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Abstract. The purpose of this paper is to analyze indicators used for measuring sustainability in
supply chains. A systematic review was conducted to explore indicator-based frameworks and
identify the associated gaps within published peer-reviewed articles that are relevant to
sustainability performance measurement of supply chains. A total of 628 indicators were analyzed:
202 for economic, 208 for environmental and 218 for social dimensions of sustainability. The
majority of the indicators were used only once, which indicates a lack of consistency and consensus
on how sustainability should be measured in supply chains. Four indicators, product quality, energy
consumption, occupational health and safety, and employment/job opportunity, were found to be the
most frequently and consistently used indicators. Multi-criteria decision analysis (MCDA)
techniques are the most widely applied research methods for analyzing the indicators. Case studies
were mostly conducted in the automotive and food industries compared to other industrial sectors.
The majority of previous research focused on linear multi-echelon supply chain than closed-loop
supply chain. The indicator-based frameworks proposed by the previous research did not consider
context-based sustainability. Unlike previous long-lists of indicators in the literature, this paper
analyzed the most consistent and frequently used indicators for measuring sustainability in supply
chains. Moreover, it provides a comprehensive view of indicators by including all the three
dimensions of sustainability. This paper presents an in-depth analysis of the use of indicators in
sustainability measurement of supply chains. It proposes a preliminary research agenda by
highlighting gaps in the existing research and this will provide a strong basis for future academic
and practitioner work.
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1. Introduction

Sustainability has received substantial attention both in academia and practitioners’ world in recent
years [21, 57]. Due to growing concerns of environmental and social impacts, governments’ regulations,
customers, employees, shareholders, community activists, and non-governmental organizations have put
pressure on companies and their supply chains to adopt sustainability practices [15, 20, 21, 36].
Sustainability practices are also adopted for gaining competitive advantage [27, 30, 34]. The adoption of
sustainability in the context of supply chain has gained considerable attention [48], and it is viewed as
an essential strategy to deliver long-term profitability [61]. Supply chains are vital to the global economy
and provide many business opportunities [46], and they are driving forces behind business competitive
advantages [44]. However, they can also lead to unintended social and environmental impacts [46]. To
alleviate the impacts, sustainability performance management of the supply chains is vital [44, 46].
Companies are encouraged to revise their major processes of supply chain management by adopting
sustainability practices since environmental and social impacts affect their image and competitiveness
[50]. With the increasing pressure from various stakeholders for more transparency of sustainability
practices, there is a trend in research and practice towards developing tools for sustainability
measurement of supply chains [17, 40]. Sustainability of supply chain cannot be appropriately managed
if it is not measured effectively [43]. Measuring sustainability performance of a company and its supply
chain has become essential for setting goals and determining future courses of action [48].

Sustainability measurement in the supply chain is widely addressed by three interrelated dimensions
of sustainability — economic, environmental, and social [10, 12, 26, 29] which are described as triple
bottom line (TBL) [10, 12, 26]. Sustainability measurement of supply chains consists of managing
economic, environmental and social aspects [7, 30]. The TBL approach is a central concept that helps



organizations to operationalize sustainability while diverse interpretations of sustainability exist [24].
TBL is the most widely used comprehensive approach for implementing sustainability practices in the
company and supply chain. The use of multidimensional indicators, based on TBL, is crucial for easy
and comparable sustainability performance measurement [8]. TBL indicators are increasingly recognized
as a powerful tool providing information on sustainability performance in areas of economy, environment
and society [40]. The development and application of sustainability indicators depend on the purpose for
which they will be applied (i.e., the context of the business) [ 13]. It is important to employ context-based
indicators to express an organization’s sustainability as a function of its impacts on economy,
environment and social relative to norms, standards or thresholds of being sustainable [35].

This paper aimed at analyzing indicators used for measuring sustainability in supply chains and
highlighting the associated gaps in the existing research. To achieve this objective, a systematic literature
review was conducted to find peer-reviewed articles relevant to sustainability performance measurement
of supply chains. Analysis of the selected papers was conducted, and the results were discussed briefly.
Finally, concluding remarks with future research agenda were forwarded.

2. Methodology

A systematic literature review was conducted to identify peer-reviewed articles that focus on
sustainability measurement of supply chains. For this purpose, Scopus and Web of Science (WoS) were
selected as a search database since they provide extensive coverage of peer-reviewed journal articles in
the scientific, technical, and social sciences [3]. Two sets of keywords were used for the search in the
databases: (“sustainable supply chain®” or “sustainable supply chain management” or “supply chain*
sustainability”) in the first set and (“indicator®*” or “metric*” or “measure*”) in the second set.

Initial Keywords Search Excluding reviews, conference
Scopus (n=431) papers, book chapters and other
WoS (n = 328) document types (n = 223)
\ Articles
Duplication (n = 202) Scopus (n =291)
WoS (n = 245)
Excluding papers that did not focus on
Not accessible online (n = 34), and Abstract Reading sustainability measurement, evaluation or

Not written in English (n = 2) (n=334) assessment of supply chains and/or did not
use a comprehensive approach (n = 160)

Excluding papers that did not consider
indicator-based assessment and/or with
no relevant indicators (n=71)

Full Paper Reading
(n=138)

(n=67) Papers selected for analysis

Fig. 1. Approach of the systematic literature review

As seen in Fig. 1, a total of 759 papers were initially found using the keywords search in the Scopus
and WoS published until 2020. The search considered peer-reviewed articles published in the English
language. All fields as well as all subject areas available in the Scopus and WoS databases were taken.
By excluding reviews, conference papers, book chapters and other document types (in other words,
focusing only on articles since they are thoroughly peer-reviewed), 536 articles were identified from both
Scopus and WoS. Out of which, 202 papers were found duplicated. It was not possible to access 34
papers through an online search, and 2 papers were not written in the English language. After abstract
reading, 160 were excluded since they did not focus sustainability performance measurement, evaluation
or assessment of supply chains, and were not based on a comprehensive approach (i.e., TBL approach).
In addition, 71 papers, because they did not propose indicators that are relevant to the purpose of this
study, were excluded through full paper reading. Finally, 67 papers were identified and selected for
general analysis, and 41 papers, since they are supported with empirical analysis, out of the 67 were used
for the analysis of indicators.



3. Results and discussion

In this section, the results of the analysis are presented with a brief discussion. Section 3.1 and section
3.2 present an overview on the distribution of the papers by journal type and research methods applied
by the previous research respectively. Section 3.3 briefly discusses the results of indicators analysis by
their frequency of use. The associated gaps are briefly described in section 3.4.

3.1.Distribution of papers by journal type

Fig. 2 shows the distribution of the selected papers by journal type. It is seen that about 50 % of the
papers are from six journals (i.e. Journal of Cleaner Production, Sustainability (Switzerland),
Benchmarking, Computers and Operations Research, International Journal of Productivity and
Performance Management, and British Food Journal). The Journal of Cleaner Production is the leading
contributor to the papers.
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Fig. 2. Distribution of papers by journal type.



3.2.Research methods applied

Figure 3 presents research methods which are used by three or more papers for data analysis.

Analytical Hierarchy Process (A H P ) /50—
Literature Review, Conceptual Analysis, and Content Analysis /5
Data Envelopment Analysis (DEA.) /50—
Mathematical Modeling/Optimization /e —
Analytic Network Process (ANP) -
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Fig. 3. Research methods applied by the previous research.

Multi-criteria decision analysis (MCDA) techniques including AHP, ANP, DEMATEL, and TOPSIS
were widely applied to analyze sustainability dimensions and indicators. AHP was used to determine the
weight of indicators by incorporating experts’ opinions without considering interrelationship/
interdependence among indicators. ANP was also used to determine the weight of indicators by defining
interrelationship among them. DEMATEL was applied to identify the influential indicators from a
recommended list by considering interrelationship among indicators. TOPSIS was employed to rank and
select the best alternatives such as best suppliers based on sustainability criteria. Data envelopment
analysis (DEA) was also used to evaluate sustainability of supply chains in terms of efficiency scores by
defining decision making units. Fuzzy logic is applied to MCDA techniques and DEA to address the
vagueness of experts’ opinions.

The previous research carried-out case studies in various industrial sectors to illustrate and validate
their work. As seen in Table 1, more case studies were conducted in automotive and food industries than
in other industrial sectors.

Table 1. Some of the industrial sectors for the case study.

Industrial Sector Papers (#) Authors
Automotive 4 [32], [30], [50], [19]
Food 4 (5], [23], [4], [58]
Plastic 3 [60], [38], [57]
Cement 2 [31], [56]
Electronics 2 [28], [53]

Sugar 2 [11], [1]

Aircraft 1 [45]

Apparel 1 [25]

Chemical 1 [6]

Oil and Gas 1 [55]

Soft Drink 1 [13]

3.3.Analysis of indicators

As shown in Table 2, a total of 628 indicators (202 for economic, 208 for environmental and 218 for
social dimensions) were identified in the literature by analyzing selected papers that carried out empirical
research. A wide-range of the indicators (about 87%) were found to be used once, and this shows a lack
of consistency and consensus on how sustainability should be measured in supply chains [3] and the
effect of industry context differences on the use of the indicators. Thirty-three (33) indicators were used
4 times and above. It is revealed that about 92% of the indicators were used less than 4 times. Four



indicators (product quality, energy consumption, occupational health and safety, and employment/job
opportunity), which accounts for 0.6% of the total indicators, were used 10 times and above.

Table 2. Identified indicators by frequency of use.

Frequency of Use | Identified Indicators (#)

1 546
2 33
3 16
4 14
5 5
6 5
7 2
8 2
9 1
10 1
11 1
12 1
13 1

Total 628

The overwhelming majority of the indicators focused on the measurement of absolute or relative
sustainability performance. They are either absolute or relative indicators. Absolute indicators express
sustainability performance in terms of what overall levels of performance are in specific areas of interest
(e.g., water consumption) for an organization as a whole [35]. While relative indicators express
sustainability performance in terms of how performance in one area (e.g., water consumption) correlates
to performance in another area (e.g., total production) of an organization [35]. On the other hand, the
systematic review reveals that there is a lack of context-based indicators for measuring sustainability in
supply chains. Context-based indicators express an organization’s sustainability performance as a
function of its impact on the economy, environment and social with respect to norms, standards or
thresholds of being sustainable (e.g., water consumed per employee compared with a fair or equitable
allocation of available renewable water supplies) [35]. Global Reporting Initiative (GRI) indicators were
used by some papers. GRI promotes sustainability context. However, it does not explicitly state the
context with respect to norms, standards or thresholds of being sustainable.

Table 3. Frequently used indicators for economic dimension.

Indicators Frequency of Use Authors
Product quality 11 [311, [39], [47], [13], [61], [45], [5], [56], [16], [34], [57]
Delivery time 8 [311, [39], [47], [61], [41], [56], [16], [25]
Flexibility 8 [39], [47], [61], [45], [16], [34], [57], [25]
Product price 7 [31], [47], [41], [5], [16], [6], [25]
Investment 5 [18], [54], [33], [22], [15]
Revenue 4 [55], [11], [45], [19]
Productivity 4 [18], [11], [32], [58]
Profit 4 [9], [40], [33], [45]

Table 3 shows that product quality, delivery time, flexibility, product price, investment, revenue,
productivity, and profit were revealed to be the frequently used indicators for measuring economic
dimension of sustainability in supply chains. Table 3 also reveals that all the indicators were not equally



considered in the reviewed literature. Product quality was found to be the topmost commonly used
indicator in indicator-based sustainability measurement frameworks of the previous research.

Table 4. Frequently used indicators for environment dimension.

Indicators Frequency of Use Authors
Energy consumption 13 Ei}: E;}: HH (141, (311, 1131, 331, [541. [49. 1571,
Water consumption 9 [18], [55], [13], [45], [17], [49], [53], [58], [15]
GHG emissions 7 [18], [117, [45], [22], [17], [49], [25]
Waste minimization 6 [1], [14], [16], [34], [53], [15]
Waste management 5 [9], [391, [54], [2], [57]
Recyclable waste 5 [1],[13], [43], [16], [57]
Reverse logistics 5 [2], [16], [30], [34], [15]
Material consumption 4 [13], [45], [41], [30]
Recycled material use 4 [49], [19], [25], [15]
Renewable energy use 4 [56], [17], [49], [15]
Air emissions 4 [1], [22], [49], [19]
Solid waste 4 [11], [39], [13], [49]
Pollution control 4 [31], [39], [61], [50]

Table 4 reveals the commonly used indicators for measuring environmental dimension of
sustainability in supply chains. Of these indicators, energy consumption is the topmost considered
indicator by the previous research.

Table 5. Frequently used indicators for social dimension.

Indicators Frequency of Use Authors
Occupational health and safety 12 { (],)’][ [5]7][3[1]][47]’ [40], 1451, [28], [22], [2].
Employment/Job opportunity 10 E }’ (401, 1451, [28], 431, [56]. 571, [4]. [37];
Customer satisfaction 6 [61], [43], [32], [17], [19], [53]
Working conditions 6 [1], [59], [41], [56], [30], [57]
Corruption 6 [45], [28], [56], [17], [49]. [19]
Employee training 6 [1], [39], [54], [17], [22], [49]
Workplace accidents 5 [55]. [39], [5], [17], [15]
Wage 4 [55], [17], [49], [58]
Child labor 4 [28], [49], [17], [19]
Human rights 4 [9], [47], [32], [2]
Freedom of association 4 [28], [56], [17], [49]
Discrimination 4 (28], [56], [17], [49]

The indicators in Table 5 were found to be consistent and frequently used indicators for measuring
social dimension of sustainability in supply chains. Among which, occupational health and safety, and
employment/job opportunity are the uppermost considered indicators.



3.4.Gaps and research opportunities

The previous research considered different supply chains in their indicator-based framework. They
addressed linear/forward multi-echelon supply chain, single-echelon (supplier), and closed-loop supply
chain. Linear multi-echelon supply chain mainly consisted of supply, production, distribution, and
customer. Vivas et al. [55] developed a methodology to assist a decision-maker in evaluating and
choosing the best sustainable options for an oil and gas supply chain. Demartini et al. [13] analyzed the
current state of soft drink supply chains with respect to sustainability issues. Tsolakis et al. [54]
introduced a qualitative sustainability performance assessment framework for food supply networks.
Single-echelon mainly addressed supplier sustainability measurement. Giannakis et al. [18] developed a
sustainability performance measurement framework for supplier evaluation and selection using analytic
network process. Zhou et al. [61] proposed a novel criteria system for evaluating sustainable suppliers.
There is a concern of environmental and social impacts that resulted from the growing amount of end-
of-life (EOL) products [52]. Closed-loop supply chain (CLSC) can substantially help for managing the
EOL products and improving sustainability by reusing, remanufacturing, recycling [42, 51, 52].
Pourjavad et al. [42] developed a fuzzy multi-objective mixed-integer linear programming to optimize a
sustainable CLSC network. Taleizadeh et al. [52] proposed a comprehensive model to measures social
and environmental effects of closed-loop supply chain. Most previous research considered linear/forward
multi-echelon supply chain. Whereas, closed-loop supply chain has been less studied by the previous
research. This shows that research on sustainability measurement of CLSC is lacking.

In context-based sustainability (CBS), it is necessary to define a context. According to McElory and
van Engelen [35] an organization’s sustainability performance is a function of its impacts on the
economy, environment and social (numerator) relative to norms, standards or thresholds of being
sustainable (denominator). Taleizadeh et al. [52] used GRI indicators in their model to measure social
and environmental effects. Azevedo et al. [7] also used GRI indicators in their framework for assessing
sustainability of individual companies and their corresponding upstream supply chain. However, the
overwhelming majority of the previous research did not consider context-based sustainability/
sustainability context. There is limited research on context-based sustainability. The gaps reveal that
there is a need for research that focuses on closed-loop supply chains and context-based sustainability.

4. Conclusion

This paper presents the analysis of indicators published in the literature on sustainability
measurement of supply chains. A systematic literature review was conducted to search the relevant peer-
reviewed articles in this area. The analysis of indicators is conducted on selected empirical research
papers. The results showed that from the total 628 indicators which were addressed in the literature, the
majority (87%) of them were used only once in the literature, and this shows a lack of consistency in the
use of indicators for measuring sustainability in supply chains. Product quality, energy consumption,
occupational health and safety, and employment/job opportunity were found to be the most consistent
and frequently used indicators for measuring sustainability in supply chains. The results also revealed
that multi-criteria decision analysis (MCDA) techniques are the most widely applied research methods
which have been used for the analysis of the indicators. Compared to other industrial sectors, automotive
and food industries are more considered for conducting the case studies. The indicator-based frameworks
by the previous research mostly considered linear/forward multi-echelon supply chains than closed-loop
supply chains. Research on sustainability measurement in a closed-loop supply chain context is lacking.
Measurement of sustainability uses absolute, relative and context-based indicators to get a sense of
whether supply chains are truly sustainable or not. It is revealed that unlike absolute and relative
indicators, there is a lack of context-based indicators for measuring sustainability in supply chains. This
paper provides a research agenda by exploring the research gaps in the existing research. It highlights
research opportunities on consistent and applicable indicators, context-based sustainability, and
sustainability measurement in closed-loop supply chains. Hence, it recommends future research to focus
on context-based sustainability measurement in closed-loop supply chains using consistent and
applicable indicators.
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