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Abstract: With circular supply chain management, the need arises to measure circularity as well as
economic, environmental, and social performance. This places higher demands on performance
measurement systems for circular supply chain management. The current paper studies the extent
to which performance measurement systems for circular supply chain management can meet these
higher demands. To gain this insight, a systematic literature review is conducted. Moreover, existing
definitions of circular supply chain management are reviewed and an improved definition of circular
supply chain management is developed. The current paper finds, among other things, that the litera-
ture on performance measurement systems for circular supply chain management is scarce. Moreover,
most of the available performance measurement systems for circular supply chain management have
not been tested in practice and are therefore still in an early phase of development. Furthermore,
none of the available performance measurement systems for circular supply chain management
meet the requirements for effective performance measurement systems. More specifically, including
interdependencies between performance measures is a requirement that none of the performance
measurement systems for circular supply chain management can meet. Including interdependencies
would better support the complex decision making that arises in circular supply chain management
and enable one to challenge strategic assumptions about the improvement of circularity, economic,

environmental, and social performance in parallel.

Keywords: performance measurement system; performance measurement; circular supply chain;
sustainability; supply chain; circular economy

1. Introduction

A performance measurement system (PMS) plays a key role in the management of a
supply chain. A performance measurement system (PMS) provides information necessary
for decision making, enables one to control the execution of a strategy, and reports the
performance of a supply chain towards a variety of stakeholders [1,2]. A performance
measurement system (PMS) consists of a set of performance measures. Initially, this set of
performance measures was exclusively focused on economic performance, with measures
such as cost, asset management efficiency, reliability, and agility [1,3] Subsequently, the set
of performance measures was extended to enable sustainable development. Sustainable
development strives not only for economic prosperity but also for environmental quality
and social equity [4-7]. As a result, measures which focus on environmental and social
performance became relevant in addition to measures of economic performance [4,5,7].

Sustainable development often proved to be difficult to implement [8,9]. As a result,
the concept of a circular economy has received much attention from practitioners and aca-
demics alike. The concept of a circular economy introduces various strategies to implement
sustainable development (for example, ‘reduce, reuse and recycle’) [5-8].
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However, the relationship between circular strategies and sustainable development
is complex and has different characteristics. Whilst circularity is supposed to lead to
more sustainability, it does not necessarily achieve that result. For example, the circular
strategies of ‘reuse and recycle’ promote the return of products after end-of-use in order to
reuse the products or its materials. This leads to less use of virgin materials and hence
less resource depletion and less costs, which suggests an increase of sustainable devel-
opment. However, simultaneously, the returns also require more transportation and an
energy-intensive process for reusing the product or for the recycling of materials. This
leads to more CO, emissions and an increase of costs which rather suggests less sustainable
development [10-12].

The complex relationship between circular strategies and economic, environmental,
and social performance characterizes decision making in circular supply chain management
(CSCM) [5-7,10-12]. This places higher demands on PMSs for CSCM. A PMS for CSCM
has to report and control more performance measures. Moreover, a PMS for CSCM
has to identify the interdependencies between economic performance, environmental
performance, social performance, and circularity. Neglecting these interdependencies can
lead to suboptimal results [13].

The complex relationship between circular strategies and economic, environmental,
and social performance is the motivation for the current paper. The current paper aims
to study the extent to which the currently available PMSs can meet the higher demands
placed by circular supply chain management (CSCM).

Performance measurement is a topic which is frequently addressed in the supply
chain literature. Various literature reviews on performance measurement or performance
measures are available, including [14-17]. However, these literature reviews focus on
performance measures and do not take into account the complex interdependence between
measures. The focus of the current paper is on PMSs as the set of measures [2,3]. This set
of measures takes into account the interdependence between its measures, which could
address the complex interdependence between circularity and economic, environmental,
and social performance.

Table 1 presents an overview of previous literature reviews on PMSs of supply
chains. Moreover, this table positions the current paper in relation to existing litera-
ture reviews, based on its framework of analysis and its focus on circular supply chain
management (CSCM).

This leads to the following research questions:

(1) What is the current state of development of performance measurement systems for
circular supply chain management?

(2) Which opportunities exist for further development of performance measurement
systems for circular supply chain management?

The current paper is structured as follows. Section 2 presents a theoretical background,
introducing the framework of analysis of the literature review. The framework of analysis
consists of the requirements for effective PMSs for CSCM and the phase of development of
PMSs for CSCM. Section 3 describes the methodology. Section 4 presents the results of the
literature review. Section 5 describes the discussion which includes various opportunities
for further research, followed by Section 6, the conclusions.
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Table 1. Overview of previous literature reviews on supply chain PMSs.

Circular
Authors Year Framework of Analysis Supply
Chain
Cuthbertson and
Piotrowicz [18] 2011 Content, context, process NO
Gopaletal. [19] 2012 PMS phase of development NO
Balfagih etal. [20] 2016 Procegs, perspective and hierarchical based approaches NO
Techniques
Sources
Maestrini etal. [2] 2017 Methodology NO

PMS phase of development

Adoption consequences

Kaetal. [21] 2019 Process, perspective and hierarchical based approaches NO
Requirements for effective PMSs for CSCM YES

The current paper 2021 PMS for CSCM phase of development

2. Background
2.1. Circular Supply Chain Management

Circular supply chain management (CSCM) introduced the concept of a circular
economy in the field of supply chain management. A circular economy is characterized
by (1) restorative and regenerative cycles and (2) reducing, maintaining and recovering
resources [8,22]. Restorative cycles refer to the ability to repair, refurbish, remanufacture,
and recycle technical products/materials after end of life [22,23]. Regenerative cycles
refer to the ability of biological products to become both biological nutrients and part
of the biosphere as natural capital after end of life [22,23]. Reducing, maintaining, and
recovering resources refers to various circular strategies, such as the ‘nine Rs’ (refuse,
rethink, reduce, re-use, repair, refurbish, remanufacture, repurpose, recycle, recover). These
circular strategies are used to implement sustainable development in CSCM [8,11,24]. The
nine Rs suggest there is a hierarchy of strategies, wherein the former strategies (refuse,
rethink, reduce) lead to more sustainable development compared to the latter strategies
(repurpose, recycle, recover) [22,24]. Recent empirical research shows that this relationship
is less clear than the hierarchy suggests [25].

There are multiple definitions of CSCM [5,7,10]. A definition should reflect the char-
acteristics which make CSCM unique in relation to other supply chain concepts [5]. A
clear definition enables the development of knowledge. This section of the current paper
compares the definitions and their ability to reflect unique characteristics of CSCM. The
definition of CSCM by [10] is “The coordinated forward and reverse supply chains via
purposeful business ecosystem integration for value creation from products/services, by-
products and useful waste flows through prolonged life cycles that improve the economic,
social and environmental sustainability of organizations”. Ref [10] introduces this defini-
tion of CSCM by expanding the scope and focus of the definitions of closed-loop supply
chain management and sustainable supply chain management. The expansion of scope
by [10] is described by taking into account post-production stewardship, including goods
flow into alternative supply chains. This expansion introduces the reverse flow of goods in
another sector. However, this characteristic appears to have overlap with the concept of the
open-loop supply chain [7]. The expansion of focus by [10] is described by including value
creation from by-products and waste flows. However, this characteristic instead refers to
the concept of industrial symbiosis [26]. Moreover, the definition of [10] is criticized by its
overlap with the definition of sustainable supply chain management [5]. The definition
of [5] is “Circular supply chain management is the integration of circular thinking into the
management of the supply chain and its surrounding industrial and natural ecosystems. It
systematically restores technical materials and regenerates biological materials toward a
zero-waste vision through system-wide innovation in business models and supply chain
functions from product/service design to end-of-life and waste management, involving all
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stakeholders in a product/service lifecycle including parts/product manufacturers, service
providers, consumers, and users”. Ref [5] focuses in their definition on restorative and
regenerative cycles and zero-waste. Restorative and regenerative cycles are a key charac-
teristic of a circular economy [8,22]. However, for ‘zero-waste” an alternative description
is available which describes more accurately a key characteristic of the circular economy,
namely its focus on reducing, maintaining and recovering resources [8,22]. Furthermore,
the definition provided by [5] is extensive and contains elements of which it is unclear if
these represent the characteristics which make CSCM unique in relation to other supply
chain concepts (for example, ‘system-wide innovations” or ‘involving all stakeholders’).
If a supply chain focuses on reducing, maintaining and recovering resources without
system-wide innovations involving all stakeholders, then we would still consider this
to be CSCM based on its focus on circular strategies. Therefore, characteristics such as
‘system-wide innovations” and ‘involving all stakeholders” are not characteristics which
make CSCM unique in relation to other supply chain concepts. The definition of [7] is: “the
design and control of a network of organizations and end-users that strives for economic,
environmental and social benefits by reducing, maintaining and recovering resources” [7].
This definition includes the key characteristic of reducing, maintaining, and recovering
resources. Moreover, this definition contains a characteristic of CSCM which is also re-
flected in the definition of [5]. This characteristic is that CSCM does not only consist of
organizations (manufacturers, service providers) but also of end-users. However, the defi-
nition of [7] does not include the key characteristic of restorative and regenerative cycles.
Therefore, the definition of CSCM by [7] will be extended to include the key characteristic
of restorative and regenerative cycles.

The definition of CSCM used in the current paper is: the design and control of a
network of organizations and end-users that strives for economic, environmental, and
social benefits by reducing, maintaining, and recovering resources in restorative and
regenerative cycles.

Literature on CSCM often emphasizes the introduction of a return flow of goods.
However, this is not a unique characteristic of circular supply chains. After all, the re-
turn flow of goods is also part of an open-loop and a closed-loop supply chain [5,10].
A circular supply chain distinguishes itself from an open-loop and closed-loop supply
chain in that it takes into account the resources (materials, water, energy, land) it derives
from the Earth’s ecosystem and uses and maintains resources in the most efficient way
while simultaneously maximizing the availability of these resources for consumption [7].
According to the renowned SCOR-model, an open-loop and closed-loop supply chain
consists of the processes “plan, source, make, deliver, return and enable’ [1]. In addition
to these processes, the circular supply chain includes the processes “use’ (the use of the
product by the end-user) and ‘recover’ (reuse, remanufacturing, refurbishing, upcycling,
recycling and downcycling) [7].

CSCM strives for performance objectives on three distinct levels:

(1) The overall performance objective of the circular economy which is to decouple
economic growth from resource depletion [10,27,28];

(2) Performance objectives aimed at sustainable development which is to strive for
economic, environmental and social benefits in the supply chain [29];

(3) Performance objectives that characterize CSCM, which is to minimize the use of
materials, water and energy, minimize inventory, maximize the efficient use of supply
chain assets (trucks, warehouses, machines, equipment), minimize waste, maximize
the availability of the product, and maximize the number of recovery flows [7].

Interdependencies exist between performance objectives within a level as well as
between levels. More circularity does not necessarily lead to more sustainable develop-
ment [25,30].
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2.2. Performance Measurement Systems for Circular Supply Chain Management

A performance measurement system (PMS) is a set of measures used to quantify the
efficiency and effectiveness of actions [2,3,21,31]. A measure provides information of the
current state of performance of a supply chain. Moreover, a measure enables to compare
this current state with a desired state and supports the initiation of actions towards the
desired state of performance [2,3,31].

A PMS for CSCM should meet certain requirements to be effective, including;:

e  Multiple dimensions of performance. The PMS system should capture the perspectives
of multiple relevant stakeholders. Most common stakeholders of the circular supply
chain are: shareholders, suppliers, distributors, end-users, employees, and local
communities [1,2,6,7]. These stakeholders should be represented via a balanced
portfolio of different dimensions of performance, covering long-term and short-term
objectives [3,31]. In addition to the stakeholder’s perspective, different dimensions
of performance arise as a result of circularity as the operationalization of sustainable
development. Circularity as well as sustainable development each have their own
specific dimensions of performance. Circularity focuses on reducing, maintaining
and recovering resources (materials, water, energy). Sustainable development focuses
on the impact of these resources on profitability (economic performance), the Earth’s
ecosystem (environmental performance) and society (social performance). Circularity
does not necessarily lead to sustainable development [25,30,32,33];

e Limited range of measures. The PMS should contain only critical performance mea-
sures that represent key dimensions of performance [1-3,31]. Literature does not
provide a clearly substantiated standard for the desired number of measures. Ref [34]
suggest that the total number of measures should be between 10 and 20 in total. A
report by [35] describes that it is impossible to specify the number of measures. Their
experience suggests between 4 and 10 measures in total;

e  Vertical integration. The PMS should connect performance on different hierarchical
levels, namely strategic, tactical, operational [1]. This enables one to link strategy
to decision making at each level in the organization [32,36,37]. Multiple strategies
are relevant for circular supply chains (circular strategies as well as sustainable de-
velopment strategies [25,37,38]). Circular strategies focus on reducing, maintaining,
and recovering resources (materials, water, energy). Circular strategies are strategies
such as refuse, rethink, reduce, re-use, repair, refurbish, remanufacture, repurpose,
recycle, and recover [22,24]. Sustainable development strategies focus on economic,
environmental and social performance. Sustainable development strategies define the
priorities between these performance dimensions [37,39]. Furthermore, sustainable
development strategies define how supply chains create and maintain a competitive
advantage via strategies such as cost leadership, differentiation, and focus [38];

e Horizontal integration. The PMS should contain measures that are aligned along
processes [2,3,31,32,37]. The processes of the circular supply chain are: plan, source,
make, deliver, use, return, recover, and enable [7]. The measures should promote
practices for all processes which contribute in a consistent manner to the overall
strategy. Moreover, a circular supply chain implies that its performance is aligned
with the carrying capacity of the Earth’s ecosystem while maximizing the availability
of resources for consumption [7];

e Interdependencies. The PMS should recognize and allow for trade-offs and synergies
between different dimensions of performance. To enable this, the PMS should provide
insight in the interdependencies among measures [39]. In CSCM the number of inter-
dependencies increases. Interdependencies exist between circularity and sustainable
development and between economic, environmental and social performance within
sustainable development [5,7].
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2.3. Phases of Development of Performance Measurement Systems

The currently available PMSs for circular supply chains will be classified according to
the phases of development of PMSs. The development of a PMS follows four phases: (1)
design, (2) implementation, (3) use, and (4) review [36,40]. Each phase will be subsequently
described in detail.

Phase 1: Design

A PMS is in this phase of development when the key objectives to execute strategy
are identified and measures are described [36,40]. A PMS in this phase captures the
perspectives of multiple relevant stakeholders. Stakeholders are represented via a balanced
portfolio of different dimensions of performance and covering long-term and short-term
objectives [3,31,40].

Phase 2: Implementation

A PMS is in this phase of development when the data to measure the performance is
collected, sorted and analyzed on a regular basis through systems and procedures. The
results of the measurements are used to evaluate and improve the PMS [36,40]. The content,
frequency, and transparency of the results of measurement are in line with the needs of
multiple relevant stakeholders [40].

Phase 3: Use

A PMS is in this phase when it is capable of measuring the success of implemen-
tation of a strategy [36,40]. The PMS contains only critical measures that represent key
dimensions of performance. Moreover, The PMS connects performance on different hi-
erarchical levels which enables to link strategy to decision making at each level in the
organization [1-3,34,37].

Phase 4: Review

A PMS is in this phase when the PMS is used to challenge the assumptions and test
the validity of the strategy [36,40]. The PMS recognizes and allows for synergies and
trade-offs between different dimensions of performance. The PMS provides insight in the
interdependencies between measures [37,39].

3. Methods

The goal of the current paper is to describe the current state of development of PMSs
for CSCM. To accomplish this goal, a systematic literature review will be executed to
locate the currently available PMSs for CSCM. Subsequently, these PMSs will be classified
according to the phases of development of PMSs as described in the previous section. For
the systematic literature review the approach of [41] is used. This approach is common in
systematic literature reviews on CSCM [6,10,27]. This approach is conducted following five
phases: (1) question formulation, (2) locating studies, (3) study selection and evaluation,
(4) analysis and synthesis, and (5) reporting and using the results [41]. These phases are
described in more detail in this section.

3.1. Question Formulation

The research questions are formulated and motivated in Section 1.

3.2. Locating Studies

Papers on performance measurement systems for circular supply chain management
have been identified via a search in July 2021 in the Scopus and Web of Science databases.
The research question contains three key concepts which are “performance measurement
systems’, ‘circular” and ‘supply chain’. These key concepts serve as a basis to formulate
search strings. The search strings have been formulated to identify the widest possible
range of papers.

For the key concept ‘performance measurement system’ the search strings ‘perfor-
mance measurement’, ‘performance management’ and ‘indicator” has been formulated



Sustainability 2021, 13, 12082

7 of 18

to identify papers which contain the terms ‘performance measurement’, "performance
measurement system’, ‘performance management’, ‘performance management system’,
‘performance indicator” and ‘indicator’.

For the key concept ‘circular’ the search strings ‘circular” has been formulated to
identify papers which use the terms ‘circular economy’, ‘circular’, ‘circularity’. Moreover,
the search strings ‘resource efficiency’, ‘reuse’, ‘refurbishing’, ‘remanufacturing’ or ‘recy-
cling” have been formulated to identify papers which focus on resource efficiency and
circular strategies.

Furthermore, the search strings have been searched for in the title, abstract or key
words, again to identify the widest possible range of papers. The result of the search
string in the Scopus database was a set of 208 papers. The result of the search string
in the Web of Science database was a set of 121 papers. The total result was a set of
(208 + 121 =) 329 papers. 109 papers with double entries were removed, leading to a set
of (329 — 109 =) 220 papers. This set of 220 papers have been used in the subsequent step
of study selection and evaluation. The title and abstract of these papers have been read.
Papers have been selected based on the inclusion and exclusion criteria as presented in the
next section.

3.3. Study Selection and Evaluation

Table 2 presents the inclusion and exclusion criteria of papers for the literature review.
The right column describes the number of papers which have been excluded based on this
particular exclusion criterion.

Table 2. Exclusion and inclusion criteria for this literature review.

Number of
Criteria Inclusion Exclusion Articles
Excluded
Papers which focus on
Papers which present a PMS or a management practices,
Topic framework of measures for technologies or network 106
circular supply chains design related to circular
supply chains
Papers which focus on Papers which focus on
Focus performance measurement of performance measurement of 50
(parts of) the circular supply chain products or countries
Supply chains of services,
such as educational
Sector Supply chains of products ex:);r%’?sr,lllfs;(;isi;;?::};i?;y 24
chains, water treatment,
waste treatment
Type Papers, %%I;fﬁieﬁl:;tgffers and Proceedings of conferences 25
Total excluded 205
Total included 15

The first criterion for study selection is the topic of the papers. The motivation for
this criterion is that this literature review aims to provide an overview of the state of
development of currently available PMSs. Therefore, papers which present a PMS or a
framework of performance measures have been included. Various papers which focus on
circular economy in relation to management practices, business models or technologies
have been excluded. The second criterion for study selection is the focus of the papers.
The motivation for this criterion is that this literature review is focused on supply chains.
Therefore, papers which focus on supply chains have been included. No further selection
is applied regarding the number of parties in the supply chain. Papers which focus on the
supply chain of one company are selected, as well as papers which focus on a network



Sustainability 2021, 13, 12082

8 of 18

of companies. Information on the scope of performance measurement (company, supply
chain) is included in the results. Various papers present the performance of new products
or materials developed for the circular economy. These papers have been excluded from
the research. The third criterion for study selection is the sector. The motivation for this
criterion is that we decided to limit the current paper to supply chains of products. The
supply chains of products and the supply chains of services have different characteristics.
Therefore, their PMSs cannot be compared with each other. Various papers on the circular
performance of educational organizations, healthcare, events, and humanitarian supply
chains have been excluded. Finally, the fourth criterion for study selection is the type of
papers. All proceedings of conferences have been studied and did not contain valuable
information for this study. Therefore, these proceedings have been excluded.

In total, 205 papers have been excluded by study selection, from the total of 220 papers
which initially have been located. This has resulted in a set of 15 papers. A citation search
of these papers has identified three other papers relevant for the current paper: [11,42,43].
These papers have also been included for further analysis. In conclusion, this literature
review has located in total (15 + 3 =) 18 papers.

3.4. Analysis and Synthesis

For the analysis of the PMSs an analytical framework is developed in Section 2, the
theoretical background. The analytical framework consists of two pillars: the phases of
development of PMSs and the requirements for effective PMSs of CSCM.

Each PMS has been classified according to its phase of the development: (1) design,
(2) implementation, (3) use and (4) review. Since all PMSs are designed, all PMSs meet the
requirements of phase 1: Design. A PMS has been classified as phase 2: Implementation,
when a PMS is tested in practice and this test is described in one or more case studies. A
PMS has been classified as phase 3: Use, when the PMS is used to measure the success
of the implementation of a strategy. This requires that the PMS should have a vertical
hierarchy for economic, environmental, social and circular performance. This vertical
hierarchy enables one to link strategy to decision making on each level of the organization:
strategic, tactical, and operational. A PMS has been classified as phase 4: review, when the
PMS is used to challenge the assumptions and test the validity of the strategy.

The requirements for effective PMSs for CSCM are that a PMS should consist of multi-
ple dimensions of performance, a limited range of measures, horizontal integration, vertical
integration and interdependence between measures. For every PMS has been described
whether the PMS meets each specific requirement. This information then provides insight
into the effectiveness of each PMS for CSCM.

3.5. Reporting and Using the Results

When presenting descriptive results, particular attention is paid to the number of
publications per year, per journal, and per research method. However, literature on circular
supply chains is still in its infancy [5]. Therefore, presenting descriptive results seems to
provide little insight during this phase of theory development [44]. Therefore, reporting
the results has focused on presenting the thematic results. The thematic results reported
are selected based on their ability to provide insight in the current state of development
of PMSs for CSCM, which is the key research question of the current paper. Therefore,
the thematic results will focus on presenting the methodology and approaches used in
developing a PMS, their phase of development and their ability to meet the requirements
of effectiveness. These thematic results will be subsequently described in the next section.

4. Results

The results are subdivided into descriptive results (number of publications per year,
per journal and per research method), approach used in developing a PMS, phase of devel-
opment, and the ability of a PMS to meet the requirements for effective PMSs for CSCM.
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4.1. Descriptive Results

In total, eighteen PMSs for CSCM have been identified during this literature review.
These PMSs for CSCM have mainly been published in the past five years. Figure 1 presents
the number of publications per year.

2020

o = N
2011 n———
2015 —
2016

1999
2000
2008
2009

2001
2002
2003
2004
2005
2006
2007
2010
2012
2013
2014
2017
2018

Figure 1. Number of publications per year.

The publications are spread over a total of 12 different journals, as presented in
Figure 2 ‘Journal of Cleaner Production’ is the most represented with 5 publications, fol-
lowed by ‘International Journal of Productivity and Performance Management” and ‘Re-
sources, Conservation and Recycling” with 2 publications.

Supply Chain - 5
Management; 1 Benchmarking; 1 | | Business Strategy and
Resources, Conservation . the Environment; 1

and Recycling; 2 Desalination; 1
International Journal of
Resources: 1 Environmental Research
z and Public Health; 1
» < International Journal of

Procedia CIRP; 1 Production Research; 1

Omega (United
Kingdom); 1
International Journal of
Productivity and
Performance
Journal of Cleaner Management; 2

Production; 5

Figure 2. Number of publications per journal.

Nine of eighteen papers use a literature review as methodology [11,20,28,42,43,45-49].
This can be only a literature review or a literature review in combination with an expert
opinion or a case study. The literature review is then mostly used to select a number of
performance measures from the available literature. Based on expert opinion, a set of
relevant performance measures is selected. In a case study the relevance of this set of
performance measures is then tested in practice. An overview of the number of publications
per methodology used is presented in Figure 3.

4.2. Approach

There are two approaches in developing a PMS for CSCM: as a variant of an existing
PMS or as a stand-alone PMS. Five of eighteen papers develop a PMS for CSCM as a
variant of an existing PMS [45,48,50-52]. The existing PMS then provides various per-
formance dimensions. Per performance dimension, one or more performance measures
related to CSCM are developed. This leads to a set of performance measures. The existing
PMSs used are the balanced scorecard (BSC), ESSENZ, quality function deployment (QFD)
and the supply chain operations reference model (SCOR). Thirteen of eighteen papers
develop a stand-alone PMS [11,18,20,28,42,43,46,47,49,53-56]. These papers develop a
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PMS by selecting a set of measures based on their relevance for CSCM. Subsequently, the
performance measures from the set are interconnected. For the interconnection various
techniques are used, such as data envelopment analysis (DEA), weighted index, analytical
hierarchy process (AHP), input-output, grounded theory, systems theory, DEMATEL, and
system dynamics. These techniques interconnect the performance measures to arrive at a
single outcome regarding the performance of the circular supply chain. The interdepen-
dence between performance measures is indicated by different weighting indices or by
sensitivity analyses.

Conceptual
paper; 1
Survey; T

Simulation; 1 |

Literature review;
4

Case study; 5

Literature review
and expert
opinion; 5

Literature review
and case study; 1

Figure 3. Number of papers per methodology used for PMSs for CSCM.

4.3. Phase of Development

Twelve of eighteen PMSs for CSCM are in the design phase and still need to be tested
in practice. These PMS may be described in the selected papers, after which the PMS
will be tested and implemented in a subsequent paper. Therefore, follow-up research was
executed to determine whether there are papers that test the selected PMSs in practice, that
use the PMS to assess the implementation of their strategy, or that use the PMS to challenge
strategic assumption. The follow-up research indicated that these papers do not exist.

Four of eighteen PMSs are implemented, tested in practice and this test is described in
a case study [50,54-56]. Two of eighteen PMSs for CSCM are in use, meaning the PMS is
used to implement a strategy via a vertical hierarchy of economic, environmental, social
and circular performance [28,52]. None of the eighteen PMSs for CSCM are in the phase of
‘review’, in which the validity of the strategy is challenged and synergies and trade-offs
between performance measures is clarified. An overview of the number of publications
per phase of development is presented in Figure 4.

Use; 2

Implementation;
4

Design; 12

Figure 4. Phases of development of PMS for CSCM.
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4.4. Requirements for Effective PMSs of CSCM

To provide insight in the state of development of the PMSs of CSCM, it is subsequently
described to what extent each PMS meets the various requirements for effective PMSs. An
overview of the number of PMSs that meet a specific requirement is presented in Figure 5.

Multiple dimensions
18

16
14
12
10

8

Interdependencies Limited range

Horizontal integration Vertical integration

Figure 5. Number of PMSs which meet a specific requirement.

A requirement for effective PMSs is to include multiple dimensions of performance.
Circularity does not necessarily lead to sustainable development and sustainable devel-
opment consists of multiple performance dimensions. To support decision making, all
performance dimensions should be represented in a PMS for CSCM. Five of eighteen
PMSs include performance measures for all relevant dimensions: economic, environmental
and social performance and circularity [11,18,42,51,53]. Three of eighteen PMSs include
performance measures for economic, environmental and social performance and not for cir-
cularity [48,50,52]. Three of eighteen PMSs include performance measures for economic and
environmental performance and not for social performance and not for circularity [20,47,49].
Ref [55] focus on performance measures for environmental performance and circularity.
Finally, six PMSs focus exclusively on one performance dimension. This can be either
economic performance [45], environmental performance [56], or circularity [28,43,46,54].

A requirement for effective PMSs is to have a limited range of measures, more specific
between 4 to 20 in total. The number of measures ranges between 3 and 59, with an
average of 19 measures. Ten of the eighteen PMSs consist of between four to twenty
performance measures in total. The distribution of measures over the various dimensions
of performance has a large variation. In [42,53] the number of measures per dimension
is almost the same. In [18,51], the number of measures per dimension of performance is
much more unevenly distributed.

The overall overview of all PMSs for CSCM, their methodology, approach, and a
summary is presented in Table 3. Subsequently, the overview of their phase of development
and the extent to which PMSs for CSCM meet the requirements for effectiveness is presented
in Table 4.
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Table 3. PMSs for CSCM: methodology, approach, and summary.

Authors Year Methodology Based on Technique Summary
McIntyre et al. [56] 1998 Case study This paper describes a set of measures of environmental performance of the supply chain of
Xerox Ltd.
Literature review and . . .
Olugu et al. [49] 2011 expert opinion This paper develops a set of performance measures for the automobile green supply chain.
Cuthbertson and Piotrowicz [18] 2015 Survey This paper explores the perceived relative importance of sustainable supply chain measures.
Bach et al. [50] 2016 Case study ESSENZ Thls'pap?r develops a method.to measure resource efficiency of products, processes and
services in the context of sustainable development.
Haghighi et al. [48] 2016 Ie“;;eé?: gﬁ;?;rllew and BSC DEA This paper develops a framework for performance evaluation in sustainable supply chains.
Azevedo et al. [42] 2017 theraturg review and Weighted index This paper deyelops a Sustainable Cl.rcu.lar Index.whlch consists of a sustainability subindex
expert opinion and a circularity subindex. Both subindices consist of various separate measures.
Balfagih et al. [20] 2017 therature' review and Delphi and AHP This paper ('ievglops performar'lce measurement criteria and metrics to evaluate the efficiency
expert opinion of the desalination supply chain.
Butzer et al. [51] 2017 Conceptual paper BSC This paper .develops a performance measurement system to assess international reverse
supply chains.
Genovese et al. [55] 2017 Case study LCA/Input- This paper compares the performanc.e of a 11r.1ear supply chain with a circular supply chain
Output based on measures for carbon footprint, virgin resources used and waste recovered.
Brown and Bajada [43] 2018 Literature review This paper describes separate measures for circularity.
Jain et al. [46] 2018 Literature review Ground theory This paper describes a set of measures for achieving circular supply chain management.
. . This paper describes a set of main criteria for economic and environmental performance. The
Kazancoglu et al. [47] 2018 - Literature review Systems theory criteria are subdivided into sub criteria which are subdivided into several measures.
W et al. [52] 2018 Case study QFD AHP This paper develops a performance measurement system based on Quality
Function Deployment
Howard et al. [25] 2019 Literature review and This paper describes a set of circularity measures. The paper focuses on the topic of
case study regenerative loops.
Kravchenko et al. [11] 2019  Literature review This paper describes economic, environmental and social measures per circular
economy strategy.
Ansari et al. [45] 2020 therature. review and SCOR DEMATEL This paper 1dent1f}es and evaluates key performaITce indicators fgr all processes (plan,
expert opinion source, make, deliver, return) of the remanufacturing supply chain.
Beiler et al. [53] 2020 Simulation System. This paper analyzes the performance of a reverse supply chain of a Brazilian
dynamics beverage company.
Bracquené et al. [54] 2020 Case study Weighted index This paper develops a Product Circularity Indicator which takes into account the tightness of

material cycles and the use of recycled materials.
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Table 4. PMSs for CSCM: phase of development and requirements for effectiveness of PMSs for CSCM.

Authors Year Phase Multiple Dimensions #EC #EN #SO #CI Total Horizontal Integration Vertical Integration Interdependence  Forward/Reverse Chain
MclIntyre et al. [56] 1998 Implementation YES 0 3 0 0 3 YES NO NO Integrated
Olugu et al. [49] 2011 Design YES 6 6 0 4 16 YES NO NO Integrated
Cuthbertson and .

Piotrowicz [18] 2015 Design YES 9 6 9 3 27 NO NO NO Integrated
Bach et al. [50] 2016 Implementation YES 12 5 2 0 19 NO NO NO Integrated
Haghighi et al. [48] 2016 Design YES 5 3 4 0 12 NO NO NO Integrated
Azevedo et al. [42] 2017 Design YES 3 4 7 3 17 YES YES NO Integrated
Balfaqih et al. [20] 2017 Design YES 1 10 0 0 21 NO YES NO Forward
Butzer et al. [51] 2017 Design YES 10 1 3 2 16 NO NO NO Reverse
Genovese et al. [55] 2017 Implementation YES 0 1 0 2 3 NO NO NO Integrated
EZE’JZQ f‘g]' 2018 Design NO o 0o 0o 3 3 NO NO NO Integrated
Jain et al. [46] 2018 Design NO 0 0 0 16 16 YES NO NO Integrated
Kazancoglu etal. [47] 2018 Design YES 12 30 0 0 42 YES YES NO Integrated
Wu et al. [52] 2018 Use YES 19 20 20 0 59 NO YES NO Integrated
Howard et al. [28] 2019 Use NO 0 0 0 10 10 NO YES NO Integrated
Kravchenko etal. [11] 2019 Design YES 4 5 3 37 49 YES YES NO Integrated
Ansari et al. [45] 2020 Design NO 20 0 0 0 20 YES NO YES Integrated
Beiler et al. [53] 2020 Design YES 1 1 1 1 4 YES NO YES Reverse
Bracquené et al. [54] 2020 Implementation NO 0 0 0 14 14 NO NO NO Integrated

#EC, number of economic performance measures; #EN, number of environmental performance measures; #50, number of social performance measures; #CI, number of circularity measures.
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A requirement for effective PMSs for CSCM is to have horizontal integration to
align measures along processes of the circular supply chain. Ten of eighteen PMSs for
CSCM do not provide horizontal integration. Eight of eighteen PMSs for CSCM provide
horizontal integration along the forward and the reverse processes of the circular supply
chain: ‘source, make, deliver, use, return, and recover’ [11,42,45-47,49,53,56]. In these
PMSs, horizontal integration is provided by subdividing the supply chain into different
processes and subsequently developing different measures per process. None of the PMSs
includes the processes plan (=planning process) and enable (=the management process) in
their horizontal integration. Most PMSs for CSCM focus on maximizing the availability of
resources for consumption, usually with a measure for life time or quality of the product.
However, none of the PMSs for CSCM include a measure to assess if its performance is
aligned with the carrying capacity of the Earth’s ecosystem.

A requirement for effective PMSs is to recognize for interdependence between perfor-
mance measures. Sixteen of eighteen PMSs for CSCM do not provide any interdependence
between performance measures. Two of eighteen PMSs for CSCM recognize interdepen-
dencies between performance measures and provide insight in trade-offs and synergies.
Ref [45] develop a PMS based on SCOR using DEMATEL. Ref [53] develop a PMS of a re-
verse supply chain using system dynamics. Refs [42,47,54] develop an index which consists
of several subindices composed from different performance measures. In this approach,
the measures seem to be interdependent since they together form the outcome of the index.
However, interdependence as requirement of effective PMSs is not so much referring to
combining different measures into one index. Rather, it is referring to clarifying possible
trade-offs and synergies between economic, environmental, and social performance. An
index does not clarify the way that improving one measure might affect the performance
of another measure. Rather an index clarifies how improving one measure might affect the
outcome as represented by the index.

5. Discussion

The importance of PMSs in CSCM is widely recognized [5,7]. Eighteen PMSs for CSCM
have been developed in the past years. However, the overview in Section 4 indicates that
PMSs for CSCM are still in the initial stages of development. Most PMSs of CSCM-twelve
of in total eighteen—are designed but not tested in practice and not used to implement a
strategy. Testing the PMSs in practice, can provide valuable feedback on how the PMSs
works in practice. This information can then be used to further develop the PMSs to
meet the specific challenges in CSCM [7]. None of the PMSs of CSCM can used to clarify
synergies and trade-offs between performance measures.

The most commonly used methodology is a literature review, possibly in combination
with an expert opinion or a case study. The literature review is used to select performance
measures from available literature. This seems to be a necessary first step in developing
a PMS for CSCM. However, the phases of development indicate that subsequent steps
in the development of PMSs for CSCM is to implement and test PMSs in practice and to
challenge strategies by clarifying synergies and trade-offs. Other methodologies seem to be
more appropriate in these phases, such as case studies to test a PMS in practice or system
dynamics and DEMATEL to clarify synergies and trade-offs.

PMSs for CSCM can be developed as a variant of an existing PMS or as a stand-alone
PMS. In either way, it seems particularly important to clarify the relationships between the
various strategies (circular strategy and sustainable development strategy) and between the
various performance measures (economic, environmental, social performance measures).
Some PMSs for CSCM motivate that environmental and social performance supports
economic performance. In these PMSs, sustainability is focused on creating value for
shareholders and economic performance is the most important pillar of the triple bottom
line [39]. This is evident in a PMS, for example, when environmental performance is
measured as environmental costs and environmental revenues [47]. A topic for debate
is whether these PMSs actually strive to improve economic, environmental and social
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performance in parallel or that they only deploy environmental and social performance to
improve economic performance. Striving for the ‘triple bottom line” implies equity of short-
term and long-term objectives [42]. If measuring environmental costs and revenues might
lead to an undue focus on costs and benefits on the short term is a promising opportunity
for further research and development.

Currently two of eighteen PMSs of CSCM provide insight in the interdependencies
between circularity and sustainable development [45,53]. However, these PMSs do not
focus on all circular strategies and the entire circular supply chain. Ref [45] develop a
PMS of a reverse supply chain using system dynamics. Ref [53] develop a PMS of a
remanufacturing supply chain based on SCOR using DEMATEL. Techniques, such as
system dynamics and DEMATEL provide interesting opportunities to further research the
interdependencies between circularity and sustainable development.

A PMS which indicates interdependencies between circularity and sustainable devel-
opment would enable to identify synergetic effects and trade-offs between performance
objectives. Insights in synergetic effects are important. Synergetic effects enable supply
chains to determine which actions will improve economic, environmental, social and cir-
cular performance in parallel. These actions provide the most benefits compared to the
required efforts [9]. Insights in trade-offs are important. Trade-offs are a starting point for
disruptive innovation towards the improvement of circular, economic, environmental and
social performance in parallel [13,14]. Therefore, a PMS which indicates interdependen-
cies between performance measures would provide a promising opportunity for further
research and development.

Restorative and regenerative cycles are a key aspect of CSCM [5,7]. Some PMSs for
CSCM focus exclusively on regenerative cycles [20,28]. Most PMSs for CSCM do not
explicitly define its focus. Restorative and regenerative cycles seem to have different
characteristics, different barriers, and opportunities. Developing distinct PMSs for CSCM
for restorative and regenerative cycles seem to be the direction for further research.

Several PMSs have an imbalance in the number of measures per economic, environ-
mental, social, and circularity performance [28,43,46,47,54]. For some PMSs the number of
performance measures for circularity is much higher than for economic, environmental,
and social performance [28,43,46,54]. Other PMSs include performance measures for eco-
nomic and environmental performance and exclude social performance and circularity [47].
Future PMSs would benefit from a balanced composition of performance measures. This
balanced composition should include economic, environmental, social, and circular per-
formance and a clarification of the role of circularity towards sustainable development.
Social performance measures have been under-represented in performance measurement
of sustainable supply chain management [14]. The current paper indicates that social
performance is also under-represented in performance measurement for CSCM. This does
not seem to support balanced decision making. Integrating a set of social performance
measures is therefore a promising opportunity for further development of PMSs for CSCM.

Various authors connect waste to environmental performance [42,47]. Others connect
waste to circular performance [43,54]. This indicates that the distinction between sustain-
ability and circularity in supply chains is still unclear and requires clarification. The choice
for appropriate performance measures plays a key role in the effective use of a PMS for
CSCM. Therefore, a promising opportunity for further research is to develop performance
measures which enable a clear distinction between sustainability and circularity.

Furthermore, it has been found that the effectiveness of performance measures could
be better substantiated during the development of PMSs for CSCM. The effectiveness
of performance measures depends on requirements such as its validity and robustness,
whether users can influence or control its outcome, its ability to benchmark and provide
fast feedback to stimulate learning and continuous improvement. These requirements are
underexposed in the PMSs for CSCM. This puts into question the usability of the PMSs
in practice.
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6. Conclusions

The current paper aims to give an overview of the currently available PMSs for CSCM,
information concerning their state of development, and to provide suggestions for their
further development.

The scientific value of the current paper is that the state of development of PMSs has
been assessed based on the requirement of effective PMSs. Per PMS is indicated which
requirements of effectiveness it meets. This creates a detailed insight in the quality of the
currently available PMSs for CSCM. Moreover, it provides detailed suggestions on which
requirements are still not met and should be developed in future PMSs for CSCM.

A key requirement for effective PMSs not met by the currently available PMSs for
CSCM is to recognize interdependencies between performance measures. The PMSs for
CSCM which recognizes interdependence are based on a reverse supply chain [53] or
only considers remanufacturing as circular strategy [45]. Recognizing interdependence
leads to complex decision making and the need amongst managers for PMSs which can
support complex decision making. To date, there is no PMS for CSCM available which
recognizes these multiple interdependencies. Development of a PMS which recognize
interdependence between performance measures would certainly be valuable. This PMS
can support managers in complex decision making in CSCM.

Moreover, the development of a PMS which recognizes interdependencies is a valuable
addition to existing collection of PMSs for another reason. With insight in the tensions
between dimensions of performance, existing assumptions can be challenged. Tensions are
an important starting point for disruptive innovation which opens ways to performance
improvement on multiple dimensions of performance in parallel [13]. A PMS which
provides insight in tensions between dimensions of performance is a valuable feature of
PMSs for CSCM.

Finally, a contribution of the current paper is that it provides requirements for effective
PMSs as a starting point for future developers of PMSs. The requirements that result
from PMS literature appear to be a sound framework to assess quality of PMSs. Future
developers of PMSs could use this framework to assess their own design during the
development phase.
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