sustainability
indicators database. The aim was to get an overview of the social sustainability indicators that can address
the issues related to end-points society and products responsibility (Figure 1).
The literature review was performed through online publishers and databases, such as Elsevier/Science
Direct, Springer, Wiley online library, IChemE. The keywords used for the search process were: “social
sustainability”, “sustainability”, “sustainable development”, “social indicators”, “sustainability indicators”,
“indicators”, and “sustainability assessment”. All collected material was in English, and it included journal
articles, guidelines and standards that focus on sustainability, social sustainability, and (social) sustainability
metrics and indicators. Thus initial search returned more than 300 articles.
Further reduction of the number of documents was done according to following criteria:
- Contains quantitative, semi-quantitative or qualitative indicators for social sustainability assessment
- Address issues related to mid-point of society and products responsibility as defined by Simões et
al. (2016).
Utilization of these criteria has led to the reduction in the number of articles that are to be considered
for detailed investigation. Thus the final sample included 45 articles.
Step 2: Information gathered by analysing the articles identified in the previous step helped in deriving
indicators. The obtained 77 indicators were classified according to the mid-point impact categories
belonging to the end-points society and product responsibility: 1) Community funding and support; 2)
Community involvement; 3) Corruption in business; 4) Fair business operations; 5) Stakeholder
participation; 6) Consumer health and safety; 7) Product management and consumer satisfaction (Simões et
al. 2016). A definition summary of the above mentioned mid-point impact categories is presented in Table 1.
Table 1
Definition summary of mid-point impact categories
Mid-point impact category
Community funding and support
Community involvement
Corruption in business
Fair business operations
Stakeholder participation
Consumer health and safety
Product management and consumer
satisfaction

Definition summary
Contribution of the company in the community, such as cultural,
educational interactions and programs, or indirect financial support.
The positive and negative externalities that arise from the business and
have effect on society and their social performance.
Evaluation of the business practice that is implemented for reducing the
corruption.
Focuses on issues such as fair competition, lobbying and compliance with
legal requirements (e.g. potential impact on the employees, shareholders
and government).
Focuses on stakeholders participations in organizational business
initiatives (e.g. involvement, influence and empowerment).
Focuses on the product’s environmental and social impact along life
cycle, as well as consumer’s health and safety.
Considers interactions between consumers, the product and the
company.

Source: Simões et al. (2017).

Step 3: Generation of the final list of the indicators is determined in the detailed analysis of the initial
77 indicators. Thus, it was opt to eliminate indicators with the following properties:
- Qualitative indicators, i.e. indicators of whose definition was not possible to derive quantitative
equation;
- Reoccurrence of indicators, i.e. same indicator proposed in 2 or more different articles;
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- Indicators that cover the same issue, i.e. indicators with different denomination, but used to assess
the same issue.
The utilization of these criteria reduced the initial set of 77 indicators to 24 indicators.
Step 4: The final 24 indicators, are to be clearly characterized by presenting a clear definition, its
relevance and a mathematical formulation (aspects that were not presented in the literature). In order to
acquire properties of effective indicators the methodology proposed by Feng and Joung (2009) was applied
and the developed social sustainability indicators should have the following characteristics:
- Relevant – they show information about system that needs to be known;
- Easy to understand by all stakeholders – they have clear definition;
- Reliable – one can trust the information obtained by the indicator;
- Quantifiable – indicator can be numerically measured;
- Based on accessible data – accessibility of the indicators was verified by content analysis.
Step 5: Content analysis is performed in order to verify how the issues that are covered by indicators
are addressed by companies. The objective of content analysis is to measure the number of the content
specific keywords in the sustainability reports from the companies of all supply chains’ echelons. It means
that each indicator was characterized by content specific keyword which was then used for performing
content analysis. The advantage of the content analysis is reflected in its objectivity and systematism. It is
because content analysis is carried by following explicit rules that ensure objectivity of the analysis.
Consequently, the results, i.e. inclusion or exclusion of particular content cannot be affected by researcher’s
ideas what further ensures systematism (Prasad, 2008).
Thus the content analysis should follow the next six steps (Hsien and Shannon, 2005):
a) Defining objective for using content analysis – the objective of the content analysis is to validate
proposed social sustainability indicators, i.e. to analyse occurrence of the coding words in sustainability
reports.
b) Choosing material that will be used for content analysis – sustainability reports from the companies
belonging to the all echelons of supply chain were used as the material for the validation. In total, 141
sustainability reports from 25 countries were selected. The criteria that was used for selection considered
that: (i) sustainability reports should follow principles and processes of G3.0 or G3.1 GRI guidelines; (ii) all
reports should belong to the companies of all echelons (upstream, midstream and downstream,
Meckenstock et al., 2015) based on the ranking in The Sustainability Yearbook listed in Dow Jones Global
Index. Thus organizations should belong to the following 12 industries: (1) Mining, (2) Oil and Gas, (3)
Materials, (4) Utilities, (5) Industrials, (6) Consumer Goods, (7) Electronics, (8) Automotive, (9)
Transportation and Logistics, (10) Retail, (11) Telecommunications, and (12) Financials, where 1-4 are
upstream companies, 5-8 midstream and 9-12 downstream companies; (iii) All reports should be written in
English and should be stand-alone reports to allow easier comparison. The list of the reports is presented
in Table A1 in Appendix section.
c) Selection of the units – units chosen for this analysis were keywords. It means that each indicator
was assigned with specific keywords characterized as “recording unit”, where recording unit presents
smallest element of the text material that can be analysed (Flick, 2014). Each keyword was determined to be
content specific and it can show how companies address the issues which are covered by the social
sustainability indicators. The frequency of the coded keywords is considered as a suitable measure (Hsieh
and Shannon, 2005). List of keywords is presented in the Table A2 in Appendix section.
d) Development of coding categories – coding categories are usually made to enable grouping of the
coding units (Hsien and Shannon, 2005). Therefore, in this research indicators are used as coding categories,
whereas coding units are keywords specifically designated for indicators. It means that 24 coding categories
are considered, where each category presents one indicator.
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e) Coding of material – coding of material is done by NVivo computer software, where a query for
each keyword separately was performed. Content specific words are then coded based on the defined coding
scheme.
f) Analysing and interpretation of results – final representation of the results and their analysis are
presented in sub-section “Indicators analysis and validation”.
With all its advantages, content analysis still have issues with validity and reliability. It is because the
findings can be affected by the subjectivity during the coding process. In order to ensure validity of analysis,
coding scheme should be created so it can be “faithful to the theory in its orienting coders to the focal
concepts” (Potter & Levine-Donnerstein, 1999; p. 266). The coding schemes of this research were
developed based on proposed indicators, their definition and issues that they address. Further, the coding
schemes were tested in several sustainability reports and further revised until receiving satisfactory results.
Issues related to reliability were eliminated by creating coding rules while doing machine coding
(Meckenstock et al., 2015). This ensured stability and reproducibility of results (Krippendroff, 2004).
Step 6: Statistical analysis – this step includes performance of the one-way analysis of variance
(ANOVA). The role of ANOVA was to examine if the indicators were generic for all echelons of the supply
chain. It means that ANOVA would show if there is significant difference among the means of the results
for different SC’s echelons. The significant difference among the means of the groups was assessed through
the P-value. If the P-value is lower than 0.05 it means that there is statistical significance among the means
of the groups and null hypothesis is rejected (Bewick et al., 2004). In that case it is assumed that supply
chain echelon has influence on the percentage of the keywords occurrence for that particular indicator.

4. RESULTS AND DISCUSSION
This section identifies the social sustainability indicators (sub-section 4.1.), with clear definition and
relevance, that can be used for monitoring the progress toward social sustainability. Further sub-sections
explore steps 5 and 6 of the methodology that aim to validate and analyse the proposed indicators. Validation
is presented in sub-section 4.2, after which is presented the preliminary model for social sustainability
assessment of supply chain on different levels. Finally ANOVA statistical analysis (sub-section 4.3.) is
presented in order to investigate how echelon levels may influence the importance of the indicators.

4.1. Social sustainability indicators identification
Identification of each indicator is based on the topics and issues addressed in existing literature. As
discussed earlier, social sustainability indicators for end-point impact categories society and product
responsibility are characterised with definition, quantitative formulation and relevance. Characterization of
indicators is made to fill the existing gaps and to give them properties of effective indicators (section 3,
step 4).
Community Funding and Support
This mid-point category covers the company’s contribution to the cultural and educational interactions
and programmes in the community in terms of providing direct or indirect financial support (Simões et al.,
2016). The indicators that encompass the issues defined with this mid-point category are:
Satisfaction of social needs (SSN) – total amount of investments for community social needs
(Azapagic and Predan, 2000), such as education, good water quality, health services, etc.:
𝑆𝑆𝑁 = ∑𝐼𝑖=1 ∑𝑁
(1)
𝑛=1 𝐼𝑆𝑛,𝑖 (€)
Where i is an entity in given supply chain; I is total number of entities in given supply chain; IS is a
monetary investment in social need (e.g. education, good water quality, health services, etc.); n is social need
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(e.g. education, good water quality, health services, etc.) in community where entity i operates; N is total
number of social needs in community where entity i operates.
Evaluation of investments to social needs can indicate: 1) contribution of company to satisfy social
needs of community (Azapagic & Predan, 2000); 2) willingness of company to support educational
institutions such as schools and universities (Mani et al., 2014), as well as health institutions or public sectors.
Share of distributed revenues (SDR) – percentage of company’s revenue provided to community
(Lodhia & Martin, 2014):

𝑆𝐷𝑅 =

∑𝐼𝑖=1 𝐶𝐶𝑖
∑𝐼𝑖=1 𝑅𝑖

∙ 100 (%)

(2)

Where CC is monetary support of entity i to community; R is revenue of entity i.
Evaluation of this indicator can show: 1) involvement of company in social events, found-raising, daily
basis actions, etc.; 2) ability of the company to help community. Target value for this indicator is as high as
possible.
Community Involvement
The positive and negative externalities arising from the business can have effect on society social
performance, the communities and the delivered social value (Simões et al., 2016). That is why this midpoint impact category aims to evaluate those externalities. Identified indicators for enabling those kind of
measurements are presented as following:
Community complains (CoC) – number of complaints per revenue euro earned (Lodhia & Martin,
2014):

𝐶𝑜𝐶 =

∑𝐼𝑖=1 𝐶𝑐𝑜𝑚𝑝,𝑖
∑𝐼𝑖=1 𝑅𝑖

(complaints/€)

(3)

Where Ccomp is total number of community complains per entity i; R is revenue of entity i.
High number of community complains (e.g. because of offence, detriment, dust, noise, increased traffic
flows, etc.) can lead to: 1) escalating complaints to disputes and grievances; 2) decreasing the reputation of
the company. Target value for this indicator is 0 complaints per revenue euro earned.
Volunteering activities (VA) – average number of hours spent for voluntary activities per entity per
year:

𝑉𝐴 =

∑𝐼𝑖=1 𝑉𝑡𝑜𝑡,𝑖
𝐼

(h/empl.)

(4)

Where Vtot is total hours of volunteering per year per entity i.
Voluntary activities such as community work, caring and politics (Spangenberg & Omann, 2006) are
improving: 1) company’s relation with community; 2) public image and reputation of company. Target value
of this indicator is as high as possible.
Corruption in Business
In this mid-point category indicators should enable evaluation of the business practice implemented in
order to reduce corruption (Simões et al., 2016). The identified social sustainability indicators for this midpoint category are:
Risk of corruption (RofC) – percentage of entities that assessed corruption risks (GRI, 2011):
C

𝑅𝑜𝑓𝐶 = 𝐼 ∙ 100 (%)

(5)

Where C is the number of entities with assessed corruption risks.
Analysing of the company in terms of possible risks related to corruption can ensure reduction of
effects that corruption can have on business, such as: 1) reduced business credibility; 2) loss of public trust.
Target value for this indicator is 100%.
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Anti-corruption trainings (ACT) – percentage of entities with trainings for anti-corruption policies
and procedures (GRI, 2011):

𝐴𝐶𝑇 =

𝐸𝑎𝑐

∙ 100 (%)

𝐼

(6)

Where Eac is number of entities that provide trainings for anti-corruption policies and procedures.
Organising employee’s trainings against corruption are showing: 1) employer’s willingness to reduce
the risk of corruption; 2) implementation of anti-corruption policies and procedures. Target value for this
indicator is 100%.
Fair Business Operations
With this mid-point issues such as fair competition, lobbying and compliance with legal requirements
are addressed. The main focused is the potential impact on the employees, shareholders and government
(Simões et al., 2016). The identified indicators for this mid-point category are:
Support for political parties (SPP) – percentage of the revenue allocated to support political parties
in year (GRI, 2011):

𝑆𝑃𝑃 =

∑𝐼𝑖=1 𝐹𝑆𝑖
∑𝐼𝑖=1 𝑅𝑖

∙ 100 (%)

(7)

Where FS is financial support for political parties per entity i; R is revenue of entity i.
Financial support given to political parties can indicate: 1) transparency in political dealing and
relationships of the organization with political parties; 2) engagement in political funding. Target value for
this indicator can be regulated by law, as many countries have legislations regarding financial supports to
political parties (GRI, 2011).
Anti-competitive behaviour (ACB) – average number of legal actions conducted per year (GRI,
2011):

𝐴𝐶𝐵 =

∑𝐼𝑖=1 𝐿𝐴𝑖
𝐼

(no./year)

(8)

Where LA is number of legal actions in entity i.
Execution of legal actions for anti- competitive behaviour, anti-trust, and monopoly practices and their
outcomes can lead to: 1) effects on customer choice; 2) change in pricing the products (GRI, 2011). Target
value for this indicator is 0.
Sanctions for non-compliance with law (NCL) – average annual number of monetary and nonmonetary sanctions for non-compliance with laws (GRI, 2011):

𝑁𝐶𝐿 =

∑𝐼𝑖=1 𝐹𝑖

(9)

𝐼

Where F is total number of monetary and non-monetary sanctions fines per entity i.
Low value of this indicator can show: 1) company’s compliance with laws, such as conform to a certain
performance parameters (GRI 2011); 2) companies’ will to move toward sustainability. Target value for this
indicator is 0.
Stakeholder Participation
Stakeholder participations such as involvement, influence and empowerment in the organisational
business initiatives are considered with this mid-point category (Simões et al. 2016). It is important to make
the evaluation of stakeholders’ participation, since that helps in shaping strategies and implementing better
social sustainable practices (Simões et al., 2016). The indicators identified are described as follows:
Strategic cooperation (STCavg) – average number of strategic cooperation, such as alliances, licensing
and agreements per year:

𝑆𝑇𝐶𝑎𝑣𝑔 =

∑𝐼𝑖=1 𝑆𝑇𝐶𝑖

(10)

𝐼

Where STC is number of strategic cooperation in entity i.
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Strategic cooperation (Mehralian et al., 2013) can lead to: 1) acquisition of new knowledge from other
firms; 2) improving productivity employees.
Community forums (CFtot) – number of community forums, such as web forum for announcing
information open for community (open for comments of stakeholders), organised in the whole supply chain
per year (Labuschagne et al., 2005):
𝐶𝐹𝑡𝑜𝑡 = ∑𝐼𝑖=1 𝐶𝐹𝑖 (no./year)
(11)
Where CF is number of community forums per entity i in given supply chain.
The number of community forums provided by the company is showing: 1) ability of company to
include stakeholders in process of decision making; 2) company’s respecting of stakeholders’ opinions.
Desired values of this indicator are as high as possible.
Complaint channels (CCtot) – annual number of channels where stakeholders can complain
(Labuschagne et al., 2005):
𝐶𝐶𝑡𝑜𝑡 = ∑𝐼𝑖=1 𝐶𝐶𝑖
(12)
Where CC is number of complaint channels in entity i.
Channels for complains can be provided in form of phone complains, online, cell phone applications,
counter services, etc. The number of channels provided for complains can: 1) lead to shaping the strategy
of company according the stakeholders’ needs; 2) show the companies’ willingness to accept complain.
Target value for this indicator is as high as possible.
Effectiveness in response to information request (ERIR) – average number of days needed to
answer to all requests (Hassini et al. 2012):

𝐸𝑅𝐼𝑅 =

∑𝐼𝑖=1 ∑𝐴
𝑎=1 𝐷𝑎,𝑖

(13)

∑𝐼𝑖=1 𝑅𝑖

Where a is number of requests for information in entity i; A is total number of requests for information
per entity i; D is days needed to answer on request for information per entity i.
Regular responses to requests, such as information about the product or any publicly available
information legally guaranteed are ensuring: 1) good communication with all stakeholders; 2) good
availability of information.
Employment involvement in decision making (EmpDM) – percentage of entities that involve
employees (stakeholders) in decision making:

𝐸𝑚𝑝𝐷𝑀 =

𝐸𝑑𝑚
𝐼

× 100 (%)

(14)

Where Edm is number of entities that involve employees (stakeholders) in decision making process.
Involvement of the employees in the process of decision making is showing: 1) that the company
respect the opinions of the employees; 2) initiative in implementing better social sustainability practice.
Target value for this indicator is 100 %.
Consumer Health and Safety
This mid-point category focuses mainly on product, i.e. the environmental and social impact of the
product across its life cycle as well as consumer health and safety threats from product (Simões, 2014). The
evaluation of this mid-point category can be made with the next indicators:
CO2 emission control (CO2) – mass of CO2 emission per one product unit:

𝐶𝑂2 =

∑𝐼𝑖=1 𝑚(𝐶𝑂2 )𝑖
𝑃𝑡𝑜𝑡

(kg CO2/product)

(15)

Where m (CO2) is CO2 emission per entity i; Ptot is total number of final products.
It was shown that reduction of carbon emission can have positive effect on quality of life (Ferris, 2010),
but also monitoring the levels of CO2 emission is significant: 1) due to increased awareness of customers
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about possible negative impacts on environment; 2) because it can indicate concern about environmental
impact of product across life cycle. Target value for this indicator is 0 kg CO2/product.
Health complains (HCavg) – total number of complaints (related to health) per product (Mehralian
et al., 2013):

𝐻𝐶𝑎𝑣𝑔 =

∑𝐼𝑖=1 𝐻𝐶𝑖
𝑃𝑡𝑜𝑡

(compl./poduct)

(16)

Where HC is total number of health complains per entity i; Ptot is total number of final products of the
given supply chain.
Large number of consumer’s complains on product related to health can show: 1) negative social
impact of the product; 2) inability of company to provide healthy and safe product to the consumers. Target
value for this indicator is 0 complains per product.
Product Management and Consumer Satisfaction
With this mid-point impact category interactions between the consumers, the product and the company
are considered. The indicators’ aim in this mid-point is to evaluate issues related to product
commercialisation, brand awareness and legal consumer services procedures (Simões et al., 2016):
Lead time (LT) – Lead time can be defined as time required to finish supply chain cycle (Ahi and
Searcy 2015), i.e. a time required for a process to end. This indicator thus evaluates ratio between total
number of products that have been delivered in planned lead time and total number of products delivered:
∑𝐼

𝑃

𝐿𝑇 = ∑𝐼𝑖=1𝑃 𝑑𝑡,𝑖

(17)

𝑖=1 𝑡𝑜𝑡,𝑖

Where Pdt is number of products delivered in required time per entity i for a given supply chain; Ptot is
total number of products per entity i for a given supply chain.
Short lead time shows: 1) ability of company to provide customer with product in desirable time; 2)
the company’s commitment to fulfil customer needs. Desirable values for this indicator are 100%
Percentage of repeated customers (RCratio) – percentage of repeated customers (Ali et al., 2013):
∑𝐼

𝑅𝐶𝑟𝑎𝑡𝑖𝑜 = ∑𝐼 𝑖=1

𝑅𝐶𝑖

𝑖=1 𝐶𝑡𝑜𝑡,𝑖

× 100 (%)

(18)

Where RC is number of repeated customers per entity i; Ctot is total number of customers per entity i.
High value of this indicator indicate: 1) satisfaction of customers with company’s business and
products; 2) good performance of the company. Target value for this indicator is 100%.
Average period of relationship (REL) – average duration of contracts that company has with their
clients (Mehralian et al., 2013):

𝑅𝐸𝐿 =

∑𝐼𝑖=1 ∑𝐶
𝑐=1 𝑅𝑌𝑐,𝑖
∑𝐼𝑖=1 𝐶𝑖

(years/customer)

(19)

Where RY is years of relation with customer in entity i; C is total number of customers in entity i.
Long duration of the contracts can show: 1) customer’s loyalty to the business; 2) good cooperation
between company and customer. Desirable values for this indicator are as high as possible.
Traceability of product (TP) – Traceability is defined as “the ability to identify and trace the history,
distribution, location, and application of the products, parts, and materials, to ensure the reliability of
sustainably claims, in the areas of human rights, labour (including health and safety), the environment and
anti-corruption” (United Nations Global Compact, 2014; p. 6). Thus this indicator aims in calculating the
percentage of products with successful traceability in supply chain per year:
𝑃

𝑇𝑃 = 𝑃 𝑠𝑡 × 100 (%)

(20)

𝑡𝑜𝑡

Were Pst is number of products with successful traceability in the whole supply chain; Ptot is total number
of final products of given supply chain.
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Traceability of the product keeps track of possible impacts from nature to consumer satisfaction and
health in the whole supply chain (Borit and Santos 2015). Thus, traceability is showing how production is
handled (e.g. safe working environment, equal wages among employees, low environmental impact) through
whole supply chain, what further leads to: 1) better acceptance by consumers; 2) increased sales of the
product. Target value for this indicator is 100%.
Inspection and quality audits (IQA) – percentage of suppliers and contractors that were the subject
to inspections and quality audits, in order to ensure compliances with the product claims on the quality
labels (Tahir and Darton, 2010):

𝐼𝑄𝐴 =

∑𝐼𝑖=1 𝑆𝐶𝑖𝑛𝑠𝑝,𝑖
∑𝐼𝑖=1 𝑆𝐶𝑡𝑜𝑡,𝑖

× 100 (%)

(21)

Where SCinsp is number of contractors of entity i that are subject to inspections; SCtot is total number
of contractors of entity i.
Inspection on suppliers and contractors through supply chain can lead to: 1) increased trust with
suppliers and contractors; 2) better and prolonged cooperation. Target value for this indicator is 100%.
Compliance with regulations (CR) – average number of incidents of non-compliance with
regulations and voluntary codes concerning marketing communications, including advertising, promotion,
and sponsorship occurred per year (GRI, 2011):

𝐶𝑅 =

∑𝐼𝑖=1 𝐼𝑁𝑖
𝐼

(no./year)

(22)

Where IN is total number of incidents in entity i per year.
The number of incidents of non-compliance with regulations and voluntary codes concerning
marketing communications, including advertising, promotion, and sponsorship can lead to: 1) fine or
penalty; 2) warning (GRI, 2011). Target value for this indicator is 0 incidents per year.
Information infringement (II) – number of reported cases of information infringement, such as
credibility of branding, labelling and marketing information:

𝐼𝐼 =

∑𝐼𝑖=1 𝑅𝐶𝑖𝑛𝑓,𝑖

(23)

𝐼

Where RCinf is total number of reported cases of information infringement in entity i.
Credibility of branding, labelling and marketing information is important because of: 1) social
acceptability of product (Tahir & Darton, 2010); 2) elimination of penalties for information infringement.
Target value for this indicator is 0.
Customer privacy (CP) – number of substantiated complaints regarding jeopardizing customer
privacy (GRI, 2011):

𝐶𝑃 =

∑𝐼𝑖=1 𝐶𝑂𝑀𝑖

(24)

𝐼

Where COM is total number of complaints per entity i.
Breaches of customer privacy and losses of customer data can lead to: 1) high costs; 2) loosing of
customer trust. The target value for this indicator is 0 complains per year.

4.2. Validation
As previously mentioned content analysis is conducted for the purpose of validating the developed
indicators. Validation should show how issues covered by the indicators are addressed in the sustainability
reports of the companies of all supply chains’ echelons. It is done by analysing occurrence of the content
specific keywords (Table A2) in the sustainability reports. In total, 141 sustainability reports were selected
for this analysis (see section “Methodology”). The results obtained from the content analysis for the 24
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indicators are shown in Figure 3, from where it can be seen that most part of the indicators identified are
used in the SC sustainability reports.
The summary of content analysis presented in Figure 3 shows that the content specific keywords are
occurring in the sustainability reports of companies belonging to all echelons of supply chain. This indicates
that the issues covered by the proposed indicators have been addressed by the companies, thus indicating
that the proposed indicators can be used for the social sustainability assessment of the whole supply chain.
However in the Figure 3 it can be also observed differences of the keyword occurrence. Thus one can
identify CO2 emission control (CO2), risk of corruption (RofC), percentage of repeated customers (RCratio),
employees trained for anti-corruption (ACT) and strategic cooperation (STCavg) as top five indicators, i.e.
indicators with the highest percentage of keyword occurrence, what can indicate that these indicators are
more reported and assessed by the companies. It is reasonable that CO2 emission has the highest keywords
occurrence, as CO2 presents the highest percentage of GHGs (greenhouse gases) that have a great influence
on climate change and quality of life (Ferriss, 2010). What can also be observed from Figure 3 is that the
keyword occurrence for CO2 emission is highest for midstream echelon. That can be explained by the fact
that midstream echelon involve production and assembly (Meckenstock et al., 2015), what is one of the
main sources of CO2 emission (Martínez & Fransoo, 2017). Further, it can be observed that corruption is
of high concern, where percentage of keyword occurrence decreases by moving from upstream to
downstream echelon. This trend is expected as upstream companies are from oil and gas, mining, materials
and utilities sector, which were identified as sectors with highest risk for corruption by Bribe payers index
report from 2011 (Hardoon & Heinrich, 2011). Percentage of repeated customers is reasonably in the top
five indicators as customer loyalty is essential for business’ profit and its survival (Kasemsap, 2016). And
finally, strategic cooperation reflects its importance in fulfilling customers’ needs and maximizing the profit,
benefits and efficiency of supply chains (Omri, 2010).
Apart from top five, as bottom five reported indicators employment involvement in decision making
(EmpDM), information infringement (II), effectiveness in response to information request (ERIR), customer
privacy (CP) and traceability of product (TP) are identified. The low values of keyword occurrence are
indicating a reduced companies’ interest in the issues covered by these indicators. Thus, even though
involvement of employees in decision making is significant for various reasons (improving job satisfaction,
increased commitment of employees, etc.) (Irawanto, 2015) results of content analysis showed low values,
i.e. companies’ lower interest in this issue. Even tough through supply chain is possible to request for
information, the companies used for content analysis didn’t not put much attention to this issue in their
sustainability reports. Similarly, information infringement and customer privacy didn’t receive enough
interest from the companies. Finally, the traceability of products is most common in the food industry as
recently there was many food related scandals, such as the presence of horsemeat in frozen beef products
(Borit & Santos, 2015). Thus by considering the sources of sustainability reports, i.e. the sectors whose
sustainability reports were used, it is expected that results of the content analysis show low values for
indicator traceability of products. Especially because only several analysed sustainability reports belong to
the food sector.
Additionally, as it can be noticed from the Figure 3 there are significant differences among relative
frequencies of the keywords between indicators. For that reason, it was decided to investigate what can
influence this behaviour.
Consequently a breakdown by the type of industry is made (Table 2). Thus, from Table 2 can be noticed
that some indicators are showing zero values for particular types of industries. These zero values go in line
with the bottom five indicators, i.e. they are those that show zero values for the particular types of the
industries. So by observing Figure 4a, one can notice the percentage of industries with zero values for
particular indicators. For instance indicator information infringement (II) showed zero values for majority
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of upstream industries. While indicator employment involvement in decision making (EmpDM) showed
zero values for almost equal number of industries of all echelons. This kind of variation can indicate that
the frequency of keywords can be affected by the echelon level influence.
However different observation can be obtained when observing the percentage of indicators that were
not addressed by a particular sector (Figure 4b). Namely it can be noticed that utilities, automotive,
consumer goods and telecommunication are not showing zero values for any of the proposed indicators. It
means that these sectors are addressing all issues covered by the proposed indicators. While oil and gas
showed highest percentage of indicators with zero values, but only for the indicators of ‘Product
management and customer satisfaction’ aspect, more specifically for indicators traceability of products (TP),
information infringement (II) and customer privacy (CP). These observations can indicate the influence of
the type of sector on the relative frequencies of the keywords, meaning that the relevance of the indicators
can be affected by the type of sector in the echelon of supply chain.

Figure 3. Overall results of content analysis
Source: Authors’ results

Based on previous results and discussion three conclusions can be drawn. First, by observing the overall
result of the content analysis (Figure 3) one can comprehend that all indicators can be considered as generic
and thus can be used for the assessment of the whole supply chain. However further analysis of the content
analysis can indicate that the keyword occurrence, i.e. importance of the indicators depends on:
Echelon level, i.e. the importance of indicators depends on the type of echelon;
Type of industry, i.e. different industrial sectors prefer different social sustainability aspects and
indicators.
Similarly, previous literature showed that the majority of the approaches for sustainability assessment
differ in their perspectives, from development and usage of general set of indicators to the development
and usage of industry, process or product specific indicators (Veleva et al., 2001; Labuschagne et al., 2005;
Rahdari & Rostamy, 2015; Fritz et al., 2017). The conclusions of this work and the findings from previous
literature, can be summarized as model for the assessment of social sustainability of supply chains (Figure 5).
The aim of this model is to address the issue of social sustainability on 3 different levels i.e. supply chain
level, echelon level and industry level. Thus it can be stated that there should exist three different sets of
indicators:
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Generic indicators, suitable for the social sustainability assessment of 7 mid-point impact
categories (designated by colour in Figure 5) of the whole supply chain;
 Echelon indicator, suitable for the social sustainability assessment of 7 mid-point impact
categories (designated by colour in Figure 5) of each echelon level (upstream, midstream,
downstream);
 Specific indicators, suitable for the social sustainability assessment of 7 mid-point impact
categories (designated by colour in Figure 5) at industry level.
Table 2
Percentage of coded words for upstream, midstream and downstream echelon – breakdown by type of
industry
Midstream**

Downstream***

Mid-point
Ind.
Community
SSN
funding
and
SDR
support
(CF&S)
Total CF&S

UP1

Upstream*
UP2 UP3

UP4 MID1 MID2 MID3 MID4 DOWN1 DOWN2 DOWN3 DOWN4

1.10

1.24

7.61

2.16

8.08

2.83

5.83

3.61

0.74

13.45

2.24

2.84

1.10 17.81

4.99

2.72

0.82

3.44

0.61

1.16

6.67

4.06

1.53

2.65

2.20 19.05 12.60

Community
CoC
involvement
VA
(CI)
Total CI

0.88
1.54

Corruption in RofC
business (CinB) VA
Total CinB
Fair business SPP
ACB
operations
(FBO)
NCL
Total FBO

1.54
2.20
3.08
6.83

1.04
1.45
0.62
3.11

STCavg
CFtot
CCtot
Stakeholder
ERIR
participation
(SP)
EmpDM
Total SP

2.42 4.97
1.10 6.42
1.32 1.04
0.66 0.21
0
0.62
5.51 13.25

4.88

8.90

6.27

6.43

4.77

7.41

17.51

3.78

5.49

7.25
3.11

0.26
4.99

0.75
4.69

0.18
1.82

0.74
3.44

0.36
2.55

0.64
1.80

0
6.17

0.51
3.55

0.12
8.62

0
2.65

2,42 10.35

5.25

5.45

2.00

4.18

2.91

2.45

6.17

4.06

8.74

2.65

5.29 12.42 7.87
1.76 8.49 9.97
7.05 20.91 17.85

6.57
1.97
8.54

7.54 6.39
2.63 6.51
10.17 12.90

3.52
4.37
7.89

13.14
6.06
19.20

7.65
2.72
10.37

6.35
3.30
9.64

5.79
3.31
9.09

7.95
6.25
14.20

0.52
1.84
1.05
3.41

1.50
1.60
2.16
5.26

1.27
1.73
1.73
4.72

0.12
1.70
1.94
3.76

0.77
1.29
1.42
3.48

3.95
0.49
0.99
5.43

1.27
1.52
0.76
3.55

1.18
1.30
0.71
3.19

0.38
2.08
1.33
3.79

2.89
1.31
1.31
0.26
0.79
6.56

5.92 7.36 8.11 4.00
1.88 1.00 2.21 1.09
4.13 2.00 1.35 5.95
0.47 0.09 0.12 0.36
0.47 0.45 0.25
0
12.86 10.90 12.04 11.41

2.71
0.90
2.06
0
0
5.67

2.72
1.48
4.69
0.99
0
9.88

5.33
2.03
5.08
0
0
12.44

4.72
2.72
11.10
0.59
0.47
19.60

2.27
3.22
4.36
0.19
0.38
10.42

Consumer
CO2
health
and HCavg
safety (CH&S)
Total CH&S

58.81 15.32 30.45 42.25 41.05 37.84 43.81 44.85
1.76 0.83 3.94 2.07 2.18 1.97 1.09 0.26

24.94
8.40

27.41
2.79

27.04
1.06

49.81
0

60.57 16.15 34.38 44.32 43.23 39.80 44.90 45.10

33.33

30.20

28.10

49.81

SCCT
RCratio
REL
TP
Product
IQA
management
CR
and consumer
II
satisfaction
(PM&CS)
CP

1.76
0
1.57 1.97 1.91 0.25 2.67 2.84
5.07 1.66 4.72 4.88 8.72 2.09 6.92 8.63
3.74 6.83 6.56 1.41 3.63 3.93 2.31 2.58
0.22 0.41
0
1.31 0.09 3.69 1.21 0.39
1.32 6.21 6.04 6.01 3.18 2.95 5.22 2.71
2.86 1.66 1.05 2.35 2.09 8.11 2.06 1.42
0
0
0
0.19 0.27 0.12 1.21 0.13
0.44 0.41
0
0.56 0.18 0.25 1.09 0.64
15.42 17.18 19.95 18.69 20.07 21.38 22.69 19.33

2.47
10.12
8.40
1.23
1.48
3.46
0.25
0
27.41

0.76
8.88
2.03
3.05
5.33
1.78
0.25
0.51
22.59

0.94
14.05
3.07
1.53
2.01
3.66
0.59
1.65
27.51

0.38
5.49
1.33
0.19
4.73
0.95
0.19
0.38
13.64

100

100

100

100

Total PM&CS
TOTAL

100

100

100

100

100

0.74
1.35
1.35
3.44

100

100

100

Source: Authors’ results. *UP1 – Materials, UP2 – Mining, UP3 – Oil&Gas, UP4 – Utilities; **MID1 –
Automotive, MID2 – Consumer goods, MID3 – Electronics, MID4 – Industrials; ***DOWN1 – Financials,
DOWN2 – Retail, DOWN3 – Telecommunication, DOWN4 – Transport&Logistics
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Figure 4. a) Percentage of industries with zero values for particular indicators: b) Percentage of
indicators with zero values (breakdown by type of industry)
Source: Authors’ results.

Figure 5. Model for social sustainability assessment of supply chains
Source: Authors’ results

Following these conclusions, the influence of echelon level on the indicators’ importance will be
verified, while the other conclusions will be subject of future work. Primarily was selected to evaluate if
echelon level have some effect on the keyword occurrence. This is done by ANOVA analysis that shows if
there is any statistical significance among the mean values of the content analysis. Obtained results are
presented in following sub-section.

4.3. Analysis of variance (ANOVA)
ANOVA analysis was performed in order to check if the differences in the relative keyword occurrence
are affected by the echelon level. That will show the effect of echelon level on the usage of indicators. For
that matter p-value is observed, i.e. if p-value is below 0.05 it means that there is statistical difference
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between mean values of percentage of keywords for the different echelons and thus it indicates that echelon
level affects the percentage of keywords occurrence. More specifically that importance of indicators depends
on the SCs’ echelon level.
Due to huge data variety, an equal sample size had to be generated based on the following criteria: 1)
picking the lowest common number of companies that address issues covered by more than 50% of
indicators (> 12 indicators), i.e. each of them gathered 11 companies in total; 2) calculation of mean relative
value of keywords occurrence for each company and picking those companies which had a higher mean
relative value. Due to fact that whole sample of 141 sustainability repots included much more companies
that addressed issues covered by more than 50% of indicators (more than 30% of total sample), the overall
results from Figure 3 were also included in the sample that so as not to miss important data. Consequently,
the final sample for ANOVA analysis was 36.
Results of ANOVA analysis are shown in Table 3, from where it can be observed that all p-values are
above 0.05. So there is no statistical difference between the mean values of word counts of different
echelons. In that case it can be concluded that echelon level doesn’t influence keyword frequency in
sustainability reports, i.e. all indicators can be observed as generic.
Table 3
Results of ANOVA analysis
Mid-point impact
category
Community funding and
support

Community involvement

Corruption in business

Fair business operations

Stakeholder participation

Indicator

P-Value

SDR

0.56

Mid-point impact category

Consumer health and
product impact

Indicator

P-Value

CO2

0.98

HCavg

0.80

LT

0.88

RCratio

0.57

REL

0.99

TP

0.73

SSN

0.94

CoC

0.34

VA

0.74

RofC

0.99

ACT

0.96

SPP

0.83

ACB

0.95

NCL

0.81

STCavg

0.96

IQA

0.94

CFtot

0.82

CR

0.95

CCtot

0.48

II

0.45

ERIR

0.63

CP

0.80

EmpDM

0.79

Product management and
consumer satisfaction

Source: Authors’ results
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5. CONCLUSION
Current literature has proposed various ways for social sustainability assessment, however the lack of a clear
definition of indicators and their quantitative characteristics still remains as an issue. This study aims to tackle these
drawbacks and proposes a set of quantitative indicators suitable for social sustainability assessment of supply chains.
Aspects covered by the indicators proposed in this work are focused on society and product responsibility.
Through literature review, a set of 24 indicators was identified and characterized with definition, relevance and
equation. This characterization helps by providing relevant information for the monitoring social sustainability
progress in supply chains. Furthermore, decision makers can benefit from the information obtained by this indicators
in the process of designing and planning supply chains, as sustainability indicators are key tools that provide the basis
for the decision-making process.
Validation of the proposed indicators has been performed through a content analysis, showing that the proposed
indicators are suitable for the assessment of the whole supply chain. However, differences in the percentage of
keywords occurrence can indicate that the relevance of the indicators depends on: (i) different echelon levels and (ii)
different sectors. These conclusions further led to the development of a model for the assessment of the supply chains
on 3 different levels. It means that there should exist three sets of indicators: (i) generic indicators suitable for the
assessment of the whole supply chain regardless the product or service, (ii) echelon level indicators suitable for the
assessment of social sustainability on echelon level, and (iii) specific indicators that are developed specifically for the
assessment of particular industry sector.
Finally by performing one-way statistical analysis it was concluded that the echelon level doesn’t influence the
percentage of the keyword occurrence for proposed indicators. But also it can be concluded that some of the indicators
are less relevant depending on the type of the industry. Thus future work should focus on the further analysis of
impacts on indicator’s importance. It means that thorough observation of sector specific indicators should be
performed, as well as their further development. Also face-to-face in depth interviews should be performed so that
better compatibility of proposed indicators with social sustainability assessment can be made. Further possibility of
establishing real case study would enable calculation of the indicators and even better validation of indicators, and
more importantly it would answer the questions on the indicators’ relevance, data accessibility, etc.
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APPENDIXES
Table A1
List of sustainability reports used for content analysis
Industry

Company

Year

Pages

GRI
Version

Region

Country

Generic
Echelon

Mining

Agnico-Eagle Mines

2011

109

GRI3.1

NA

CA

Upstream

Mining

Anglo Platinum

2011

172

GRI3

AF

ZA

Upstream

Mining

AngloAmerican

2011

82

GRI3.1

EU

UK

Upstream

Mining

AngloGold Ashanti

2011

64

GRI3

AF

ZA

Upstream

Mining

Barric Gold
Corporation

2011

144

GRI3

NA

CA

Upstream

Mining

BHP Billiton

2011

54

GRI3

OC

AU

Upstream

Mining

Codelco

2011

84

GRI3.1

SA

CL

Upstream

Mining

Freeport-McMoRan

2011

36

GRI3

NA

US

Upstream

Mining

Kinross

2011

133

GRI3

NA

CA

Upstream

Mining

Lonmin

2011

81

GRI3

EU

UK

Upstream

Mining

Teck

2011

118

GRI3

NA

CA

Upstream

Mining

Xstrata

2011

68

GRI3

EU

CH

Upstream

Oil and Gas

Amec

2010

53

GRI3

EU

UK

Upstream

Oil and Gas

BG Group

2010

42

GRI3

EU

UK

Upstream

Oil and Gas

ENI

2010

36

GRI3

EU

IT

Upstream

Oil and Gas

Nexen

2010

28

GRI3

NA

CA

Upstream

Oil and Gas

Repsol

2010

115

GRI3

EU

ES

Upstream

Oil and Gas

S-OIL

2010

74

GRI3

AS

KR

Upstream

Oil and Gas

Saipem

2011

84

GRI3

EU

IT

Upstream

Oil and Gas

Santos

2011

62

GRI3.1

OC

AU

Upstream

Oil and Gas

Sasol

2011

69

GRI3.1

AF

ZA

Upstream

Oil and Gas

SBM Offshore

2010

118

GRI3

EU

NL

Upstream

Oil and Gas

Suncor

2011

26

GRI3

NA

CA

Upstream

Oil and Gas

Total

2010

80

GRI3

EU

FR

Upstream

Oil and Gas

Woodside
Petroleum

2011

39

GRI3

OC

AU

Upstream
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Materials

CRH

2010

84

GRI3

EU

IE

Upstream

Materials

Dow Chemical

2010

94

GRI3

NA

US

Upstream

Materials

Holcim

2009

40

GRI3

EU

CH

Upstream

Materials

Italcementi Group

2010

72

GRI3

EU

IT

Upstream

Materials

Lafarge

2010

44

GRI3

EU

FR

Upstream

Materials

Linde

2010

116

GRI3.1

EU

DE

Upstream

Materials

Praxair

2010

79

GRI3

NA

US

Upstream

Materials

SCG

2010

108

GRI3

AS

TH

Upstream

Utilities

AGL Energy

2011

105

GRI3

OC

AU

Upstream

Utilities

Duke Energy

2011

36

GRI3

NA

US

Upstream

Utilities

E.ON

2011

129

GRI3

EU

DE

Upstream

Utilities

Exelon

2011

114

GRI3.1

NA

US

Upstream

Utilities

Fortum

2011

124

GRI3.1

EU

FI

Upstream

Utilities

Iberdrola

2011

255

GRI3.1

EU

ES

Upstream

Utilities

PG&E

2011

224

GRI3

NA

US

Upstream

Utilities

Red Electrica

2011

184

GRI3.1

EU

ES

Upstream

Utilities

RWE

2011

142

GRI3

EU

DE

Upstream

Utilities

Sempra Energy

2011

70

GRI3.1

NA

US

Upstream

Utilities

Snam

2011

102

GRI3.1

EU

IT

Upstream

Utilities

Spectra Energy

2011

30

GRI3.1

NA

US

Upstream

Utilities

Terna

2011

220

GRI3.1

EU

IT

Upstream

Industrials

3M

2011

107

GRI3.1

NA

US

Midstream

Industrials

Atlas Copco

2011

28

GRI3

EU

SE

Midstream

Industrials

Bombardier

2010

169

GRI3

NA

CA

Midstream

Industrials

Daikin

2011

32

GRI3

AS

JP

Midstream

Industrials

Finmeccanica

2010

160

GRI3

EU

IT

Midstream

Industrials

General Electric

2011

42

GRI3

NA

US

Midstream

Industrials

Hyundai
Engineering &
Construction

2010

75

GRI3.1

AS

KR

Midstream

Industrials

Ingersoll Rand

2011

75

GRI3.1

NA

US

Midstream

Industrials

Komatsu

2011

52

GRI3.1

AS

JP

Midstream
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Industrials

Metso

2011

57

GRI3.1

EU

FI

Midstream

Industrials

Sandvik

2011

13

GRI3

EU

SE

Midstream

Industrials

Siemens

2011

90

GRI3

EU

DE

Midstream

Industrials

STX Engine

2011

71

GRI3.1

AS

KR

Midstream

Industrials

Sulzer

2011

16

GRI3

EU

CH

Midstream

Industrials

Toshiba

2011

60

GRI3

AS

JP

Midstream

Industrials

Volvo Group

2011

101

GRI3

EU

SE

Midstream

Consumer
Goods

Avon

2011

157

GRI3

NA

US

Midstream

Consumer
Goods

Campbell Soup
Company

2011

122

GRI3

NA

US

Midstream

Consumer
Goods

Coca-Cola Company

2011

95

GRI3.1

NA

US

Midstream

Consumer
Goods

Danisco

2011

94

GRI3

EU

DK

Midstream

Consumer
Goods

Diageo

2011

96

GRI3

EU

UK

Midstream

Consumer
Goods

Estée Lauder

2010

54

GRI3

NA

US

Midstream

Consumer
Goods

Fujifilm

2011

74

GRI3

AS

JP

Midstream

Consumer
Goods

Henkel

2011

50

GRI3

EU

DE

Midstream

Consumer
Goods

Kao

2011

131

GRI3

AS

JP

Midstream

Consumer
Goods

Kimberly-Clark

2011

141

GRI3

NA

US

Midstream

Consumer
Goods

Néstle

2011

295

GRI3.1

EU

CH

Midstream

Consumer
Goods

Procter&Gamble

2011

76

GRI3

NA

US

Midstream

Consumer
Goods

Sara Lee

2011

68

GRI3.1

NA

US

Midstream

Consumer
Goods

SCA

2011

78

GRI3

EU

SE

Midstream

Consumer
Goods

Unilever

2011

44

GRI3

EU

NL

Midstream
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Electronics

AU Optronics

2011

81

GRI3.1

AS

TW

Midstream

Electronics

NEC

2011

28

GRI3.1

AS

JP

Midstream

Electronics

Fujitsu

2010

100

GRI3.1

AS

JP

Midstream

Electronics

Hewlett Packard

2011

186

GRI3

NA

US

Midstream

Electronics

Epson

2011

70

GRI3.1

AS

JP

Midstream

Electronics

TDK

2011

29

GRI3

AS

JP

Midstream

Electronics

Panasonic

2011

84

GRI3.1

AS

JP

Midstream

Electronics

LG Electronics

2011

90

GRI3.1

AS

KR

Midstream

Electronics

Intel

2011

133

GRI3.1

NA

US

Midstream

Electronics

SK hynix

2011

102

GRI3.1

AS

KR

Midstream

Electronics

STMicroelectronics

2011

72

GRI3

EU

CH

Midstream

Electronics

Konica Minolta

2011

44

GRI3

AS

JP

Midstream

Automotive

BMW

2010

120

GRI3

EU

DE

Midstream

Automotive

Daimler

2011

120

GRI3.1

EU

DE

Midstream

Automotive

Denso

2011

92

GRI3

AS

JP

Midstream

Automotive

Fiat

2011

268

GRI3.1

EU

IT

Midstream

Automotive

Hyundai Motor

2010

86

GRI3

AD

KR

Midstream

Automotive

Johnson Controls

2011

241

GRI3.1

NA

US

Midstream

Automotive

Mazda

2011

139

GRI3.1

AS

JP

Midstream

Automotive

Nissan

2011

88

GRI3.1

AS

JP

Midstream

Automotive

Pirelli

2011

161

GRI3.1

EU

IT

Midstream

Automotive

Volkswagen

2011

104

GRI3

EU

DE

Midstream

Transport and
Logistics

Abertis

2011

105

GRI3.1

EU

ES

Downstream

Transport and
Logistics

Air France-KLM

2011

80

GRI3.1

EU

FR

Downstream

Transport and
Logistics

Ball

2011

30

GRI3.1

NA

US

Downstream

Transport and
Logistics

Cathay Pacific
Airways

2011

154

GRI3.1

AS

CN

Downstream

Transport and
Logistics

Deutsche Post DHL

2011

88

GRI3

EU

DE

Downstream
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Transport and
Logistics

Fraport

2011

49

GRI3.1

EU

DE

Downstream

Transport and
Logistics

Maersk

2011

82

GRI3

EU

DK

Downstream

Transport and
Logistics

Nippon Yusen
Kaisha

2011

52

GRI3.1

AS

JP

Downstream

Transport and
Logistics

Transurban

2011

40

GRI3

OC

AU

Downstream

Transport and
Logistics

United Parcel
Service

2011

149

GRI3.1

NA

US

Downstream

Retail

Ahold

2011

76

GRI3

EU

NL

Downstream

Retail

Hennes & Mauritz

2011

89

GRI3

EU

SE

Downstream

Retail

Kesko

2010

94

GRI3

EU

FI

Downstream

Retail

Kingfisher

2010

111

GRI3.1

EU

UK

Downstream

Retail

Lotte Shopping

2010

120

GRI3

AS

KR

Downstream

Retail

Marks & Spencer

2010

56

GRI3.1

EU

UK

Downstream

Retail

Office Depot

2010

24

GRI3

NA

CA

Downstream

Retail

Staples

2010

91

GRI3

NA

US

Downstream

Retail

Wesfarmers

2011

76

GRI3

OC

AU

Downstream

Telecommunicat
ions

BT Group

2011

255

GRI3.1

EU

UK

Downstream

Telecommunicat
ions

France TelecomOrange

2011

160

GRI3

EU

FR

Downstream

Telecommunicat
ions

KPN

2011

72

GRI3.1

EU

NL

Downstream

Telecommunicat
ions

KT

2011

54

GRI3.1

AD

KR

Downstream

Telecommunicat
ions

Portugal Telecom

2011

165

GRI3.1

EU

PT

Downstream

Telecommunicat
ions

SK Telecom

2011

64

GRI3.1

AD

KR

Downstream

Telecommunicat
ions

Telecom Italia

2011

144

GRI3.1

EU

IT

Downstream

Telecommunicat
ions

Telefónica

2011

90

GRI3.1

EU

ES

Downstream

Telecommunicat
ions

Telenor

2011

43

GRI3.1

EU

NO

Downstream
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Telecommunicat
ions

TeliaSonera

2011

45

GRI3.1

EU

SE

Downstream

Telecommunicat
ions

Telstra

2011

79

GRI3

OC

AU

Downstream

Telecommunicat
ions

Vodafone Group

2011

24

GRI3

EU

UK

Downstream

Financials

Banca Monte dei
Paschi di Siena

2010

120

GRI3

EU

IT

Downstream

Financials

Barclays

2010

103

GRI3

EU

UK

Downstream

Financials

Bradesco

2010

60

GRI3

SA

BR

Downstream

Financials

CIBC

2011

85

GRI3

NA

CA

Downstream

Financials

Dexia

2010

48

GRI3

EU

BE

Downstream

Financials

DnB NOR

2009

32

GRI3

EU

NO

Downstream

Financials

Intesa Sanpaolo

2010

120

GRI3

EU

IT

Downstream

Financials

Nedbank Group

2009

96

GRI3

AF

ZA

Downstream

Financials

Royal Bank of
Canada

2011

131

GRI3

NA

CA

Downstream

Financials

Royal Bank of
Scotland

2010

44

GRI3

EU

UK

Downstream

Financials

Westpac Group

2011

44

GRI3

OC

AU

Downstream

TOTAL

141 companies

13148
pgs.

Source: Companies’ GRI reports
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Table A2
Keywords defined for content analysis
Mid-point

Indicator

Community funding and
support

SSN

Satisfaction of social needs

Social contribution;
contribution to community;
community contribution

SDR

Share of distributed revenues

Community investments;
community programme

CoC

Community complains

(community) complains

VA

Volunteering activities

Volunteering (in community)

RofC

Risk of corruption

Corruption

ACT

Employees trained for anticorruption

Anti-corruption

SPP

Support for political parties

Political support; political
party

ACB

Anti-competitive behaviour

Anti-competitive; anti-trust;
monopoly

NCL

Sanctions for non-compliance
with law

Compliance with law

STCavg

Strategic cooperation

Alliances; licensing

CFtot

Community forums

Forum

CCtot

Complaint channels

Channel

ERIR

Effectiveness in response to
information request

Information request; request
for information

EmpDM

Employment involvement in
decision making

Employee engagement;
employee involvement;
engagement of employee

CO2

CO2 emission

CO2; carbon-dioxide

HCavg

Health complains

(customer) complains

LT

Lead time

Customer needs

RCratio

Percentage of repeated customers

Customer satisfaction;
company performance

REL

Average period of relationship

Relationship

TP

Traceability of product

Traceability

IQA

Inspection and quality audits

Quality audits

Community involvement

Corruption in business

Fair business operations

Stakeholder participation

Consumer health and safety

Product management and
consumer satisfaction

Keywords
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CR

Compliance with regulations

Advertising

II

Information infringement

Copyright

CP

Customer privacy

Customer privacy

Source: Authors’ database
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Despite the increased interest in social sustainability there is still lack of information for the social
assessment, as well as a lack of appropriate quantitative social sustainability indicators to perform such
assessment. In this paper, there is proposed a set of 31 quantitative social sustainability indicators
enabling the evaluation of the whole supply chain. In particular, the issues related to labor practices and
decent work, as well as human rights are analyzed. The indicators are developed based on literature
review and validated by a content analysis of 141 sustainability reports, which cover all echelons (upstream, midstream, downstream) of supply chains. By considering differences that exist within different
echelons of the supply chain, one-way statistical analysis (ANOVA) is performed in order to decide
whether echelons affect the relevance of the indicators. Finally, using data available in sustainability
reports the applicability of indicators is tested. Results of the content analysis showed that issues covered
by all 31 indicators are addressed implicitly by companies in their sustainability reports, while ANOVA
analysis showed that the type of echelon does not impact the relevance of the indicators, being this set of
indicators a generic approach to holistic assessment of the supply chain. Further, it was veriﬁed how
these indicators can be used for the assessment of the whole supply chain. Thus, the proposed indicators
can be used for both performance assessment, as well as for periodical monitoring of the supply chains;
they can also be an important tool in policy making.
© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction
European Commission considers sustainability as one of the
priority goals for today's projects and future investments. From
academic institutions to industry, the topic has been recently
featuring high on the research agenda. Thus, many ﬁrms have
started to integrate sustainability into their business models, but its
integration into the whole supply chain remains a challenge (Ahi
and Searcy, 2015a).
When analysing sustainability in supply chains the most
commonly used concepts are green supply chain management
(GSCM) and sustainable supply chain management (SSCM). Even
though these concepts are used interchangeably, scholars argue
that SSCM can be understood as an extension of GSCM as the focus

* Corresponding author.
E-mail address: popovic.tamara.pt@gmail.com (T. Popovic).
https://doi.org/10.1016/j.jclepro.2018.01.142
0959-6526/© 2018 Elsevier Ltd. All rights reserved.

from the environmental dimension is extended to economic and
social dimensions (Ahi and Searcy, 2015a). Seuring and Müller
(2008, p.1700) proposed a widely accepted deﬁnition of sustainable supply chains, which reads: ”The management of material, information and capital ﬂows as well as cooperation among companies
along the supply chain while taking goals from all three dimensions of
sustainable development, i.e., economic, environmental and social,
into account which are derived from customer and stakeholder
requirements.”
Understandably, supply chain (hereinafter referred to as SC)
sustainability assessment is today a need for any organization.
However, lack of information and knowledge on sustainable SCs
hinders the possibility of its full assessment (Mani et al., 2015). The
achievement of sustainable SCs is driven by a desire to address all
dimensions of sustainability, i.e. the achievement of economic,
environmental and social goals. The main purpose is to have sustainable SCs that equally address economic, environmental and
social dimensions. However, there is a scarcity of information
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resulting in unbalanced research on the particular aspects of sustainability. Namely, social dimension has been the least investigated one (Taticchi et al., 2013; Ahi and Searcy, 2015b). Thus, it is
evident that there is a research gap in this area and therefore there
is a need for further research on social sustainability.
Moreover, increased attention paid to social issues in SCs is also
a result of the growing pressures from government, customers,
NGOs and stakeholders (Andersen and Skjoett-Larsen, 2009; Mani
et al., 2016) who are demanding more transparency along SCs (Fritz
et al., 2017). In this context companies started to recognize the need
of incorporating social sustainability into their business, not just at
the corporate level but also at the SC level (Vachon and Mao, 2008).
Due to competition between ﬁrms, sustainable SCs become cornerstones of any business (Andersen and Skjoett-Larsen, 2009;
Gold et al., 2010), meaning that “[…] best supply chain practices
require more transparency along the chain because the social implications of an organization is the sum of the impacts from the inputs
and outputs generated throughout the supply chain on the society”,
(Vachon and Mao, 2008, p.1554). Thus, if companies want to
improve social sustainability, they should be able to assess their
performance, but, as mentioned, social sustainability is the most
difﬁcult sustainability pillar to assess due to the inability to determine which impacts should be considered (Hutchins and
Sutherland, 2008) and how to quantify them (Beske-Janssen
et al., 2015).
It is generally accepted that social sustainability indicators
should contemplate areas of assessment such as health, safety,
human rights, child labor, labor issues (bonded labor, gender
discrimination, etc), community initiatives, employment beneﬁts
kely and Knirsch, 2005; Kruse et al., 2009).
(Mani et al., 2014; Sze
Similarly, the above mentioned issues are covered by the Global
Reporting Initiative (GRI) through classiﬁcation of the social sustainability into four sub-categories: labor practices and decent
work, human rights, society, and product responsibility. While the
social life cycle assessment (sLCA) considers the creation of two
impact categories: end-point and mid-point for which indicators
are assigned (UNEP, 2009). Following the approaches of GRI and
~es et al. (2016) used social LCA principles and GRI subsLCA, Simo
categories to reinforce mid-point and end-point impact categories. But although this work introduced and deﬁned mid-point
impact categories, the authors did not identify relevant indicators
to use. Additionally, due to relatively limited literature on social
sustainability, there is generally a lack of agreement as to which
metrics/indicators should be used. Hence, measuring social sustainability in a quantitative form has currently become a very
important research topic (Ahi and Searcy, 2015b). Measures should
be developed in order to give meaning to social concerns since as
stated by Engelman (2013) when something cannot be measured it
cannot be managed. As such, indicators play a major role in the
process of performance assessment and monitoring towards
deﬁned goals. Apart from that, the usage of indicators is crucial in
the decision making process as they provide valuable information
(Munier, 2005, p. 265) to support decisions. This is especially the
case of quantitative measures, which clearly inform decisionmakers (Taticchi et al., 2015).
From the aforementioned analysis, several research gaps can be
identiﬁed: 1) there is a lack of consensus on social impact categories, 2) there is a lack of quantitative social sustainability indicators; and 3) there is a lack of an appropriate method that could
enable the assessment of social sustainability across the SC. In order
to contribute to bridging these gaps, the aim of this work is to
propose a relevant set of quantitative indicators suitable for the
assessment of social sustainability for end- and mid-point impact
categories, as represented in Fig. 1, across the whole SC. However,
due to the large scope of these impact categories, it was decided to
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address in this work only labor practice and decent work, and
human rights end-points, while the remaining end-points (society
and product responsibility) will be the subject of a separate work.
Knowing that traditional SCs are composed of a set of connected
ﬁrms that involve raw material extraction and transformation
(upstream echelon), production and assembly (midstream echelon), and sales and services (downstream echelon) as proposed by
Meckenstock et al. (2015), this study takes into consideration these
different echelons when assessing social sustainability. Using this
SC characterization, this work will try to answer the following
research question:
RQ 1. What are the generic and quantitative social sustainability
indicators that can assess (i) labor practice and decent work, and (ii)
human rights in supply chains?
To answer the aforementioned research question, this work
explored four main methodologies: literature review, content
analysis, one-way statistical analysis (ANOVA), and empirical
analysis. Literature review helped identify the taxonomy of indicators i.e. divide them into qualitative, semi-qualitative and
quantitative indicators. Identiﬁed 172 indicators were further
classiﬁed according to the mid-point impact categories (Fig. 1), (i)
labor practice and decent work, and (ii) human rights. Scarcity of
the quantitative formula and poor clariﬁcation of the relevance of
identiﬁed indicators lead to the need of further detailed analysis.
Thus, the initial set of 172 indicators was further studied in order to
eliminate (i) indicators for which it was not possible to ﬁnd the
mathematical formula; (ii) indicators that were repeated in two or
more articles; (iii) indicators that relate with the same issue. This
resulted in a ﬁnal set of 31 quantitative indicators, comprising
content and context information.
The validation of the proposed indicators was performed using
content analysis of 141 sustainability reports from companies of all
SC's echelons. The role of the content analysis is to show whether
the indicators are generic, i.e. it should show if the issues covered
by the indicators are addressed in sustainability reports of companies representing all SCs echelons. Furthermore, by recognizing
differences among SC echelons, this work tries to verify if echelon
levels have impact on the relevance of the indicators. This is done
with one-way statistical analysis (ANOVA). Finally, the applicability
of the indicators was conﬁrmed by empirical analysis, i.e. by
calculating the indicators using data available in sustainability
reports.
Findings of the content analysis validated the indicators, i.e.
showed whether the issues covered by indicators were addressed
in sustainability reports of the companies from all echelons of the
SC. While results of the ANOVA demonstrate that the echelon level
is irrelevant for indicators introduced in this paper. The applicability of the indicators shows that they can be used for social sustainability assessment of the whole SC. While the lack of
quantitative data for some indicators suggests that the classiﬁcation of indicators should be made on 3 levels. Namely, there should
be generic indicators suitable for the assessment of the whole SC,
echelon indicators e suitable for the assessment of different echelons, and speciﬁc indicators e suitable for the assessment of a
speciﬁc industry.
This paper, thus, advances literature by introducing a novel set
of quantitative social sustainability indicators with clear content
and context information. First, it contributes to on-going debates
about the quantitative assessment of social sustainability. While
there are various opinions about which issues should be addressed,
this work focuses on the labor practice and decent work, and human rights. Consequently, previous studies, such as the one by
~es et al. (2016), are extended by deﬁning relevant indicators.
Simo
Second, the main goal of the indicators is to provide a way to assess
SC social sustainability and give the opportunity to managers to
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Fig. 1. Classiﬁcation of end-point and mid-point impact categories (adopted from Popovic et al., 2017).

perform an internal assessment and further progress monitoring.
Also the proposed indicators can help increasing transparency
along SCs, which is crucial for the achievement of social sustainability. Finally, the proposed indicators can be incorporated into
policy making that is further used in decision making process.
2. Methodology
The methodology employed in this work follows a 7 step procedure illustrated in Fig. 2. Each step of the methodology is
described in the following paragraphs.
Identiﬁcation: The goal of this step was to identify social sustainability indicators existing in the literature. This step has been
conducted by collecting relevant empirical material from scientiﬁc
articles with the aim of getting an overview of social sustainability
indicators that can address issues related to end-points (Fig. 1) e
labor practice and decent wok, and society. Two other end-points,
society and product responsibility, are not considered in this
work and will be the subject of further research.
The relevant material was collected using online databases, such
as Elsevier/Science Direct, Springer, Wiley online library, IChemE.
The keywords used in the search process were: “social sustainability”, “sustainability”, “sustainable development”, “social indicators”,
“sustainability
indicators”,
“indicators”,
and
“sustainability assessment”. All the material for this research was in
English and included articles in journals, guidelines and standards
that contains one or more previously mentioned keywords. Thus,
initial search produced more than 300 documents.
Due to the large number of documents (>300), further screening
was made and some documents were excluded on the basis of the

following criteria:
- The documents that don't contain quantitative, semiquantitative or qualitative indicators for social sustainability
assessment;
- The documents that don't address issues related to mid-points
of labor practice and decent work, and human rights as
~es et al. (2016).
deﬁned by Simo
After applying these criteria, only 45 articles were left for the
detailed analysis. Additionally, the secondary sources derived from
the list of 45 articles were also taken into account, such as articles
cited with a topic related to the scope of this research. It means that
if authors of initial 45 articles were citing other sources for the
presented indicators, the cited articles were also studied in order to
get valid and more detailed information. Thus, the ﬁnal sample
covered 54 documents.
Classiﬁcation: The goal of this step is to classify indicators according to previously deﬁned end-point and mid-point impact
categories (Fig. 1). Thus, a set of articles identiﬁed in the previous
step was used for deriving indicators. From this analysis 172 indicators were obtained, which were further classiﬁed according to
the mid-point impact categories belonging to the end-points labor
practice and decent work, and human rights (Fig. 1): 1) Employment beneﬁts and characteristics; 2) Employment practices and
relations; 3) Health and safety (H&S) practices and incidents; 4)
Training, education, and personal skills; 5) Diversity and equal
opportunities; 6) Employee welfare; 7) Innovation and competitiveness; 8) Human rights implementation and integration; 9) Basic
~ es et al., 2016). Summary deﬁnitions of
human rights practice (Simo

Fig. 2. Methodology applied in this work.
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each one of the above mid-point impact categories are presented in
Table 1.
Revision: The goal of this step is to identify a ﬁnal list of indicators. Thus, further analysis of the indicators involved revision
and elimination of indicators with following properties:
- Qualitative indicators, i.e. indicators whose deﬁnition could not
be used to formulate a quantitative equation;
- Reoccurrence of indicators, i.e. the same indicator proposed by
two or more different authors. For instance, employee turnover
appeared in both articles e by Dicksen and Beloff (2006) and
Erol et al. (2009);
- Indicators that cover the same issue, i.e. authors use different
names, but they assess the same issues. For instance, safety
performance presented by Ali et al. (2013) and number of ackely and Knirsch (2005) cover the same
cidents presented by Sze
issue e accidents in workplace.
This resulted in the reduction of the initial set of 172 indicators
to 31 indicators.
Development: The goal of this step is to develop quantitative
social sustainability indicators suitable for the assessment in SCs. It
is because in literature the majority of indicators are presented with
a taxonomy, missing the mathematical deﬁnition, relevance and
context of the indicator. Therefore, in this step is developed the
description of indicators, by presenting a clear content and context
(see Table 2) of the ﬁnal 31 indicators. The indicators were developed and presented following the concept of the key performance
indicators (KPIs) as described in ISO22400 (ISO, 2014). The proposed social sustainability indicators were developed to fulﬁll the
following criteria, which can ensure their usefulness (Feng and
Joung, 2009):
- Relevant e they show something about the system that needs to
be known;
- Easy to understand by all stakeholders e they have clear
deﬁnition;
- Reliable e information obtained with the indicator is trustworthy, i.e. one can believe in the information which is obtained
from the indicator;
- Quantiﬁable e information that the indicator is tracking should
be numerically measured;
- Based on accessible data e accessibility of the indicators was
veriﬁed by content analysis.
Validation: The goal of this step is to validate the proposed indicators, i.e. to check whether the issues covered by them are
addressed in sustainability reports of the companies belonging to
all echelons of the SC. Validation of the importance of the proposed
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indicators is conducted through content analysis, which allows
verifying that issues covered by the indicators are addressed by the
companies. Thus, validation of proposed indicators is done by
analyzing the occurrence of coding words in sustainability reports
from companies representing all SC echelons. The advantages of
using content analysis include: objectivity e analysis is carried out
based on explicit rules; systematism e inclusion or exclusion of
particular content cannot be affected by researcher's ideas as it is
based on deﬁned rules; generalizability e the obtained results can
be applied to similar situations (Prasad, 2008). When doing content
analysis 6 main steps were followed (Hsieh and Shannon, 2005):
a) The objective for using content analysis e As mentioned, the
objective of the content analysis is to validate proposed social
sustainability indicators, by analyzing the occurrence of
coding words in sustainability reports. Thus, it was chosen to
use direct content analysis, whose role is to validate the
existing framework or theory (Hsieh and Shannon, 2005).
b) Choosing material that will be used for content analysis e for
validation of indicators are used sustainability reports of
companies that belong to the three echelons of the SC: upstream, midstream and downstream. In total, 141 sustainability reports from 25 countries were selected for this
analysis. The selection of these sustainability reports was
based on following criteria: (i) Sustainability reports should
be a version of G3.0 or G3.1 of GRI guidelines as they both
follow the same reporting principles and processes.; (ii) Reports belong to companies of all echelons (upstream,
midstream and downstream) based on ranking in The Sustainability Yearbook listed in Dow Jones Global Index. Chosen
organization should belong to the following 12 industries:
(1) Materials, (2) Mining, (3) Oil and Gas, (4) Utilities, (5)
Automotive, (6) Consumer Goods, (7) Electronics, (8) Industrials, (9) Financials, (10) Retail, (11) Telecommunication,
and (12) Transport and Logistics, where 1e4 are upstream
companies, 5e8 midstream, and 9e12 downstream companies.; (iii) All reports should be written in English and
should be stand-alone reports for easier comparison. The list
of reports is presented in Table A in Appendix section.
c) Selection of units for analysis e for this analysis we chose
keywords. It means that for each indicator were designated
different keywords that are used as “recording units”. These
units are the smallest elements of the text material that
could be analyzed (Flick, 2014), e.g. keywords. Keywords are
deﬁned to be content speciﬁc and that they can show how
companies in their sustainability reports address issues,
which are covered by previously presented social sustainability indicators. Thus, the frequency of keywords is
considered to be suitable measure (Hsieh and Shannon,

Table 1
Overview of mid-point impact categories.
Mid-point impact category
Employment beneﬁts and
characteristics
Employment practices and relations
Health and safety (H&S) practices and
incidents
Training, education, and personal skills
Diversity and equal opportunities
Employee welfare
Innovation and competitiveness
Human rights implementation and
integration
Basic human rights practice

Deﬁnition summary
Characteristics of job and beneﬁts provided by the employer.
Relations between workforce, unions and the company.
An initiative of the company to monitor the quality of working conditions and potential health and safety risks.
Enhancement of employee productivity by assessing career development plans, lifelong learning, and job analysis.
Involvement of diversiﬁed (by gender, age, culture, etc.) workforce.
Analysis of employee morale, satisfaction, and well-being within the job.
Improvement of sustainability by creating more innovative technical solutions.
Violations of human rights, such as child labor, forced labor, freedom of association and collective bargaining, both externally (e.g.
suppliers) and internally.
Violations such as racial, sexual harassment, and discrimination against the disabled (internally).
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Table 2
Template example for the indicator structure (ISO, 2014).
Content information
Name
ID
Description
Formula
Unit of measure
Range
Trend
Scope
Context information
Timing
Audience
Notes

2005). List of used keywords is presented in Table B in
Appendix section.
d) Development of coding categories e categories are made in
order to structure the grouping of recording units (Hsieh and
Shannon, 2005). For this research, indicators are used as
coding categories. It means that there were 31 coding categories, where each category represented one indicator.
e) Coding of material e coding was done using NVivo computer
software. Query was performed for each keyword separately
and content speciﬁc words were coded based on the deﬁned
coding scheme.
f) Analyzing and interpretation of results e ﬁnal results and
their analysis are presented in section 3.2.
Although content analysis has got its advantages, there are still
remaining issues, such as validity and reliability of the method, as
the ﬁndings can be affected by subjectivity during the coding
process. Ensuring the validity of analysis starts by creating a coding
scheme that is “faithful to the theory in its orienting coders to the
focal concepts” (Potter and Levine-Donnerstein, 1999, p. 266). In
this case, coding schemes were developed based on proposed indicators, their deﬁnitions, and issues that they address. The coding
schemes were tested in several sustainability reports and further
revised until satisfactory results were achieved (Meckenstock et al.,
2015). Issues concerning reliability were eliminated by setting
particular coding rules while doing machine coding (Meckenstock
et al., 2015). By doing so stability and reproducibility of results is
ensured (Krippendorff, 2006).
Statistical Analysis (ANOVA): The goal of this step is to check if the
echelon level inﬂuences the relevance of indicators. It means that
the role of ANOVA was to estimate if the indicators were generic for
all echelons of SC. ANOVA will show if there is a signiﬁcant difference among the means of results for different SC's echelons. Signiﬁcant difference among the means of groups was assessed
through the p-value. If the p-value is lower than 0.05, it means that
there is a signiﬁcant difference between the means of the groups
and the null hypothesis is rejected (see Appendix C) (Bewick et al.,
2004). In that case, the probability of the type I error is 5%, meaning
that there is 5% chance of wrongly concluding that statistical difference (between the means of the samples) exists (Bewick et al.,
2004). Hence, with a p-value  0.05, it is assumed that SC echelon has an impact on percentages of keyword occurrence for that
indicator.
Applicability: The goal of this step is to show the applicability
and relevance of indicators for SC assessment. Accordingly, calculation of indicators is performed while input data was obtained
from the aforementioned sustainability reports (sustainability reports used for content analysis).

Name of the indicator, e.g. employee turnover
A user-deﬁned unique identiﬁcation of the indicator
A description of the indicator
The mathematical formula of the indicator
The basic unit in which the indicator is expressed
The upper and lower value of the indicator
The improvement directions, e.g. the higher is better
Element for which the indicator is relevant, e.g. work unit, personnel
The frequency of the indicators' calculation, e.g. periodically, real time, on demand
The user group that utilize the indicator, e.g. operators, supervisors, management
Additional information related to the indicator, e.g. constrains, usage situations, etc.

3. Results and discussion
This section identiﬁes the main social sustainability indicators
to work with and their characteristics (steps ‘Identiﬁcation’ to
‘Development’ in Fig. 2), validation of the proposed indicators (step
‘Validation’ in Fig. 2), the ANOVA analysis (step ‘ANOVA’ in Fig. 2),
and applicability of the indicators (step ‘Applicability’ in Fig. 2).

3.1. Social sustainability indicators identiﬁcation
As discussed earlier, the indicators are characterized with content and context information (Table 2) meaning that they should
have a name, ID, description, formula, unit of measure, range, trend,
scope, timing, audience, and notes. Further, it should be noted that
the indicators alone are not enough for management. It means that
a threshold should be deﬁned by the SC management, thus by
monitoring the levels of the indicator one can execute a required
action (ISO, 2014).
With the SC being a focus of these indicators, aggregation of the
indicators throughout the whole SC is made. Therefore, entities
were chosen as units that make a SC. The aggregation of the values
€ggl et al.
from different entities followed the suggestion of Scho
(2016), where the authors state that aggregation of ratios should
be done based on the SC contribution. It means that each entity has
different share in the overall SC, and the result per SC is a weighted
arithmetic mean of the indicator values per entity:

PI

i¼1 cei

SV ¼

PI

 EVmean; i

i¼1 cei

(1)

where SV is the SC value; EVmean,i are the entity mean values of
entities i … I; cei is a contribution factor per entity i.
The contribution factor should be determined by the entity itself, but some of the possibilities are the turnover that SC entity
€ggl et al., 2016).
makes with a certain SC (Scho
Further, the aggregation at organizational or entity level should
account for an aggregation factor that represents the ratio between
entity's contribution to a certain SC (e.g. production volume/mass,
turnover …) and the total value in the entity (total production/
€ ggl et al., 2016):
mass, turnover …) (Scho

ac ¼

fsc
tf v

(2)

where ac is the aggregation factor per entity SC contribution; fsc is
the entity's contribution to the SC (e.g. production volume sold to a
certain customer in a certain SC); tfv is the total entity value (e.g.
total production volume per entity).
This aggregation factor is then used to calculate SC value by
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multiplying it with an entity indicator results and summing up the
€ggl et al., 2016):
results of all relevant entities (Scho

SV ¼

I
X

aci EVi

3.1.1. Employment beneﬁts and characteristics
~es et al. (2016) deﬁned employment beneﬁts and their
Simo
characteristics as basic job characteristics, beneﬁts that company
provides to employees under contractual and compensational
policies of the company. This mid-point impact category tends to
evaluate the scope of organization's workforce, labor practices,
human resources management in an organization, links between
labor policies' decisions and employment characteristic, etc.
~ es et al., 2016). The indicators, identiﬁed through literature
(Simo
review analysis, tend to encompass the previously mentioned
characteristics, such as:
- Employee turnover (EmpT) e Description: employee turnover in
a year that is calculated as a sum of employees who resigned or
have been made redundant divided by the total number of hired
employees (ICheme, 2002):

PI

i¼1 cei ððR þ RDÞ=Nhi Þi
PI
i¼1 cei

- Employee layoffs (EmpL) e Description: percentage of layoffs in
a year that is calculated as a ratio between laid off employees
and the total number of employees:

PI

i¼1 cei


.


Loff Ntot $100
i
PI
i¼1 cei

(5)

where i is given entity in the SC; I is the total number of entities in
the SC; Loff is a number of layoffs in entity i; Ntot is the total number
of employees in entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The lower the better.
Scope: entity, SC
Timing: periodically
Audience: management
Notes: Even though layoffs become one of the tools used for
improving companies’ performance, frequent layoffs can lead to: 1)
decreasing of employee morale and commitment; 2) increasing the
stress (Cascio, 2010).




WHavg WHlaw i
PI
i¼1 cei

(6)

where i is a given entity in the SC; I is the total number of entities in
the SC; WHavg is the average number of working hours in entity i;
WHlaw is a number of working hours regulated by law in entity i.
Unit of measure: unitless
Rating: Min 0; Max SC-speciﬁc; Trend: The higher the better
(but not higher than 1).
Scope: SC
Timing: periodically
Audience: management
Notes: Usually, average working hours are 8 h per day, but it
depends on how it is regulated by the company and by the law
(Kruse et al., 2009). Thus, the indicator shows company's ability to
respect the law and it is critical to ensure that employees do not
exceed the prescribed working time because: 1) they might not be
efﬁcient; 2) it can indicate that there is a lack of employees.
- Full- and part-time employees (FPEmp) e Description: percentage of full-time is calculated as the ratio of full-time employees and the total number of employees, while the
percentage of part-time employees can be calculated as residue
percentage of the employees:

(4)

where i is a given entity in the SC; I is the total number of entities in
the SC; R represents employees who resigned in entity i; RD are
redundant employees (employees that are no longer needed) in
entity i; Nhi is the total number of hired employees in entity i.
Unit of measure: unitless
Range: Min 0; Max SC-speciﬁc; Trend: The lower the better.
Scope: SC
Timing: periodically
Audience: management
Notes: A high percentage of employee turnovers can be reﬂected
in: 1) high replacement costs; 2) demanding training requirements; 3) loss of learning and experience effects (Katsikea
et al., 2014).

EmpL ¼

i¼1 cei

WHratio ¼

where SV is SC value; aci are aggregation factors for entities i … I;
EVi are the values of entities i … I.

EmpT ¼

PI

(3)

i¼1
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- Working hours (WHratio) e Description: ratio of the average
number of working hours and working hours regulated by the
company or by public law:

PI
FT ¼

i¼1 cei



.


Nfull Ntot ,100
i
PI
i¼1 cei

PT ¼ 100  FT

(7)

(8)

where i is a given entity in SC; I is the total number of entities in a
SC; FT is the percentage of full-time employees in the whole SC; Nfull
is the total number of full time employees in entity i; Ntot is the total
number of employees in entity i; PT is the percentage of part-time
employees in the whole SC.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better for FT,
and the lower the better for PT
Scope: SC
Timing: periodically
Audience: management
Notes: Increased number of full-time employees can be reﬂected in better bounds between the workforce and an organization. While increased number of part-time employees can show
weak psychological bond between the workforce and an organization (Lim et al., 2010).
- Years of service (YSratio) e Description: ratio of the average years
of service in the company and average years of working life of
the employees:

PI
YSratio ¼

i¼1 cei ðYS=WYÞi
PI
i¼1 cei

(9)

where i is a given entity in the SC; I is the total number of entities in
a SC; YS is average years of service at the entity i; WY is average
years of working life of an employee in entity i.
Unit of measure: unitless
Range: Min 0; Max 1; Trend: The higher the better.
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Scope: entity, SC
Timing: on demand
Audience: management
Notes: A high ratio of years of service in an organization is
valuable because it can determine: 1) knowledge accumulation; 2)
staff loyalty to the organization (Lim et al., 2010).
3.1.2. Employment practices and relations
Internal disciplinary practices and relations between the
workforce, the unions and the company are addressed with this
~ es et al. (2016), main
mid-point impact category. According to Simo
focuses are organization's legal hiring and disciplinary practices as
well as relationships with the unions. The advantage of good relationships with unions and employees is reﬂected in ensuring
better working environment, minimizing operational disruptions
~es et al., 2016). The inand reducing employee turnover (Simo
dicators included for the mid-point category employment practices
and relations are the following:
- Promotion rate (ProR) e Description: percentage of promoted
employees, employees with career development and/or
advancement opportunities per year (ICheme, 2002):

PI
ProR ¼

i¼1 cei






Npe Ntot $100 i
PI
i¼1 cei

(10)

where i is a given entity in the SC; I is the total number of entities in
the SC; Npe is a number of promoted employees and/or employees
with the career advancement in a year in entity i; Ntot is the total
number of employees in entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: entity, SC
Timing: Periodically
Audience: management
Notes: Promotion or career advancement depends on the
company's structure and policy that they use for motivating employees, such as pay raises, expanding their role in the company,
improving skills, etc. High values of this indicator are reﬂected in:
1) practice of the company to internally promote employees to
higher ranking jobs instead of hiring people from outside (Kwon
and Milgrom, 2014); 2) increasing the morale and loyalty of employees by giving them chance to be promoted or to advance their
career.
- Unionized employees (UniEmp) e Description: percentage of
unionized employees is calculated as ratio of employees joined
to labor union and total number of employees (Roca and Searcy,
2012):

that employees have in the union.
3.1.3. Health and safety (H&S) practices and incidents
Monitoring quality of working conditions and monitoring potential health and safety risks show the initiative of the company to
~ es et al.,
implement responsible health and safety culture (Simo
2016). That is important as it can improve employee satisfaction,
it maintains operational process in the running mode, and affects
~ es et al., 2016). Consequently,
the company's image and brand (Simo
the following indicators incorporate those characteristics in the
process of the evaluation of social sustainability:
- Time lost (TL) e Description: ratio of days lost due to injury or
work-related diseases per year is calculated as a ratio between
lost days and the total number of working days in a year:

PI
TL ¼

i¼1 cei ðDLin =WDtot Þi
PI
i¼1 cei

(12)

where i is a given entity in the SC; I is the total number of entities in
the SC; DLin is days lost due to injury in entity i; WDtot is the total
number of working days in entity i.
Unit of measure: unitless
Range: Min 0; Max SC-speciﬁc; Trend: The lower the better.
Scope: entity, SC
Timing: periodically
Audience: supervisor, management
Notes: Low values of this indicator inform about: 1) good quality
of working conditions; 2) involvement of the company in ensuring
safe and healthy environment.
- Accidents (Acc) e Description: number of accidents per year in a
kely and Knirsch, 2005):
SC (Sze

Acc ¼

I
X

aci RAi

(13)

i¼1

where i is a given entity in the SC; I is the total number of entities in
the SC; RA is the number of accidents recorded annually in entity i.
Unit of measure: quantity unit/time unit
Range: Min 0; Max 1; Trend: The lower the better.
Scope: entity, SC
Timing: periodically
Audience: supervisor, management
Notes: Reporting on the accidents serves to increase transparency through SCs. Thus, by monitoring this indicator one gets
crucial information, such as: 1) frequency of accidents; 2) quality of
working conditions. It should be noted that the target value for this
indicator should be achieved by improving the working conditions.

PI
UniEmp ¼

i¼1 cei ððNue =Ntot ÞÞi
PI
i¼1 cei

(11)

where i is a given entity in the SC; I is the total number of entities in
the SC; Nue is a number of unionized employees in entity i; Ntot is
the total number of employees in entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: entity, SC
Timing: on demand, periodically
Audience: employees, management
Notes: This indicator shows direct beneﬁt to employees. Thus, it
is desirable to have a high percentage of employees joined in
unions because of: 1) beneﬁts provided by unions; 2) conﬁdence

- Risk assessment (RAsmt) e Description: percentage of entities
rski, 2015):
with periodically veriﬁed risk assessment (Podgo

PI
RAsmt ¼

i VRi

I

 100

(14)

where i is a given entity in the SC; I is the total number of entities in
the SC; VR is an entity with veriﬁed risk assessments for a given SC.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: SC
Timing: periodically, on demand
Audience: management
Notes: Risk assessment should be veriﬁed in the case of
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introducing new machinery, materials, changing work methods,
rski, 2015). Desirable high values of this indicator can
etc. (Podgo
lead to: 1) reducing the negative effect on the health of employees;
2) ensuring better working conditions in terms of safety.
- Healthcare security coverage (HcS) e Description: percentage of
employees with employer-provided health insurance is calculated as a ratio between the number of employees covered with
health insurance and the total number of employees.

PI

i¼1 cei ððNhc =Ntot Þ$100Þi
PI
i¼1 cei

HcS ¼

(15)

where i is a given entity in the SC; I is the total number of entities in
the SC; Nhc is a number of employees with employer-provided
health insurance in entity i; Ntot is the total number of employees
in the entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: entity, SC
Timing: periodically; on demand
Audience: management, employees
Notes: Employee-provided health insurance can show: 1) that
the employer is taking care of employees' safety; 2) employer's
concern about the health of the employees.
- Implementation of risk control (IRC) e Description: percentage
of employees who are provided with risk levels and risk control
information:

PI
IRC ¼

i¼1 cei ððNei =Ntot Þ$100Þi
PI
i¼1 cei

(16)

where i is a given entity in the SC; I is the total number of entities in
the SC; Nei is a number of employees informed in entity i; Ntot is the
total number of employees in entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: SC
Timing: periodically
Audience: supervisor, management
Notes: Providing employees with needed information, such as
 rski, 2015) shows: 1)
risk levels and risk control measures (Podgo
employer's initiative to implement responsible health and safety
culture; 2) employer's initiative to increase employees' awareness
about safety by avoiding possible problems.
3.1.4. Training, education, and personal skills
This mid-point impact category aims to assess three paramount
issues: career development plans, lifelong learning and job analysis
~ es et al., 2016). It is because those issues are increasing
(Simo
employee productivity and they can hinder the potential mismatch
~es et al., 2016). Next social sustainability indicators
of career (Simo
take into consideration previously presented deﬁnition proposed
~ es et al. (2016):
by Simo
- Training (TRN) e Description: hours of training per year per
kely and Knirsch, 2005):
employee (Sze

TRN ¼

I
X
i¼1

PN
aci

n¼1 THn

Ntot

!
(17)
i

where i is a given entity in the SC; I is the total number of entities in
the SC; n is employee with provided training; N is the total number
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of employees who received training; TH is the total number of
hours of training per year per employee in entity i; NTtot is the total
number of employees in entity i.
Unit of measure: time unit/employee
Range: Min 0; Max entity-speciﬁc; Trend: The higher the better.
Scope: SC
Timing: periodically
Audience: management
Notes: Trainings provided by the employer are reﬂected in: 1)
enhancing the skills, capabilities, and knowledge of employees; 2)
better performance of employees; 3) enhancing the productivity of
employees (Uma, 2013).
- Education level (EdL) e Description: percentage of employees
with the corresponding level of education.

PI

i¼1 cei ððNle =Ntot Þ$100Þi
PI
i¼1 cei

EdL ¼

(18)

where i is a given entity in the SC; I is the total number of entities in
the SC; Nle is the number of employees with the corresponding
level of education in entity i; Ntot is the total number of employees
in entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: entity, SC
Timing: on demand.
Audience: management
Notes: A high percentage of employees with the corresponding
level of education leads to: 1) higher productivity; 2) less time and
training needed for employees to get familiar with work assignments; 3) decreased wasting of resources with overqualiﬁed
employees.

3.1.5. Diversity and equal opportunities
An initiative of the company to include diversiﬁed (e.g. by
gender, age, culture, etc.) workforce in the workplace is covered by
~ es et al., 2016). The indicators identhis mid-point category (Simo
tiﬁed for this mid-point category should show in a quantitative way
how the company ensures equal opportunities to all employees
with respect to gender, age, disabilities or cultural heritages:
- Ratio of genders (RG) e Description: ratio between female and
male employees (Szekely and Knirsch, 2005):

PI
RG ¼

i¼1 cei ðFE=MEÞi
PI
i¼1 cei

(19)

where i is a given entity in the SC; I is the total number of entities in
the SC; FE is the number of female employees in entity i; ME is the
number of male employees in entity i.
Unit of measure: unitless
Range: Min 0; Max 1; Trend: The higher the better.
Scope: entity, SC
Timing: periodically
Audience: management
Notes: The value of this indicator implies: 1) equality between
female and male employees; 2) initiative of the company to create a
diversiﬁed workforce.
- Wage level between genders (WLG) e Description: ratio between average female and male wages (Mani et al., 2014):
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PI

i¼1 cei ðFEaw =MEaw Þi
PI
i¼1 cei

WLG ¼

(20)

where i is a given entity in the SC; I is the total number of entities in
the SC; FEaw is average female wage in entity i; MEaw is average
male wage in entity i.
Unit of measure: unitless
Range: Min 0; Max 1; Trend: The higher the better.
Scope: entity, SC
Timing: periodically
Audience: management
Notes: An equal number of female and male employees is not
enough to show gender equality, since wages for males and females
may differ. The value of this indicator tends to show: 1) equality
between female and male employees in terms of wages; 2) initiative of the company to ensure equal opportunities.
- Disabled employees (DEratio) e Description: percentage of
kely and Knirsch, 2005)
disabled employees in the company (Sze
with regard to the total number of jobs available to disabled
employees as deﬁned by a job placement program:

PI

i¼1 cei ððDE=DEPtot Þ$100Þi
PI
i¼1 cei

DEratio ¼

(21)

where i is a given entity in the SC; I is the total number of entities in
the SC; DE is a number of disabled employees in entity i; DEPtot is
the total number of places available for the disabled employees in
entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: SC
Timing: on demand
Audience: supervisor, management
Notes: The number of disabled employees shows: 1) company's
initiative to respect human rights; 2) the company's commitment
to providing equal opportunities to all employees regardless of
disability.
- Income distribution (InD) e Description: ratio between incomes
of the top 10% employees and incomes of the bottom 10%
(Azapagic and Perdan, 2000):

PI
InD ¼

i¼1 cei ðIT=IBÞi
PI
i¼1 cei

(22)

where i is a given entity in the SC; I is the total number of entities in
SC; IT is income of the top 10% employees in entity i; IB is income of
the bottom 10% employees in entity i.
Unit of measure: unitless
Range: Min 0; Max 1; Trend: The lower the better.
Scope: SC
Timing: periodically
Audience: management
Notes: Low values of this indicator tend to: 1) improve equality
among employees; 2) improve satisfaction and employee's
relationships.
3.1.6. Employee welfare
Employee welfare aims to measure employee morale, satisfac~es et al., 2016). It means that
tion, and well-being with the job (Simo
indicators of this mid-point category should help assess employee
~es et al., 2016):
satisfaction and motivation (Simo

- Vacation (Vac) e Description: percentage of vacation days
available calculated as the number of vacation days available in
relation to the regulations indicated in the law of the country in
which the entity operates, or in the contract/collective
bargaining.

PI
Vac ¼

i¼1 cei ðVDavbl =VDlaw Þi
PI
i¼1 cei

(23)

where i is a given entity in the SC; I is the total number of entities in
the SC; VDavbl is the number of available vacation days per year in
entity i; VDlaw is the total number of vacation days per year per
employee based on the law/contract/collective bargaining in entity
i.
Unit of measure: unitless
Range: Min 0; Max 1 or unlimited; Trend: The higher the better.
Scope: entity, SC
Timing: periodically
Audience: supervisor, management
Notes: Vacation as “a recovery process from the work”
(Strandberg et al., 2017, p. 260) has positive effects on employee's
health and well-being (de Bloom et al., 2009), thus ensuring regular
vacations can: 1) help improving employees' well-being and
health; 2) improve employee satisfaction.
- Work satisfaction (WS) e Description: ratio between the number of sickness absence rate in an entity and the national average
sickness absence rate (Azapagic and Perdan, 2000):

PI
WS ¼

i¼1 cei ðSA=SAnat Þi
PI
i¼1 cei

(24)

where i is a given entity in the SC; I is the total number of entities in
the SC; SA is sickness absence rate in entity i; SAnat is the national
sickness absence rate in country where entity operates.
Unit of measure: unitless
Range: Min 0; Max SC-speciﬁc; Trend: The lower the better.
Scope: SC
Timing: periodically
Audience: management
Notes: It was noted that frequent sick leave can indicate employee's low satisfaction with the work (OECD, 2012). Thus, regular
monitoring of this indicator can indicate which sector needs more
attention, or further analysis, and it can indicate progress toward
social sustainability (Azapagic and Perdan, 2000). When the frequency of sick leave is high, responsible personnel should investigate more into the reasons behind frequent absence from work (e.g.
operating conditions, pay, nature of work, communication, etc.).
Consequently, by ensuring low values of this indicator one can
achieve: 1) better economic performance (Azapagic and Perdan,
2000); 2) better performance of employees.

3.1.7. Innovation and competitiveness
One of the methods for improving sustainability in business is
~es et al., 2016).
creating more innovative technical solutions (Simo
Research and development are the core stones of social progress
innovation. Consequently, this mid-point category aims to consider
innovations ability and optimization of research and development
~es et al., 2016). Therefore these indicators should be able to
(Simo
assess the previously mentioned issues.
- Innovations (INNratio) e Description: percentage of social innovations in relation to the total number of innovations:
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PI

i¼1 cei ððINNs =INNtot Þ$100Þi
PI
i¼1 cei

INNratio ¼

(25)

where i is a given entity in the SC; I is the total number of entities in
the SC; INNs is the number of social innovations in entity i; INNtot is
the total number of innovations in entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: SC
Timing: on demand
Audience: management
Notes: As Klassen and Vereecke (2012) observed, social innovation is “valuable capability for social issues in operations” (Klassen
and Vereecke, 2012, p.108). The value of social innovation consists
in meeting the social needs (Caulier-Grice et al., 2012), for instance
by developing projects focusing on social development, local education, development of initiatives aimed at improving social sustainability, etc. High values of this indicator are indicative of: 1)
initiative of the company to be involved in the process of improving
social sustainability; 2) creation of socially sustainable business.
- New products (NPratio) e Description: ratio between new
products/new services and social innovations:

PI
NPratio ¼

i¼1 cei ðNP=INNs Þi
PI
i¼1 cei

(26)

where i is a given entity in the SC; I is the total number of entities in
the SC; NP is the number of new products and new services in
entity i; INNs is the number of social innovations.
Unit of measure: unitless
Range: Min 0; Max 1; Trend: The higher the better.
Scope: SC
Timing: periodically
Audience: management
Notes: Social innovations are providing effective and relevant
solutions (European Commission, 2014), where new products/new
services play a role in showing novelty in external outcomes of
social innovation (Caulier-Grice et al., 2012). Thus new products/
new services evolving from social innovations can show: 1) motivation of the company to satisfy social needs; 2) possibility of direct
impact (through a product) in improving social sustainability.
- Scientiﬁc publications (SciPub) e Description: Percentage of
scientiﬁc publications in relation to the total number of the
publications of any kind.

PI
SciPub ¼

i¼1 cei ððPubsci =Pubtot Þ$100Þi
PI
i¼1 cei

(27)

where i is a given entity in the SC; I is the total number of entities in
the SC; Pubsci is the number of scientiﬁc publications in entity i;
Pubtot is the total number of publications in entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: SC
Timing: periodically
Audience: management
Notes: Ability of the company to produce scientiﬁc publications
leads to: 1) higher level of innovative output; 2) increased potential
of developing radically innovative products; 3) capability to
assimilate and exploit external scientiﬁc knowledge (Jong and
Slavova, 2014).
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3.1.8. Human rights implementation and integration
This mid-point impact category takes into consideration human
rights violations such as child labor, forced labor, freedom of as~es et al., 2016). It does not
sociation and collective bargaining (Simo
focus only internally, but also externally (e.g. suppliers) because
both, external and internal human rights procedures go side by side
~ es et al., 2016). Indicators identiﬁed for this mid-point cate(Simo
gory include:
- Personnel security training (PST) e Description: percentage of
employees trained for aspects of human rights (GRI , 2011):

PI

i¼1 cei ððThr =Ntot Þ$100Þi
PI
i¼1 cei

PST ¼

(28)

where i is a given entity in the SC; I is the total number of entities in
the SC; Thr is the number of employees trained in an aspect of
human rights in entity i; Ntot is the total number of employees in
entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: SC
Timing: periodically
Audience: supervisor, management
Notes: Adequate training of personnel can lead to: 1) better
observance of human rights; 2) increased awareness of employees
concerning human rights.
- Child labor (CLsc) e Description: number of recorded incidents of
child labor (Mani et al., 2014):

CLsc ¼

I
X

aci CLi

(29)

i¼1

where CL is a recorded number of child labor in entity i; I is the total
number of entities in given SC.
Unit of measure: unitless
Range: Min 0; Max Total number of employees; Trend: The
lower the better.
Scope: SC, entity
Timing: periodically, on demand
Audience: management
Notes: This indicator should be evaluated as part of external
audit. It means that companies make an evaluation of their partners
as it may happen that company itself will not report cases of child
labor. Low values of this indicator are showing: 1) the company's
respect for human rights; 2) implementation of human rights laws.
- Bonded labor (BLratio) e Description: percentage of recorded
bonded labor in the SC (Mani et al., 2014):

PI
BLratio ¼

i¼1 cei ððBL=Ntot Þ$100Þi
PI
i¼1 cei

(30)

where i is a given entity in the SC; I is the total number of entities in
the SC; BL is the number of recorded bonded labor in entity i; Ntot is
the total number of employees in entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The lower the better.
Scope: entity, SC
Timing: periodically, on demand
Audience: management
Notes: This indicator, similarly to child labor, should be part of
the external audit. The absence of bonded labor indicates: 1) the
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company's will to integrate human rights in their business; 2)
respect for human rights regulations.
- Collective bargaining agreements (CBA) e Description: percentage of employees covered by collective bargaining agreekely and Knirsch, 2005):
ments (Sze

PI

i¼1 cei ððNca =Ntot Þ$100Þi
PI
i¼1 cei

CBA ¼

(31)

where i is a given entity in the SC; I is the total number of entities in
the SC; Nca is the number of employees covered by collective bargaining agreements in entity i; Ntot is the total number of employees in entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: SC
Timing: on demand
Audience: management
Notes: The advantage of collective bargaining agreement is reﬂected in: 1) preserving workplace integrity and respect; 2)
creating safe and professional work environment (DPE, 2011).
- Sustainable suppliers practice (SSP) e Description: percentage of
suppliers with an up-to-date sustainability policy (Hassini et al.,
2012):

PI

SSP ¼ Pi¼1
I

Sdate;i

i¼1 Stot;i

 100

(32)

where i is a given entity in the SC; I is the total number of entities in
the SC; Sdate is the number of suppliers with up to date policy per
entity i; Stot is the total number of suppliers per entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: SC
Timing: on demand, periodically
Audience: management
Notes: Up-to-date sustainability policy means that the suppliers
are familiar with and they apply current legislation, best practices,
etc. in sustainability. High values of this indicator are showing: 1)
beneﬁts to all stakeholders in terms of social sustainability; 2)
involvement of all SCs’ entities in promoting social sustainability.
3.1.9. Basic human rights practice
This mid-point impact category assesses internal issues of
nondiscrimination. Discrimination aspects include racial and sexual harassment, as well as discrimination against the disabled
~ es et al., 2016). Therefore, indicators of basic human rights
(Simo
and practices tend to address those issues:
- Discrimination (D) e Description: average number of incidents
occurred per employee per year (GRI, 2011):

PI
D¼

i¼1 cei ðINtot =Ntot Þi
PI
i¼1 cei

(33)

where i is a given entity in the SC; I is the total number of entities in
the SC; INtot is the total number of incidents of all kind in entity i;
Ntot is the total number of employees in entity i.
Unit of measure: quantitative unit/time unit
Range: Min 0; Max SC-speciﬁc; Trend: The lower the better.
Scope: entity, SC
Timing: periodically

Audience: supervisor, management
Notes: Evaluation of all types of discrimination (racial, sexual,
discrimination against the disabled, harassment, violence) (Erol
et al., 2011) tends to show: 1) ability of the company to eliminate
all types of discrimination; 2) willingness of the company to
monitor and inﬂuence on discrimination. Thus employees should
be encouraged to report on every type of discrimination that occurs
in the work place.
- Employee complaints (EmpC) e Description: percentage of
recordable complaints that have been managed/solved by the
management or by a responsible person (Erol et al., 2011):

PI

i¼1 cei ððCadd =Ctot Þ$100Þi
PI
i¼1 cei

EmpC ¼

(34)

where i is a given entity in the SC; I is the total number of entities in
the SC; Cadd is the total number of complaints that has been
managed/solved in entity I; Ctot is the total number of complaints in
entity i.
Unit of measure: %
Range: Min 0%; Max 100%; Trend: The higher the better.
Scope: entity, SC
Timing: periodically
Audience: management, supervisors.
Notes: By evaluating the percentage of addressed/solved complaints in entities of the SC separately, one can notice: 1) the most
vulnerable entity; 2) the most common type of complaints that
occurs; 3) ability and will of the company to encourage employees
to take part in creating better working environment.
- Rights of indigenous people (IPS) e Description: average number of incidents of violations per indigenous employee (GRI ,
2011):

PI
IPS ¼



 
Nip i

i¼1 cei INip
PI
i¼1 cei

(35)

where i is a given entity in the SC; I is the total number of entities in
the SC; INip is the total number of incidents of violating rights of
indigenous people per entity i; Nip is the total number of indigenous
people in the community where entity operates.
Unit of measure: quantitative unit/indigenous employee
Range: Min 0; Max 1; Trend: The lower the better.
Scope: SC
Timing: periodically
Audience: management
Notes: The absence of violating rights of indigenous people is
indicating: 1) relation of the entity to indigenous people; 2) company's ability to respect basic human rights.
3.2. Validation
As explained in section 2, content analysis is conducted for the
purpose of validating the developed indicators. The results of
content analysis (Fig. 3) show that the majority of the identiﬁed
indicator-speciﬁc keywords are used in supply chain sustainability
reports. But it also shows some differences in using various indicators. It is therefore possible to identify top 5 and bottom 5 indicators with regard to the keyword occurrence, i.e. word count.
The top 5 indicators, i.e. indicators with the highest word count
relate to: training (TRN); innovations (INNratio); personnel security
training (PST); risk assessment (RAsmt), and accidents (Acc). The
role of training has been discussed and strongly emphasized by SC
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Fig. 3. Overall results of content analysis.

managers (Mani et al., 2016), which is reﬂected in the present study
where ‘training’ is identiﬁed as the most often used indicator.
When it comes to innovations, Mani et al. (2016) stressed the
importance of innovative partnerships for further development of
social sustainability, which is also conﬁrmed by the present study.
For personnel security training it is important to mention that it is
linked with human rights as stated in the Impact Report from the
Sustainability Consortium (The Sustainability Consortium, 2016),
thus the results of our study showing ‘personnel security training’
as the third most often used indicator conﬁrm the importance of
personnel trained for aspects of human rights. Finally, risk assessment and accidents belong to the health and safety mid-point
impact category which is one of the most commonly addressed
issues in terms of social sustainability as stated by Beske-Janssen
et al. (2015). Ahi and Searcy (2015b) also identiﬁed health and
safety as the most frequent metrics in literature on sustainable SCs.
Further, one can observe that the percentage of ‘accidents’ (Acc)
decreases as it goes downstream. That can be considered a normal
trend, as upstream industries, such as mining, oil and gas are much
more prone to accidents. It can also be noticed that innovation
(INNratio) has a higher percentage in midstream echelon, which can
be explained by the fact that midstream is composed of production
industries where innovation plays a crucial role in improving and
creating more effective products or services.
Besides the top ﬁve indicators, there are also some indicators
whose occurrence as keywords is low. Thus, the bottom ﬁve indicators, i.e. indicators with the lowest word count are: implementation of risk control (IRC), bonded labor (BLratio), employee
layoffs (EmpL), education level (EdL), and work satisfaction (WS).
Low values of ‘implementation of risk control’ (IRC) do not coincide
with the importance of mid-point impact category of health and
safety, which can further indicate that the signiﬁcance of indicators
depends on the issue that they cover. The same can be observed for
‘bonded labor’ indicator (BLratio) that belongs to the mid-point
impact category “human rights”. However, it was noticed that

employee layoffs (EmpL), education level (EdL) and work satisfaction (WS) are not following the same pattern as implementation of
risk control (IRC) and bonded labor (BLratio). Thus, in order to further
detail the analysis and considering the fact that there are signiﬁcant
differences among relative frequencies of keywords between indicators, it was decided to investigate what can inﬂuence this
behaviour.
Consequently, the brake down of relative frequencies of keywords occurrence by type of industry was made as this may impact
low or high word count frequency observed in Fig. 3. Thus, Table 3
demonstrates relative frequency of keywords for each indicator
separately with regard to the type of industry for the three echelons. It allows identifying particular industries, for which indicators
showed zero values. The identiﬁed zero values go in line with low
values of relative frequencies of keywords, i.e. the bottom ﬁve indicators are also those which show zero values for particular industries. Thus, Fig. 4 illustrates the percentage of industries with
zero values for particular indicators where it can be noticed that the
implementation of risk control (IRC), bonded labor (BLratio),
employee layoffs (EmpL), education level (EdL) and work satisfaction (WS) have zero values for some types of industry. The missing
columns in Fig. 4 demonstrate that issues covered by a particular
indicator are addressed by all industries within a particular echelon. For instance, one can notice that the indicator ‘years of service’
(YSratio) is missing the column related to upstream echelon, which
further indicates that the issue covered by this indicator is
addressed by all industries of the upstream echelon. Another
observation is that indicators: implementation of risk control (IRC),
income distribution (InD), and bonded labor (BLratio) show zero
values in the majority of downstream companies. This could be
explained by the fact that downstream companies are usually less
concerned about risk (Meckenstock et al., 2015) when compared to
middle and upstream companies, which can also be assumed for
income distribution and bonded labor. Based on these observations,
one can assume that the percentage of keywords occurrence in
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Table 3
Percentage of coded words for upstream, midstream and downstream echelon e broken down by type of industry.
Mid-point

Ind.

Upstream

Midstream

Materials Mining Oil &
Gas
Employment beneﬁt and
characteristics (EB&C)

EmpT
EmpL
WHratio
FPEmp
YSratio

0.29
0
0.19
1.25
1.16
Total EB&C
2.89
Employment practices and
ProR
0
relations (EP&R)
UniEmp 2.89
Total EP&R
2.89
Health and Safety practices and
TL
3.66
incidents (H&S)
Acc
5.68
RAsmt 8.48
HcS
0.19
IRC
0
Total H&S
18.02
Training: education and personal TRN
27.65
skills (TE&PS)
EdL
0
Total TE&PS
27.65
Diversity and equal opportunities RG
2.50
(DEO)
WLG
0.67
DEratio 2.41
InD
0.10
Total DEO
5.68
Employee welfare (EW)
Vac
0.39
WS
0
Total EW
0.39
Innovation and competitiveness
INNratio 17.15
(I&C)
NPratio 1.64
SciPub 0.77
Total I&C
19.56
Human rights implementation and PST
12.91
integration (HR)
CLsc
2.02
BLratio 0.10
CBA
1.83
SSP
0.96
Total HR
17.82
Basic human rights practice (BHR) D
3.66
EmpC 0.58
IPS
0.87
Total BHR
5.11
TOTAL
100

1.29
0.16
0.16
0.97
0.27
2.85
0.43
5.27
5.71
2.53
3.23
6.08
0.65
0
12.49
29.87
0.05
29.92
1.83
0.65
0.86
0.38
3.71
0
0.05
0.05
3.98
0.43
0.59
5.01
20.61
0.65
0.22
1.83
0
23.30
5.22
0.86
10.87
16.95
100

2.06
0.08
0.16
1.35
0.08
3.73
0.56
1.98
2.54
2.78
7.22
6.66
0.24
0.08
16.97
40.52
0
40.52
1.82
0.48
0.95
1.43
4.68
0.08
0.16
0.24
7.77
0.32
1.74
9.83
11.18
1.03
0
0.95
0.08
13.24
1.98
0.48
5.79
8.25
100

Downstream

Utilities Automotive

Consumer
goods

Electro- Industrials Financials Retail Telecomnics
munication

Transport &
logistics

3.37
0.22
0.28
2.37
0.44
6.68
0.94
5.52
6.46
1.27
9.33
6.79
0.28
0.06
17.73
33.41
0.06
33.46
1.71
0.55
2.65
0
4.91
0.17
0.33
0.50
10.66
0.55
2.15
13.36
5.47
0.94
0
4.42
0.11
10.93
4.14
0.88
0.94
5.96
100

0.69
0.05
0.51
1.52
0
2.76
0.05
2.76
2.81
1.84
6.21
5.24
0.32
0.14
13.75
24.33
0.32
24.66
10.49
0.09
1.29
0
11.87
0.28
0
0.28
15.82
2.30
0.97
19.09
14.67
4.05
0.14
1.33
0.18
20.38
3.36
0.28
0.78
4.42
100

0.66
0
1.47
1.06
0.15
3.34
0.71
3.08
3.79
0.45
3.28
6.82
0.25
0
10.81
30.02
0.20
30.22
2.88
0.25
1.87
0
5.00
0.35
0.15
0.51
23.24
1.87
0.91
26.02
13.74
1.57
0.05
1.26
0
16.62
3.44
0
0.25
3.69
100

0.93
0
0.31
4.40
0
5.64
0.08
2.55
2.63
3.63
10.05
4.56
0.15
0
18.39
38.25
0.23
38.49
1.47
0.54
3.32
0
5.33
0.23
0.15
0.39
9.81
0.70
2.32
12.83
9.43
0.93
0
2.40
0.08
12.83
2.78
0
0.70
3.48
100

0.75
0.56
0.75
1.57
0.19
3.81
0.41
5.27
5.68
0.60
5.23
6.76
0.41
0
12.99
34.73
0.26
34.99
2.99
0.15
1.94
0.04
5.12
0.26
0.07
0.34
13.18
1.12
1.42
15.72
10.49
1.23
0.07
2.02
0.86
14.68
5.94
0.49
0.26
6.68
100

Fig. 4. Percentage of industries with zero values for particular indicators.

sustainability reports can be inﬂuenced by the type of SC echelon.
From Table 3 one can additionally observe that keyword
occurrence for top ﬁve indicators, as well as for other indicators,
differs from industry to industry. This can further indicate that the
percentage of keywords occurrence is in close relation to the type of
industry, meaning that different types of industries may require

0.71
0.05
0.60
1.15
0.05
2.58
0.55
3.07
3.62
1.86
8.33
4.93
0.16
0.05
15.34
34.58
0.16
34.74
1.21
0.27
1.53
0.11
3.12
0.44
0.33
0.77
19.29
2.47
0.99
22.74
10.25
1.32
0.27
1.97
0.05
13.86
2.68
0.22
0.33
3.23
100

1,53
0,27
0,45
3,79
0,09
6,14
0,18
4,24
4,42
0,72
1,62
13,72
0,27
0,18
16,52
28,79
0,18
28,97
5,42
0,63
4,06
1,08
11,19
0,36
0,18
0.54
13.90
0.81
2.53
17.24
7.76
0.45
0.09
1.90
0.09
10.29
2.98
0.36
1.35
4.69
100

1.01
0.13
0.63
3.29
0.25
5.32
0.38
2.66
3.04
2.53
4.68
5.70
0.13
0
13.04
42.15
0.13
42.28
4.43
0.38
3.04
0
7.85
0.13
0.38
0.51
11.77
1.52
0.63
13.92
3.42
1.14
0
1.52
0.51
6.58
3.54
0
3.92
7.47
100

0.75
0
1.01
1.92
0
3.67
0.69
4.26
4.95
0.91
2.82
5.17
0.32
0
9.21
29.18
0
29.18
5.54
0.27
3.99
0
9.80
0
0.16
0.16
23.59
1.22
0.96
25.77
7.83
1.70
0
1.65
0.27
11.45
3.46
0.37
1.97
5.80
100

different indicators. In Fig. 5 one can see the breakdown by the type
of industry that shows percentage of indicators with zero values. It
shows that ‘Industrials’ and ‘Financials’ are the only types of industry that address all issues covered by the indicators in their
sustainability reports. However, ‘Telecommunication’ and ‘Transport and logistics’ addressed fewer issues, i.e. those are two most
common types of industry for which indicators showed zero values
for keywords occurrence. This may indicate that the relevance of
indicators in the SC depends on the type of industry.
This is not surprising, as previous literature showed that the
majority of approaches to sustainability assessment differ in their
perspectives, from development and using a general set of indicators to the development and use of industry, process or product
speciﬁc indicators (Veleva and Ellenbecker, 2001; Labuschagne
et al., 2005; Rahdari and Rostamy, 2015; Fritz et al., 2017).
By taking all previous results into account, one can see that
content analysis shows that the deﬁned indicators appear in
companies’ sustainability reports and thus they can be used for
social sustainability assessment of the whole SC, i.e. indicators can
be considered generic. However, signiﬁcant differences among
relative frequencies of keyword occurrences related to indicators
may suggest that there is a:
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% indicators with zero values
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Materials

0.00

DOWN

Types of industry
Fig. 5. Percentage of indicators with zero values (broken down by type of industry).

- Different importance of indicators for different echelon levels;
- Different importance of indicators for different types of
industry;
- Different importance of the indicators depending on the issue
they address.
Due to large variations in values presented in Fig. 3, priority was
to conﬁrm if echelon level inﬂuences the importance of indicators.
For that purpose is performed one-way statistical analysis
(ANOVA).
Remaining observations of different importance of indicators
depending on the type of industry and based on the issue that they
address will be validated in future research.

3.3. One-way statistical analysis (ANOVA)
ANOVA analysis was performed on the sample composed by
three different groups (three echelons) in order to check if their
means are equal or not. It was used to test the statistical signiﬁcance of the three SC echelons, i.e. the aim was to evaluate if the SC
echelon level affects the percentages (Table 3) within each of 31
indicators. When the null hypothesis is rejected (p-value  0.05)
(see section 2 and Appendix C), it is assumed that there is statistical
difference between the mean values of percentage of keywords
occurrence for the different echelons. Meaning that there is statistical difference between the samples and that the echelon level
affects the frequency of keywords occurrence, i.e. the importance of
indicators depends on the SC echelon level.
Due to huge variety of data, an equal sample size had to be
generated based on the following criteria: 1) picking the lowest
common number of companies that address issues covered by
more than 50% of indicators (>15.5 indicators), i.e. each of them
gathered 19 companies in total; 2) calculation of mean relative
value of keywords occurrence for each company and picking those
companies which had a higher mean relative value. In order not to
miss important data, overall results from Fig. 3 were included in the

sample that will be used to analyse differences between the three
SC echelons. Consequently, the ﬁnal sample for ANOVA analysis
was 60.
Results of ANOVA analysis are shown in Table 4, in which one
can see that all p-values are above 0.05. So, there is no statistical
difference between the mean values of word counts for different
echelons. Hence, echelon level does not inﬂuence keyword frequency in sustainability reports, i.e. all indicators can be regarded
generic.

3.4. Model
Looking at results from sections 3.2 and 3.3 one can summarize
conclusions achieved through Fig. 6. The overall results of content
analysis and results of ANOVA analysis show that the proposed
social sustainability indicators are generic, i.e. they can be used for
the assessment of social sustainability of the whole SC. However,
the breakdown of the content analysis results by type of industry
demonstrates that some of the indicators reach zero values for
certain type of industries, meaning that they can be industryspeciﬁc indicators. The obtained results showed that all midpoint impact categories were addressed by all echelons and all
industry sectors in this study. Thus, by summarizing these observations, it can be stated that three sets of indicators exist, all of
which should belong to the 9 mid-point impact categories presented in this work. The model derived is presented in Fig. 6 with
the following characteristics of indicators:
- Generic indicators, suitable for social sustainability assessment of
the 9 mid-point impact categories (differentiated by color in
Fig. 6) of the whole SC;
- Echelon indicators, suitable for the assessment of the 9 mid-point
impact categories (differentiated by color in Fig. 6) of social
sustainability on echelon level (upstream, midstream,
downstream);
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Table 4
Results of ANOVA analysis.
Mid-point

Indicator

Employment beneﬁts and characteristics

EmpT
EmpL
WHratio
FPEmp
YSratio
ProR
UniEmp
TL
Acc
RAsmt
HcS
IRC
TRN
EdL
RG
WLG
DEratio
InD
Vac
WS
INNratio
NPratio
SciPub
PST
CLsc
BLratio
CBA
SSP
D
EmpC
IPS

Employment practices and relations
Health and safety practices and incidents

Training, education, and personal skills
Diversity and equal opportunities

Employee welfare
Innovation and competitiveness

Human rights implementation and integration

Basic human rights practice

p-value
Employee turnover
Employee layoffs
Working hours
Full- and part-time employees
Years of service
Promotion rate
Unionized employees
Time lost
Accidents
Risk assessment
Healthcare security coverage
Implementation of risk control
Training
Education level
Ratio of genders
Wage level between genders
Disabled employees
Income distribution
Vacation
Work satisfaction
Innovations
New products
Scientiﬁc publications
Personnel security training
Child labor
Bonded labor
Collective bargaining agreements
Sustainable suppliers practice
Discrimination
Employee complaints
Rights of indigenous people

0.64
0.53
0.53
0.53
0.20
0.93
0.99
0.60
0.94
0.95
0.84
0.95
0.98
0.27
0.77
0.45
0.45
0.47
0.55
0.70
0.76
0.72
0.79
0.84
0.77
0.41
0.86
0.78
0.96
0.33
0.20

Fig. 6. Indicators for social sustainability assessment of SCs.

- Speciﬁc indicators, suitable for the assessment of the 9 mid-point
impact categories (differentiated by color in Fig. 6) of social
sustainability at the industry level.
Out of 31 indicators presented in this work, 11 (marked with ‘?’
in Fig. 6) can be classiﬁed as generic indicators, since they are used
by industries in all echelons, but, on the other hand, they are also
within the speciﬁc indicators as they are not addressed by all industries. Thus, it is evident that classiﬁcation of indicators should
be based on previously mentioned three sets of indicators. However, further veriﬁcation of the inﬂuence of the type of industry on
indicators' signiﬁcance should be conducted.

3.5. Social sustainability assessment of supply chains
Within this sub-section is drawn attention to applicability and
relevance of the indicators in the social sustainability assessment of
SCs. A SC (Fig. 7) comprising one entity in each echelon is analyzed
through the application of some indicators. This SC has been
selected because: (i) results of content analysis (Table 3 and Fig. 5)
involved industries addressed all or the majority of the issues
covered by the indicators; (ii) chosen entities should compose a
coherent SC, i.e. entities belonging to the SC should be linked based
on their needs and on the product and/or service offered by them.
Consequently, ‘Utilities’ that can provide energy to industrial installations are chosen as an upstream entity. Midstream entity is
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Fig. 7. Supply chain used for the social sustainability assessment.

‘Industrials’ that uses energy provided from an upstream entity that
produces equipment, such as laptops, building-security systems,
tablets, etc., which will be used by the downstream entity e
‘Financials’.
Data collection is performed using the same sample of sustainability reports as for the content analysis. However, as data in
the reports can be inconsistent (one of the main gaps that leads to
the need of the aforementioned work), i.e. reports by different
companies on different issues or different reporting approach is
used, it was decided to combine data from more than one sustainability report. It means that if data for an indicator is missing in
one report, another report is used. Thus all reports (Table A)
belonging to utilities, industrials and ﬁnancials were used for data
collection.
Fig. 8 presents results of indicators’ calculation, showing
calculated values for indicators together with minimum and
maximum values deﬁned in section 3.1. Thus, identiﬁed minimum
value for all indicators is 0, and maximum values are identiﬁed
individually for each indicator. By following the value trend suggested for each indicator (section 3.1.), one can notice which indicators reached or are close to the target value and which need
improvements. This is clearly visible from Fig. 8, with unwanted

values identiﬁed in the center of the chart and target values identiﬁed near its edge. For instance, indicators that reached target
values are child labor (CLsc) e target value 0 and risk assessment
(RAsmt) e target value 1. In addition, the indicator for full-time
employees showed signiﬁcantly high value of 98.82% while its
target value is 100%. Values for the remaining indicators indicate
the need for further improvements. For instance, gender ratio (RG)
shows that there are signiﬁcantly more male than female employees as the target value for this indicator is 1 and the calculated
value is 0.57. In addition, the percentage of unionized employees
(UniEmp) is 53.32% and percentage of employees covered with
collecting bargaining agreements (CBA) is 64.19%.
Based on these results, one can say that knowing trends of indicators’ values, managers can use information from Fig. 8 to
identify areas where improvements are needed to move towards
social sustainability. Consequently, performance assessment, as
well as periodical monitoring, can be used for monitoring the
progress towards socially sustainable goals.
Deﬁciency of quantitative data for the majority of indicators
shows inconsistency in reporting on social issues. However, since
the guidelines and reporting are voluntary, companies report on
different issues in different ways making the aggregation and
comparison of values difﬁcult. Thus, in order to enable possible
assessment of the whole SC there should be a consensus on which
indicators should be used. Following this observation, one can
notice that indicators presented in this work can be aggregated for
different entities and thus enable the assessment of the whole SC.
Following the discussion above, the model presented in Fig. 6 is
also justiﬁed by the fact that different companies report on
different issues. It means that apart from generic indicators suitable
for the assessment of the whole SC, there should be also echelon
and industry-speciﬁc indicators.
4. Conclusions

Fig. 8. Calculation of social sustainability indicators.

To date, the literature has proposed various ways of assessing
social sustainability, but there is still missing a clear deﬁnition of
quantitative indicators that could be used to perform social sustainability assessment. This study tackles this drawback and explores multi-methodology to deﬁne a set of indicators for
quantitative assessment of social sustainability in SCs. Four main
methodologies were examined: literature review; content analysis,
one-way statistical analysis (ANOVA) and empirical analysis, which
allowed identifying and validating the indicators. The ﬁnal set of 31
indicators reﬂecting the context of an organization was focused on
the assessment of end-point impact categories: labor practice and
decent work; and human rights.
Based on the present work, some managerial implications can
be identiﬁed. These can be drawn at different levels. First, the paper
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SC a line of research should be conducted, which would use
methods such as multicriteria analysis. Additionally, a profound
observation of industry-speciﬁc indicators and development of
indicators that will be industry speciﬁc should also be performed.
This is fully consistent with the conclusions of the present work,
where three different sets of indicators were identiﬁed: generic,
echelon and speciﬁc indicators. The study of real case studies would
help this research line, enabling better validation of identiﬁed indicators, as well as critical analysis of their use.

brings in a practical form of assessing social sustainability in SCs.
The proposed indicators can be used for SCs social sustainability
assessment, as well as for periodical monitoring of progress towards deﬁned goals. Additionally, the ability of using the same
indicators across different echelons of the SC assists in the overall
SC assessment providing a platform to compare progress between
different SC entities. Secondly, the results of content analysis have
shown that the importance of indicators depends on the SC echelon
level as well as on the type of industry. Meaning that although there
are general indicators that are applicable to the whole SC regardless
of the type of product or service, there are also other types of indicators more adequate to assess social sustainability at certain
echelon levels or types of industry. The same can be concluded
from the applicability section (3.5.), where conducting social sustainability assessment of the whole SC is possible, but the lack of
quantitative data in sustainability reports, as well as inconsistency
of the data, indicate that different industries, apart from generic
indicators, should also use industry speciﬁc indicators. Finally, the
proposed set of the indicators can also be used to support policy
making, help deﬁne targets, and allow for comparisons.
For future work one can propose further improvements and
adjustments of the set of indicators, which is neither ﬁnal nor
closed. For instance, on the aggregation of such indicators along the
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Appendixes

Table A
List of sustainability reports used for content analysis
Industry

Company

Year

Pages

GRI Version

Region

Country

Generic Echelon

Materials
Materials
Materials
Materials
Materials
Materials
Materials
Materials
Mining
Mining
Mining
Mining
Mining
Mining
Mining
Mining
Mining
Mining
Mining
Mining
Oil and Gas
Oil and Gas
Oil and Gas
Oil and Gas
Oil and Gas
Oil and Gas
Oil and Gas
Oil and Gas
Oil and Gas
Oil and Gas
Oil and Gas
Oil and Gas
Oil and Gas
Utilities
Utilities
Utilities
Utilities
Utilities
Utilities
Utilities
Utilities
Utilities
Utilities

CRH
Dow Chemical
Holcim
Italcementi Group
Lafarge
Linde
Praxair
SCG
Agnico-Eagle Mines
Anglo Platinum
AngloAmerican
AngloGold Ashanti
Barric Gold Corporation
BHP Billiton
Codelco
Freeport-McMoRan
Kinross
Lonmin
Teck
Xstrata
Amec
BG Group
ENI
Nexen
Repsol
S-OIL
Saipem
Santos
Sasol
SBM Offshore
Suncor
Total
Woodside Petroleum
AGL Energy
Duke Energy
E.ON
Exelon
Fortum
Iberdrola
PG&E
Red Electrica
RWE
Sempra Energy

2010
2010
2009
2010
2010
2010
2010
2010
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2010
2010
2010
2010
2010
2010
2011
2011
2011
2010
2011
2010
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011

84
94
40
72
44
116
79
108
109
172
82
64
144
54
84
36
133
81
118
68
53
42
36
28
115
74
84
62
69
118
26
80
39
105
36
129
114
124
255
224
184
142
70

GRI3
GRI3
GRI3
GRI3
GRI3
GRI3.1
GRI3
GRI3
GRI3.1
GRI3
GRI3.1
GRI3
GRI3
GRI3
GRI3.1
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3.1
GRI3.1
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3.1
GRI3.1
GRI3.1
GRI3
GRI3.1
GRI3
GRI3.1

EU
NA
EU
EU
EU
EU
NA
AS
NA
AF
EU
AF
NA
OC
SA
NA
NA
EU
NA
EU
EU
EU
EU
NA
EU
AS
EU
OC
AF
EU
NA
EU
OC
OC
NA
EU
NA
EU
EU
NA
EU
EU
NA

IE
US
CH
IT
FR
DE
US
TH
CA
ZA
UK
ZA
CA
AU
CL
US
CA
UK
CA
CH
UK
UK
IT
CA
ES
KR
IT
AU
ZA
NL
CA
FR
AU
AU
US
DE
US
FI
ES
US
ES
DE
US

Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
Upstream
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Table A (continued )
Industry

Company

Year

Pages

GRI Version

Region

Country

Generic Echelon

Utilities
Utilities
Utilities
Automotive
Automotive
Automotive
Automotive
Automotive
Automotive
Automotive
Automotive
Automotive
Automotive
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Consumer Goods
Electronics
Electronics
Electronics
Electronics
Electronics
Electronics
Electronics
Electronics
Electronics
Electronics
Electronics
Electronics
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Industrials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Financials
Retail
Retail
Retail
Retail
Retail

Snam
Spectra Energy
Terna
BMW
Daimler
Denso
Fiat
Hyundai Motor
Johnson Controls
Mazda
Nissan
Pirelli
Volkswagen
Avon
Campbell Soup Company
Coca-Cola Company
Danisco
Diageo
Est
ee Lauder
Fujiﬁlm
Henkel
Kao
Kimberly-Clark
stle
Ne
Procter&Gamble
Sara Lee
SCA
Unilever
AU Optronics
NEC
Fujitsu
Hewlett Packard
Epson
TDK
Panasonic
LG Electronics
Intel
SK hynix
STMicroelectronics
Konica Minolta
3M
Atlas Copco
Bombardier
Daikin
Finmeccanica
General Electric
Hyundai Engineering & Construction
Ingersoll Rand
Komatsu
Metso
Sandvik
Siemens
STX Engine
Sulzer
Toshiba
Volvo Group
Banca Monte dei Paschi di Siena
Barclays
Bradesco
CIBC
Dexia
DnB NOR
Intesa Sanpaolo
Nedbank Group
Royal Bank of Canada
Royal Bank of Scotland
Westpac Group
Ahold
Hennes & Mauritz
Kesko
Kingﬁsher
Lotte Shopping

2011
2011
2011
2010
2011
2011
2011
2010
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2010
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2010
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2010
2011
2010
2011
2010
2011
2011
2011
2011
2011
2011
2011
2011
2011
2010
2010
2010
2011
2010
2009
2010
2009
2011
2010
2011
2011
2011
2010
2010
2010

102
30
220
120
120
92
268
86
241
139
88
161
104
157
122
95
94
96
54
74
50
131
141
295
76
68
78
44
81
28
100
186
70
29
84
90
133
102
72
44
107
28
169
32
160
42
75
75
52
57
13
90
71
16
60
101
120
103
60
85
48
32
120
96
131
44
44
76
89
94
111
120

GRI3.1
GRI3.1
GRI3.1
GRI3
GRI3.1
GRI3
GRI3.1
GRI3
GRI3.1
GRI3.1
GRI3.1
GRI3.1
GRI3
GRI3
GRI3
GRI3.1
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3.1
GRI3
GRI3.1
GRI3
GRI3
GRI3.1
GRI3.1
GRI3.1
GRI3
GRI3.1
GRI3
GRI3.1
GRI3.1
GRI3.1
GRI3.1
GRI3
GRI3
GRI3.1
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3.1
GRI3.1
GRI3.1
GRI3.1
GRI3
GRI3
GRI3.1
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3
GRI3.1
GRI3

EU
NA
EU
EU
EU
AS
EU
AS
NA
AS
AS
EU
EU
NA
NA
NA
EU
EU
NA
AS
EU
AS
NA
EU
NA
NA
EU
EU
AS
AS
AS
NA
AS
AS
AS
AS
NA
AS
EU
AS
NA
EU
NA
AS
EU
NA
AS
NA
AS
EU
EU
EU
AS
EU
AS
EU
EU
EU
SA
NA
EU
EU
EU
AF
NA
EU
OC
EU
EU
EU
EU
AS

IT
US
IT
DE
DE
JP
IT
KR
US
JP
JP
IT
DE
US
US
US
DK
UK
US
JP
DE
JP
US
CH
US
US
SE
NL
TW
JP
JP
US
JP
JP
JP
KR
US
KR
CH
JP
US
SE
CA
JP
IT
US
KR
US
JP
FI
SE
DE
KR
CH
JP
SE
IT
UK
BR
CA
BE
NO
IT
ZA
CA
UK
AU
NL
SE
FI
UK
KR

Upstream
Upstream
Upstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Midstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
(continued on next page)
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Table A (continued )
Industry

Company

Year

Pages

GRI Version

Region

Country

Generic Echelon

Retail
Retail
Retail
Retail
Telecommunication
Telecommunication
Telecommunication
Telecommunication
Telecommunication
Telecommunication
Telecommunication
Telecommunication
Telecommunication
Telecommunication
Telecommunication
Telecommunication
Transport & Logistics
Transport & Logistics
Transport & Logistics
Transport & Logistics
Transport & Logistics
Transport & Logistics
Transport & Logistics
Transport & Logistics
Transport & Logistics
Transport & Logistics
TOTAL

Marks & Spencer
Ofﬁce Depot
Staples
Wesfarmers
BT Group
France Telecom-Orange
KPN
KT
Portugal Telecom
SK Telecom
Telecom Italia
Telef
onica
Telenor
TeliaSonera
Telstra
Vodafone Group
Abertis
Air France-KLM
Ball
Cathay Paciﬁc Airways
Deutsche Post DHL
Fraport
Maersk
Nippon Yusen Kaisha
Transurban
United Parcel Service
141 companies

2010
2010
2010
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011
2011

56
24
91
76
255
160
72
54
165
64
144
90
43
45
79
24
105
80
30
154
88
49
82
52
40
149
13148 pgs.

GRI3.1
GRI3
GRI3
GRI3
GRI3.1
GRI3
GRI3.1
GRI3.1
GRI3.1
GRI3.1
GRI3.1
GRI3.1
GRI3.1
GRI3.1
GRI3
GRI3
GRI3.1
GRI3.1
GRI3.1
GRI3.1
GRI3
GRI3.1
GRI3
GRI3.1
GRI3
GRI3.1

EU
NA
NA
OC
EU
EU
EU
AD
EU
AD
EU
EU
EU
EU
OC
EU
EU
EU
NA
AS
EU
EU
EU
AS
OC
NA

UK
CA
US
AU
UK
FR
NL
KR
PT
KR
IT
ES
NO
SE
AU
UK
ES
FR
US
CN
DE
DE
DK
JP
AU
US
25 countries

Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream
Downstream

Table B
List of keywords used for content analysis
Mid-point

Indicator

Employment beneﬁts and characteristics

EmpT
EmpL
WHratio
FPEmp
YSratio
ProR
UniEmp
TL
Acc
RAsmt
HcS
IRC
TRN
EdL
RG
WLG
DEratio
InD
Vac
WS
INNratio
NPratio
SciPub
PST
CLsc
BLratio
CBA

Employee turnover
Employee layoffs
Working hours
Full- and part-time employees
Years of service
Promotion rate
Unionized employees
Time lost
Accidents
Risk assessment
Healthcare security coverage
Implementation of risk control
Training
Education level
Ratio of genders
Wage level between genders
Disabled employees
Income distribution
Vacation
Work satisfaction
Innovations
New products
Scientiﬁc publications
Personnel security training
Child labor
Bonded labor
Collective bargaining agreements

SSP
D
EmpC
IPS

Sustainable practice
Discrimination
Employee complaints
Rights of indigenous people

Employment practices and relations
Health and safety practices and incidents

Training, education and personal skills
Diversity and equal opportunities

Employee welfare
Innovation and competitiveness

Human rights implementation and integration

Basic human rights practice

Keywords
Turnover; resigned; redundant
Layoff
Working hours
Full-time; part-time
Years of service; working life
Promotions
Unions
Time lost (due to accidents, injuries, etc.)
Accidents
Risk assessment; risk management
Health insurance; healthcare security; medical insurance
Risk information
Training
Education level; employee education
Female; male; gender equality
Wages; salary ratio (related to genders)
Disabled
Employment equity; equity
Vacation; annual leave
Sick leave; sick days
Innovation
New product
Publication
Human rights
Child labour/labor
Bonded labour/labor
Collective bargaining agreement; collective agreement;
collective bargaining; bargaining agreement
Sustainability policy; sustainable policy
Discrimination; harassment; violence
(employee) complains
Indigenous
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Appendix C. ANOVA assumptions
The assumptions for the one-way analysis of variance are
(Bewick et al., 2004):
- Observations are independent;
- The sample is extracted from the same population;
- Variances of data are equal.
The ANOVA tests for two different hypotheses (Quirk, 2016):
- H0 (null hypothesis): m1 ¼ m2 ¼ m3 (there is no difference between the sample populations' mean);
- HA: mi s mj; where i s j (there are at least two group means that
are not equal, i.e. they are statistically signiﬁcantly different
from each other).
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Abbreviations
ac: aggregation factor per entity supply chain contribution
Acc: accidents
BL: number of recorded bonded labor in entity i
BLratio: bonded labor
Cadd: total number of complaints that has been managed/solved in entity i
CBA: collective bargaining agreement
cei: contribution factor per entity i
CL: number of child labor in entity i
CLsc: child labor
Ctot: total number of complaints in entity i
D: discrimination
DE: number of disabled employees in entity i
DEPtot: total number of places available for the disabled employees in entity i
DEratio: disabled employees
DLin: number of days lost due to injury in entity i
EdL: education level
EmpC: employee complaints
EmpL: employee layoffs
EmpT: employee turnover
EVi: entity values of entities i ... I
EVmean,i: entity mean values of entities i … I
FE: number of female employees in entity i
FEaw: average female wage in entity i
FPemp: Full- and part-time employees
fsc: entity's contribution to supply chain
FT: percentage of full-time employees in whole supply chain
HcS: healthcare security coverage
i: given entity of supply chain
I: total number of entities in supply chain
IB: income of bottom 10% employees in entity i
InD: income distribution
INip: number of incidents of violating rights of indigenous people per entity i
INNratio: innovations
INNs: number of social innovations for improving social sustainability in entity i
INNtot: total number of innovations in entity i
INtot: number of incidents of all kind in entity i
IPS: rights of indigenous people
IRC: implementation of risk control
IT: income of top 10% employees in entity i
Loff: number of layoffs in entity i
ME: number of male employees in entity i

MEaw: average male wage in entity i
n: employee with provided training
N: total number of employees with provided training
Nca: number of employees covered by collective bargaining agreements in entity i
Nei: number of employees informed about risk levels and risk control information in
entity i
Nfull: number of full time employees in entity i
Nhc: number of employees with employer-provided health insurance in entity i
Nhi: number of hired employees in entity i
Nip: total number of indigenous people in community where entity operates
Nle: number of employees with corresponding level of education in entity i
NP: number of new products
Npe: number of promoted employees in a year in entity i
NPratio: new products
Ntot: total number of employees in entity i
Nue: number of unionized employees in entity i
ProR: promotion rate
PST: personnel security training
PT: percentage of part-time employees in whole supply chain
Pubsci: number of scientiﬁc publications in entity i
Pubtot: total number of publications in entity i
R: resigned employees in entity i
RA: number of recordable accidents per year in entity i
RAsmt: risk assessment
RD: redundant employees in entity i
RG: ratio of genders
SciPub: scientiﬁc publications
Sdate: number of suppliers with up to date policy
SA: sickness absence rate in entity i
SAnat: national sickness absence rate in country where entity operates
SC: supply chain
SSP: sustainable suppliers practice
Stot: total number of suppliers per entity i
SV: supply chain value
tfv: total entity value
TH: total number of hours training per year in entity i
Thr: number of employees trained in aspect of human rights in entity i
TL: time lost
TRN: training
UniEmp: unionized employees
Vac: vacation
VDavbl: average number of days used for vacation per year in entity i
VDlaw: total number of available vacation days per year per employee based on the
law/contract/collective bargaining in entity i
VR: entity with veriﬁed risk assessments
WDtot: total number of working days in entity i
WHavg: average number of working hours in entity i
WHlaw: number of working hours regulated by law in entity i
WHratio: working hours
WLG: wage level between genders
WS: work satisfaction
WY: average years of working life of employee in entity i
YS: average years of service in entity i
YSratio: years of service
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