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Abstract: The circular economy is a central and increasingly important topic within managerial
and academic discourse. Although the circular economy could bring benefits to their performance,
manufacturing firms still struggle with its adoption. As an effective adoption should pass for
adequate performance measurement, the present study performs a systematic literature review to
deepen the knowledge of circular economy performance-measurement systems for manufacturing
firms, both from a general perspective and to provide specific insights for small-medium enterprises
and new adopters. The results show the lack of an integrated, holistic, and scalable framework for
measuring circular economy performance, and only a few and dispersed specific indications for small—-
medium enterprises and new adopters. Shortcomings of the extant literature are identified in terms
of integration of the circular economy’s level, theoretical development and empirical application,
characteristics of the indicators proposed, considerations of sustainability, holistic perspectives on
industrial systems, and scalability to adapt to firms” different characteristics. The study paves the
way for further research while offering theoretical and practical implications.

Keywords: circular economy; performance indicators; small and medium enterprises; new adopters;
manufacturing sector; systematic literature review

1. Introduction

The concept of a circular economy (CE) emerged in the 1990s, as the link between
environmental preservation and industry’s economic performance [1]. Nonetheless, only
recently has the CE paradigm gained adequate significance [2], as the manufacturing
sector perceived the need to reduce resource depletion, minimize waste, and lower its
environmental impact [3,4]. According to Kirchherr et al.’s definition [2], CE can be
applied at three different levels, namely the micro (single firm, from a single product to
the advertisement), the meso (industrial systems and networks), and the macro (society
or Country) level, and it entails the inclusion of the waste hierarchy (prevention, reduce,
reuse, recycle, recovery, disposal). Additionally, CE is strongly linked with sustainability,
and it is necessary to properly understand their relationship for a complete overview of CE
as a concept [5,6].

Manufacturing firms can significantly benefit from the CE paradigm, both in terms
of environmental preservation and economic gains [7,8]. Nonetheless, firms still struggle
with the adoption of the CE paradigm and its related practices and interventions [9]. The
measurement of performance is paramount to track progress and foster the implementation
of the CE paradigm [10,11]. From this standpoint, the literature proposed several different
frameworks and methodologies to measure CE-related performance [4]; the methods em-
ployed are rather varied, such that additional work to combine them has been called out
for [12]. The extant efforts also differ in terms of context investigated, such as sector [13]
or geographical area [14,15], or in terms of levels of application [16,17]. Although such
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diversity allows for a tailored performance measurement, it might (i) undermine interoper-
ability; (ii) not be appropriate to support firms toward their incremental adoption of the
CE paradigm; and (iii) restrict benchmarking activity [18]. From this perspective, it would
be of great interest to synthesize and organize the ideas and contributions towards the
measurement of CE-related performance in manufacturing firms [12], and, particularly,
towards the features that an effective performance-measurement system should have [18].
The first question the present study aims at answering is:

RQ1. How can CE performance be measured in manufacturing firms?

The proper adoption of a specific performance-measurement system could nonetheless
clash with some firms’ characteristics. For example, the lack of resources and a blurred strat-
egy might exert a negative influence on the development of a performance-measurement
system [19]; resource and capability constraints, as well as the lack of operative instruments,
could negatively impact the process of reporting [20]; besides limited resources, differences
among firms depend also on strategy design and organizational setting [21], while the
level of awareness results as fundamental for the diffusion of new concepts and paradigms
within a firm [22,23]. The abovementioned characteristics distinguish firms to a different
extent, but apply particularly to two types of firms: small-medium enterprises (SMEs) and
the new adopters (NAs). SMEs refer to firms with less than 250 employees and an annual
turnover not exceeding 50 million € [24]. Despite their prominent role, in the European
context, in terms of economic, social, and environmental impacts [25,26], SMEs often lack
appropriate know-how, resources, and support [27]. SMEs are usually resource-constrained,
in terms of time, staff, and economic resources, compared to larger firms [26]. SMEs are also
generally less prone than large enterprises (LEs) to undertake transformational changes [28]
and appear limitedly conscious of their impact on the environment and society [29]. Their
size could be, at first glance, considered a proxy of their competencies [30], although this
might not always be the case [31]. CE adopters can be defined as firms born in a linear
economy, making efforts to implement CE in their existing business models [32]. NAs
can be defined as firms at the first stages of the circular transition [33,34] and at the initial
stage of the adoption process [35]. NAs can face specific problems in relation to aspects of
strategy, organizational structure, and performance management [21]. They might require
additional support during the adoption process, as they may not be able to develop the
required know-how [4,36]. Despite the relevance of the CE in the current debate, still, a
large share of firms can be considered NAs, as the adoption of the CE paradigm occurs
slowly Table 1 distinguishes SMEs and NAs according to four characteristics that emerged
as pivotal from the above discussion, namely resource constraints, awareness, competences,
and maturity level. Each of these characteristics might apply in different ways and to
different extents to SMEs and N As. As it can be inferred from Table 1, a firm could be both
an SME and an NA; nonetheless, also LEs can be included within NAs, while native firms,
i.e., firms founded on CE principles, might include SMEs [32].

Table 1. Categorization of SMEs and NAs according to pivotal characteristics. The table categorizes SMEs and NAs according
to four characteristics that emerged as pivotal from the literature, namely resource constraints, awareness, competences and

maturity level. The @ indicates that the feature is recognized as a main characteristic for the specific types of firm; the
indicates that the characteristic could or could not apply for the specific firms. Supporting references are provided.

Characteristics SMEs NAs Supporting References
Resources constraints. Availability of resources ) [37,38]
as time, staff, and economic resources !
Awareness. Awareness over a specific aspect of [35,39-41]
interest and over the firm’s impact on it !
Competence. Adequate competences to tackle
the specific aspect of interest © [30-32,351
Maturity Level. Maturity level in terms of o [27,32,35]

transition towards the specific aspect of interest
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Such a categorization is relevant for properly understanding the needs of the different
types of firms, and, as for the measurement of performance, reasoning on their specific
characteristics [42,43]. An effective performance-measurement system should indeed allow
for both a general and a tailored application, having flexibility as one of its main features, so
as to adapt to a firm’s continuous and dynamic evolution [18]. Despite its relevance, such an
approach is still missing in the extant literature [44,45]. Focusing on SMEs and NAs, some
contributions attempted to study CE implementation in SMEs [5], but evidence is scant and
there is no indication of such effort for NAs. On the other hand, methods not specifically
addressing SMEs or NAs might result in being too burdensome or difficult to adopt [42].
From this stand point, considering how CE performance can be measured in manufacturing
firms, it is pivotal to understand the implications of the different characteristics of SMEs
and NAs on the development of effective performance-measurement systems. Thus, the
second question this study aims to answer is:

RQ2. What are the related implications for SMEs and NAs?

Leveraging the above and considering the specific targets of synthetizing and organiz-
ing the previous knowledge, the present study conducts a systematic literature review to
answer the two research questions. The present study will address the measurement of
CE performance from the perspective of the characteristics that an effective performance-
measurement system should have, from a general viewpoint and particularly for being
adequate and appropriate for application in SMEs and NAs.

The remainder of this paper is structured as follows. A detailed description of the
systematic literature review methodology is provided by clearly outlining the followed
steps (Section 2). After a descriptive analysis and evaluation of emerging themes (Section 3),
the areas for which additional research is necessary are identified (Section 4). Finally
(Section 5), pivotal implications of the study and possible further research are outlined.

2. Methodology

This study adopts a systematic literature review approach, identifying the contribu-
tions provided by the extant literature and possible emerging paths for future research [46].
The review is based on the procedure suggested by Howard et al. [47] and Tranfield and
Denyer [48], adopting the following steps: (1) question formulation; (2) source identifi-
cation; (3) study selection and evaluation; (4) analysis and synthesis; (5) reporting and
using results.

2.1. Question Formulation

The objective of the review is to analyze in a comprehensive and informative man-
ner the research questions illustrated in the previous section. According to the CIMO
logic [49], we want to identify, considering manufacturing firms (context), frameworks
and assessment methods (intervention) allowing the evaluation (mechanism) of CE-related
performance (outcome).

2.2. Source Identification

A keywords-based search of the Scopus database was performed [50,51]. The search
was performed on 4 May 2021 and updated on 2 July 2021. As per this study’s goal,
the keywords selected relate to performance measurement (indicator, KPI, performance,
metric) or assessment procedure (assessment, measurement, analysis, evaluation), and
terms related to the topic (circular economy, circularity). The selection of the keywords was
based on previous publications, so as to ensure that the selected keywords were complete
and appropriate for the scope of the present work: see [42,52] for keywords related to
performance measurement and the assessment procedure; and [52-54] for keywords related
to CE.

As for exclusion criteria, the analysis was limited to contributions published in English
from the year 2000 onwards, while subject areas out of this study’s interest, like medicine,
the arts, and immunology were excluded. The procedure is reported in Table 2. A total of
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5820 contributions were retrieved. The set was purged, eliminating 66 contributions for
which relevant and necessary information was not provided (no author/title information),
obtaining a set of 5754 contributions considered for source selection.

Table 2. Query used for the source identification.

Criteria Selection for the Literature Review

N Subject Areas
Keywords Language Publication Year Excluded
TITLE-ABS-KEY
(“circular economy” OR
circularity) . . .
AND TITLE-ABS-KEY MEDI; PHYS; AGR;
(indicator OR KPI OR English >1999 EART, ARTS; NEUR;
e = OR et nEHs PSYC; PHAR; IMMU;
perormance Lo Fec NURS; DENT; VETE
OR assessment OR

measurement OR
analysis OR evaluation)

2.3. Source Selection and Evaluation

The selection of the contribution was performed based on the PRISMA methodology,
which was deployed in the screening, eligibility, and inclusion phases. Each phase was
conducted independently by each author and followed by a discussion within the research
group, leading to a common decision on the inclusion or exclusion of a contribution,
ensuring internal validity [46]. Additionally, no specific setting was addressed during the
literature search and review other than the industrial context, strengthening the external
validity [55]. The steps followed and assumptions made were explicit, so as to reduce bias.
The PRISMA diagram, reported in Figure 1, shows the details for each phase.

The screening of the contributions was performed in two steps [56]. The first step
employed a “title analysis”. For the analysis, a manual coding was performed, wherein
suggestions were made regarding the exclusion of contributions not considered relevant for
the present work, or addressing a broader perspective on CE, such as the region or country
level. As a result of the title analysis, 5573 contributions were excluded, while 181 con-
tributions were considered eligible for an abstract analysis. The second step consisted of
this “abstract analysis”; here, 87 contributions were excluded and 94 were identified as
suitable for undergoing the eligibility phase. The evaluation of the contributions’ eligibility
was based on a “full-text analysis”. From this, 20 contributions were discharged, mainly
because they were not proposing indicators for measuring CE or had a high-level scope.
Finally, 74 contributions were deemed as relevant for our analysis and thus included in the
final set.
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Screening

Eligibility

Included

Missing Information
No Authors/ Title information

Not relevant - Abstract analysis
CE Broad scope related (n=18)
Region - Country (n=18)

CE related — Out of Scope (n=59)
CE Barriers (n=1); No indicators
(n=58)

Environment related (n=1)
Environment (n=1)

Finance related (n=1

Production System (n=4)

Practices (n=1)

Sustainability (n=3)

Resources related (n=2

Waste (n=2)

Other (n=2

Conference Paper developed in
Full Paper (n=2)

Query
(SCOPUS)

Records
(n = 5820)

A

v

Records

(n = 5754)

screened
Title Analysis

Excluded

v

Records screened
Abstract Analysis

(n=181)

A

y

Records screened
Full Text Analysis

(n=94)

4

74

Not relevant - Title Analysis

Agriculture related (n=159

Agriculture (n=72); Farm (n=16); Food (n=71)

CE Broad scope related (n=261

City (n=55); Province (n=24); Region - Country (n=114);
Urban (n=68)

CE related — Out of Scope (n=256

CE Drivers (n=16); CE Barriers (n=21); No indicators
(n=219)

Construction/Building related (n=249)

Architecture (n=6); Building (n=86);
Cement/Construction (n=157)

Digital Technologies - Information related (n=254)
Algorithm (n=43); Al (n=3); Big data (n=6); Digital (n=43);
ICT (n=4); Information (n=19); 10T/4.0 (n=57); Neural
Network (n=15); Robot (n=15); Smartphone (n=7);
Technology (n=42)

Ecosystem (n=82

Animal (n=7); Bioeconomy (n=38); Fish (n=11); Forest
(n=10); Marine/Sea (n=13); Microalga (n=3)

Enerqy related (n=477,

Batteries (n=41); Biogas/biofuel (n=38); Biorefinery
(n=23); Carbon (n=56); Coal (n=29); Electric (n=54);
Energy (n=98); Fuel (n=23); Hydrothermal (n=11);
Nuclear (n=3); Oil (n=21); Petrochemical (n=3);
Photovoltaic (n=17); Power (n=38); Thermal (n=14); Wind
(n=8)

Environment related (n=437)

Closed-loop (n=39); Eco-design (n=23); Ecology (n=26);
Emissions/GHG (n=18); Environment (n=44); Exergy
(n=2); Green (n=29); LCA (n=102); Low-carbon (n=6);
Pollution (n=10); Recycling (n=105); Remanufacturing
(n=33)

Finance related (n=16,

Not relevant — Full Text Analysis
CE Broad scope related (n=6)
Region — Country (n=6)

CE related — Out of Scope (n=11)
No indicators (n=11)

Resources related (n=2

Waste (n=2)
Social Science related (n = 1
Social (n=1)

Geometrical measurement related (n=178

Circularity precision (n=56); Error (n=14); Geometry
(n=21); Measurement (n=17); Signal (n=70)
Manufacturing related (n=112)

Drilling (n=107); Grinding (n=5)

Medicine related (n = 123,

Acoustic (n=3); Brain (n=2); Cancer (n=23); COVID-19
(n=11); Disease (n= 2); Eye (n=6); Medical (n=63); Radio-
logy/therapy (n=10); Sanitary (n=3)

Miscellaneous (n=700

Policy related (n=49;

Product related (n=69

Packaging (n=20); Product responsibility (n=8); PSS
(n=31); Service (n=10)

Production System (n=392)

Clean production (n=7); Industrial parks (n=42); Industrial
Symbiosis (n=60); Inventory (n=6); Logistic (n=26);
Maintenance (n=1); Practices (n=43); Productivity (n=7);
Sustainability (n=147); Supply chain (n=53)

Resources related (n=1579)

Aluminium (n=13); Biomass (n=39); Clay (n=4); Copper
(n=23); Landfill (n=12); Lithium (n=22); Material (n=174);
Metal (n=47); Mineral (n=20); Mining (n=44); Plastic
(n=60); Phosphorous (n=29); Polymers (n=63);
Rock/Stone (n=9); Sludge/Sewage (n=58); Steel (n=45);
Waste (n=728); Water (n=189)

Science related (n=155

Consumer (n=61); Education (n=31); Household (n=17);
Residential (n=6); Social (n=27); University (n=13)
Working Environment related (n=24)

Lighting (n=16); OHS (n=5); Noise (n=3)

Other (n=1

No English (n=1)

Figure 1. Details of the PRISMA procedure’s phases.
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For the evaluation phase, the retrieved contributions were classified according to the
selected critical dimensions of analysis, appropriate to the scope of the review. A content
analysis for a qualitative material evaluation was performed [57]. The contributions were
divided into literature reviews and original studies. As for literature reviews, the following
were highlighted: general information (authors, date, journal) and characteristics of the
review (focus; timespan; database; number of papers included). The axes of analysis for
literature reviews were selected so to better understand the focus of the selected contribu-
tions and identify areas that still need to be addressed with regards to the aim of the present
work [43]. concerning original studies, the following were pinpointed: general information
(authors, date, journal); theoretical development (context of development; methodology);
indicators (number; categorization; sustainability pillars; prioritization; index); empirical
application (context of application; methodology; sample/set). the axes of analysis for
original studies were selected to (i) characterize the performance-measurement systems
according to features that emerged as interesting from the literature [43,58]; (ii) understand
the context of development and application of the frameworks [59,60].

The screening of the contributions and the content analysis were performed indepen-
dently by three researchers (three of the four authors of the present paper). At every step,
individual results were discussed, and a common result was defined and agreed upon. The
results of the evaluation phase are presented and commented on in the next section.

2.4. Data Analysis

The data analysis was performed capturing relevant information through a critical
investigation of the retrieved contributions [61], with a twofold perspective: (i) a descriptive
evaluation, identifying quantitative trends, and (ii) a review of content in terms of emerging
themes for the qualitative evaluation of research outcomes, identifying areas for which
additional research is necessary:.

3. Findings: Descriptive Evaluation and Emerging Themes

The section presents a descriptive evaluation and a discussion of emerging themes.
The argument is divided between literature reviews and original research, and organized
according to the axes of analysis introduced in Section 2.3.

3.1. Literature Reviews

The 13 retrieved reviews are recent and published after the year 2017. Most of them
(n = 8) are published in the Journal of Cleaner Production; the others on Sustainability
(Switzerland) (n = 2), Sustainable Production and Consumption (n = 2), and Resources,
Conservation and Recycling (n = 1); therefore, the topic is addressed predominantly
by journals combining environmental and managerial subject areas. Only one review
explores methodologies the others analyze assessment frameworks for the micro level,
either individually (n = 7), or combined with the meso and macro levels (1 = 5).

Generally speaking, the literature reviews do not explicitly distinguish among the
resource, material, product or firm levels of investigation [62]. The contributions still
appear focused on the process or product level, and the possible actions integrated into
industrial operations that can be undertaken at an industrial-plant level [63,64] are not
considered. Such a perspective could limit the potential of interventions, as many practices
for enhanced CE go beyond the boundaries of production processes [5]. Additionally, the
literature reviews address the measurement of performance from a general perspective.
Only Lindgreen et al. [51] provide insights for SMEs, while no implications for NAs
were investigated. Considering our research questions, a further step in the current
literature appears necessary, focusing attention on the measurement of CE performance in
manufacturing firms, with a focus on specific implications for SMEs and NAs.

The overall evaluation of the reviewed Literature Reviews s reported in Table 3.
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Table 3. Source Evaluation—Literature Reviews. The table reports general information of the considered literature reviews

and provide insights on the characteristics of the review in terms of years, database and number of contributions considered,

the circular economy level addressed, and the specific focus on SMEs and NAs.

Ref Journal Years Databases Num. of Level Focus on
’ Considered Considered Contributions Considered SMEs/NAs
[65] Susctzﬁls'ui?d' 2013-2020 Scopus 58 micro; nano. no
[58] J. Clean. Prod 2000-2019 Scopus, WoS 61 TIICTO; MESo; no
macro
[45] Sustain. Prod. 2010-2019 Scopus, Google 135 micro; meso; no
Consum Scholar macro
Springer; micro: meso:
[66] Sustainability 2009-2019 Scopus; MDPI, 60 Cm‘; . 507 no
Whiley cro
[67] J. Clean. Prod 2007-2015 Scopus, WoS 107 micro no
L micro (firm; insights for
[51] Sustainability 2007-2019 Scopus 74 product) SMEs
[44] J. Clean. Prod 2006-2019 Scopus, WoS 31 micro no
[68] Resour. 2008-2018 WoS 72 FHCro; TEsor no
Conserv. Recycl macro
[62] J. Clean. Prod n.a Scopu.s, Web of 52 TICro; no
Science manufacturing
[34] J. Clean. Prod 2010-2018 Academic; 49 micro no
Non-academic
. Clean. Pro — copus methodolo no
[69] J. Clean. Prod 2009-2018 Scop 45 hodology
[1] J. Clean. Prod 2004-2017 Scopus 601 TINCTO; MESo; no
macro
[70] J. Clean. Prod 2003-2017 Scopus, Google 41 micro (reuse; no
Scholar recycle)

3.2. Original Studies

3.2.1. General Information

The temporal distribution of original studies (Figure 2) allows identifying two agglom-

erations. The first (n = 13) consists of contributions published before 2015, and it is related
to the Chinese context, due to China’s early focus on CE [71]. The second (n = 48) starts
from the year 2015 and mirrors the increasing interest of Europe [72].

The reviewed contributions were published in both peer-reviewed journals (n = 48)

and conference proceedings (n = 13). Focusing on the former set, the most represented
journals are Journal of Cleaner Production (n = 14), Resources, Conservation and Recycling
(n = 6) and Sustainability (Switzerland) (n = 5). Considering the subject area(s) of these
journals (Figure 3), the topic is mainly considered from an environment and management
related perspectives (1 = 25).
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Figure 3. Original studies by area of journal.

3.2.2. Circular Economy Level

Despite all the reviewed contributions are focusing on issues of interest to the in-
dustrial decision-maker (IDM), they take different perspectives. The majority address
frameworks at the single-product (n = 21) or the materials-and-resources level (1 = 6), some
consider the firm level (1 = 19), others consider a system perspective (n = 8), while only a
few studies (n = 6) analyze different levels simultaneously.

Micro Level. At the micro level, the largest share of the reviewed contributions focuses
on a resource, material, or product level. Several methodologies for measuring the CE
performance of products are proposed, and a common approach is not yet established.
Besides proposing different approaches, the reviewed contributions also present diverse
foci. For example, Di Maio et al. [73] and Linder et al. [74] developed indicators based
on product economic and market value; Figge et al. [75] proposed longevity indicators to
consider the closed loops of products; others focus only on one phase of the life cycle, such
as reparability [76], recycling [77], or end-of-life [78,79].

Within the micro level, models addressing a product’s circularity are largely diffused,
but might present drawbacks for the measurement of the overall firm performance on
CE, as it is not clear how to scale them up at the firm level. From this standing, their use
for supporting the enhancement of firms’ CE performance might be limited. A possible
solution could be applying product-level indicators to all products manufactured by
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a firm, assigning weights based on quantities [80]. As a drawback, such a procedure
would require a considerable amount of information for firms producing several different
products, as it typically happens in manufacturing firms; besides, the procedure would be
time-consuming, requiring high levels of awareness and competency [51]. Bearing that in
mind, such a solution for the evaluation of a firm’s performance would not be suitable for
resource-constrained firms or for firms at the beginning of their CE transition [19,20]. It
would be too burdensome, with the possible pitfall of discouraging firms or not providing
proper support during their transition. Moreover, the scale-up process might not include
plant-level practices [63], which represents a further limitation.

The reviewed contributions also propose methods to gauge the CE performance of
the entire firm. For example, Koksharov et al. [81] propose the use of indicators” values
trends, over time, as a proxy of circularity development; Garza-Reyes et al. [4] assess
firm’s circularity with a qualitative questionnaire based on the practices implemented;
Rincon-Moreno et al. [82] adapted the indicators, already present at the macro level, at
the micro level, also leveraging interviews with IDMs; Rossi et al. [13] link indicators with
levels of applicability and usefulness in reaching desired performance, guiding firms along
the implementation of a measurement system, and facilitating the CE transition. A limited
number of contributions focusing on a firm'’s level address specific firms’ sizes. Four contri-
butions focus on LEs; for example, Rossi et al. [13] state that frameworks should employ an
industrial-systems perspective and include multi-dimensional indicators; Yadav et al. [15]
propose a framework that includes advanced indicators, such as managerial, organiza-
tional and policy indicators. Three contributions focus on SMEs, among them Aravossis
et al. [83] underline the need for tailoring tools to the requirements of SMEs in terms of
efficiency; Garza-Reyes et al. [4] propose a toolkit for SMEs with nine progressive levels of
circularity. The literature stressed how the systems developed for LEs might not be suitable
for SMEs [18,20], as LEs are supposed to have more resources available. Nonetheless, the
literature also showed that LEs do not necessarily imply implementing more advanced
practices and tools [31].

Integration of Levels. Competitiveness is increasingly played among industrial systems—as
supply chains, industrial parks or industrial districts [18,84], rather than single firms [85,36].
Systems are pivotal for enhancing CE [2], so that a single firm’s performance should
be considered within the broader system in which it operates [4,43]. In the reviewed
contributions, the micro and meso levels are separated, without an integrated micro-meso
perspective. Mostly, the focus is generically only on meso level [87,88] supply networks [89],
supply chains [90,91], and industrial parks [92]. Only Parchomenko et al. [93] consider both
the micro and meso levels, but include the macro one, too. An integrated framework for
the evaluation of performance that considers the micro level while also providing insights
for the meso level would be of particular interest [6,45,90], but it has not been properly
addressed thus far. Such a framework would help firms appropriately allocating their
resources to prioritize those systems addressing performance on two levels, and thus is
expected to outperform the single-perspective solutions. Such a characteristic would be
of great support for resource-constrained firms [4], as it would allow having a single and
straightforward system, rather than several with excessively detailed information. At
the same time, it could also be of relevance for firms with a low level of competence and
maturity, as the system would allow the focus on those interventions and actions able
to foster the enhancement of their transitions from a multi-level perspective, eventually
maximizing outcomes. The overall evaluation of the reviewed original studies, with respect
to the circular-economy level considered, is reported in Table 4.
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Table 4. Source Evaluation—Original Studies (CE Level and Theoretical Development). The table
reports general information of the considered contributions and provides insights on: the circular
economy level addressed; the theoretical development of the proposed framework in terms of context
and methodology (AHP: analytic hierarchy process; BSC: balanced scorecard; CBA: cost-benefit
analysis; EDIT: eco-innovation development and implementation tool; EF: ecological footprint;
ETV: environmental technology verification; GMA: general morphological analysis; LCA: life-cycle
assessment; LR: literature review; MCA: multiple correspondence analysis; MF: material flow; V:
value-based; WIO: waste input-output; TOPSIS: technique for order preference by similarity to
ideal solution).

CE Level Theoretical Development
Context of Development
Ref. Level (Sector; Size; Area; Il’)rocess) Methodology
. LR; experts; GMA; AHP;

[94] micro - P TOPSIS

[95] firm - LR

[17] material - LR

[82] firm - LR

[96] product - LR

[97] product - LR; LCA

. LR; experts” opinions; case

[98] product plastic studies

[99] product manufacturing LR; experts’ opinions
[13] firm electronic, textile, plastic 1nterv1ewsérs(1)111;;eys, Focus
[14] firm Europe LR; experts” opinions
[15] firm emerging economies Lﬁ{ ti)r(\lz)iirSS;oS}E?;Z;S,
[100] product pharmaceutical LR; MF

[79] product end of life LR

[83] firm—SME SMEs LR; LCA; MF
[101] product - LR
[102] firm pulp and paper LR

[4] firm—SMEs manufacturing; SMEs LR; MF

[78] product tires production; end of life LR
[103] micro LR; LCA

[54] firm LEs LR; MCA
[104] product plastic (waste) LR; experts” opinions
[81] firm - LR; LCA

[16] micro & macro - LR; experts’ opinions
[105] product - CBA; LCA

[93] micro, meso, macro - LR
[106] firm food LR; EDIT; experts” opinions
[89] supply network - LR
[107] product food LR

[75] resource - LR; LCA

[77] product recycling LR; MF

[90] supply chain - LCA

. LR; companies’ reports;

[91] supply chain - interviews
[108] product - MF; LCA; British standard
[109] micro LR; MF
[110] product LR; LCA; MF; ETV
[111] product - LCA
[112] firm manufacturing LR

[88] meso - LR; survey
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Table 4. Cont.

CE Level Theoretical Development
Context of Development

Ref. Level (Sector; Size; Area; Ir’)rocess) Methodology

[53] product manufacturing LR; V

[73] resource - LR

[113] product - \Y

[74] product - LR

[114] product - LR; BSC

[31] firm biotech and pharmaceutical LR

[76] product repairing LR; experts’ opinions

[115] material - LR; LCA; simulation

[116] product vehicles end of life MEF; V

[117] firm metallurgy LR; companies’ reports;
survey

[118] material - LR

[119] firm manufacturing LR

[87] meso - LR; LCA

[120] firm manufacturing LR; MF

[121] meso and macro - LR

[122] firm - LR

[123] meso - LR

[124] firm chemical LR; WIO

[92] industrial parks - Chinese regulations

[125] firm manufacturing LR; Chinese regulations

[126] firm manufacturing LR

[127] supply chain - LR; MF; EF

[128] firm energy-intensive sectors LR

3.2.3. Theoretical Development: Methods and Contexts

Following [129,130], contributions are grouped into theoretical (only introducing a
new theoretical framework) and theoretical-empirical (theoretical framework coupled with
an empirical application). Some of the reviewed contributions (1 = 20) are only theoretical,
while most of them (1 = 41) are theoretical-empirical. The methodology employed for
their theoretical development is, for almost the totality of cases (n = 54), a literature
review, sometimes complemented by other considerations based, for example, on lifecycle
assessment or material flow analysis. The previous literature is generally considered a
solid base and a good proxy for the relevance of the specific aspects tackled [131,132].
Nonetheless, the literature alone is not sufficient, and should be integrated with other
development backgrounds, such as IDMs and experts [42,43]. Only a few contributions
included a panel of experts [14], case studies [98], surveys [88], or a mix of the above [15] in
their theoretical development. Only a multi-perspectives approach could avoid bias due to
the consideration of only a specific viewpoint [31]. The involvement of IDMs is fundamental
for tailoring a general system to the specific characteristics of the reference firm.

As for the theoretical development, several contributions focus on a single context. In
terms of sector, studies address manufacturing in general [99,120], but many are tailored
to specific sectors such as pulp and paper [102], tire production [78,95], plastics [104], or
chemicals [124]. Concerning geographical areas, some studies focus on Europe [14] or
emerging economies [15]. In both cases, the development of the model could be biased
by the selected contextual factors, so the applicability in different contexts should be
further investigated [133], possibly leading to the development of indicators suitable for
various contexts [42,53]. As for size, three studies address SMEs [4,83], one LEs [54], while
the remaining do not focus their theoretical development on one or more specific firms’
dimensions. If this, on the one hand, allows for a general system to be proposed, on the
other hand, it might then represent a drawback to the adoption of the proposed frameworks
by firms of different sizes, and, particularly, by SMEs. SMEs indeed might need a more
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straightforward tool [42,133], specifically, as they potentially have limited resources and
capability to collect the large amount of data required for some of the frameworks proposed
in the literature [20]. The overall evaluation of the reviewed original studies as for the
theoretical development is reported in Table 4.

3.2.4. Circular Economy Performance Indicators

Number of indicators. The studies show a high variance in terms of the number of
indicators proposed, with a range from 1 to 189 (Figure 4), for a total of 1066 performance
indicators. Almost half of the studies (n = 26) propose less than 10 indicators, while very
few more than 35 indicators (n = 3). The average number of indicators was 17.48; the
average is far from the median of 13 and a high standard deviation of 26 indicators is
observed. As the average appears biased by the contribution proposing 189 indicators [91],
the exclusion of this study leads to an average of 14.62 indicators, with 12.5 indicators as
median and 13.54 indicators as standard deviation.

Number of indicators
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Figure 4. Original studies by the number of indicators.

The variety in the number of the proposed indicators is significant, with the risk of
confusing firms and slow down CE adoption [82]. CE is a complex topic, requiring several
indicators to be properly addressed [13]. A framework for measuring CE performance
should be thus characterized by an appropriate breadth and depth. Such a level of detail
would require a high number of indicators [134], but it is advisable to use a limited set of in-
dicators, keeping them informative and not confusing [42,135,136]. An accepted threshold
number of indicators has not yet been established in the literature, and suggestions range
between 5 and 60 indicators [137,138], while empirical applications suggest a range from
20 to 70, depending on the context [133,139]. As some of the reviewed contributions can
be placed in this range [31,117,124], the literature is still missing a proposal for adapting a
system based on the specific context under evaluation.

Previous studies suggest that a framework for measuring performance should be
manageable and easy to handle, while also guiding firms towards enhanced performance
and a more structured approach towards CE [42]. Firms with low awareness, resources and
competencies may require few indicators, providing an effective and efficient measurement
of performance. With an increasing availability of resources and maturity, the system may
be expanded to include more indicators [4]. Ideally, the frameworks should be scalable to
support a firm at all the stages of resources, awareness, competence levels during their CE
transition [43,134].
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Categorization of indicators. Given the complex nature of the concept, systems for the
measurement of CE-related performance should be addressed from a multi-dimensional
perspective [82]. In general terms, authors provide frameworks of indicators that include
economic- and productivity-related aspects [31,88,91], environmental aspects [117,121,124],
and social and institutional aspects [91,123].

Almost half of the studies still do not propose a categorization of their indicators. The
most common categorization is based on the traditional or slightly modified triple bottom
line. All the remaining studies propose their categorizations, leading to a high level of
heterogeneity and unclear indications for IDMs. Categories should be designed to allow
ease of understanding, above all for those firms with limited competences. Nonetheless,
it could be difficult to strictly assign a performance indicator to a single and unique
category [42,132]. In this way, indicators able to cover multiple aspects (i.e., be part of
multiple categories) could provide better indications to IDMs [43]. Focusing on those
indicators able to maximize the content of information could be a great help for firms
characterized by limited resources or at the beginning of their circular transitions [42].
Indeed, such a system would allow focusing on the most impactful indicators, obtaining
the greatest amount of information with a minimum number of indicators.

Integration with the sustainability pillars. When the association was possible and not
doubtful (734 out of 1066), we categorized indicators based on the three pillars of sustain-
ability (Figure 5).

Indicators categorized according to the three pillars of Sustainability (when applicable)

10 |
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Paper (ID)

Number of indicators

m Environment ® Economic Social

Figure 5. Original studies by the number of indicators categorized according to the three Sustainability pillars.

The need to provide an integrated view on CE and sustainability is largely stressed [6,62].
The link between the two concepts is considered in many definitions of CE [140], such that
CE indicators should encompass the three pillars of sustainability [68]. In the reviewed
contributions, an imbalance appears towards the environmental pillar, accounting for
about 73% of the indicators, while the economic and social ones account for 18% and 9%,
respectively. The finding is strongly supported by previous literature [44], urging the
inclusion of more economic- and, above all, social-related indicators [102,105].

Environmental indicators often show a life-cycle perspective [96], including cumula-
tive energy demand, global-warming potential, and water-stress index [98]. Some authors
focus on the dimension of material utilization, as CE promises to minimize resource con-
sumption: Rossi et al. [13] list reduction of raw material, renewability, recyclability, reduc-
tion of toxic substances, reuse, remanufacturing, refurbishment, product longevity, stake-
holder structure, and diversity; Sanchez-Ortiz et al. [14] develop an environment-focused
system, including indicators ranging from material consumption, toxicity of materials,
generation of waste, and recycling rate and quality. Another main focus provided by the
reviewed contributions is end-of-life solutions, like recycling, somewhat failing to address
the other ‘Rs” and the waste hierarchy [77], or clearly distinguish between strategies aimed
at managing the end-of-life and the lifespan of products [17]. Since retaining the value



Sustainability 2021, 13, 9049

14 of 30

of products and materials is one of the key features of CE, it makes sense to measure this
aspect with particular care. However, CE is a more complex and multi-faceted paradigm,
and complete frameworks of indicators should also include other environmental and social
indicators. CE and social aspects are related in many ways, as concerns labor practices and
decent work, human rights, society, and product responsibility. As employment, health
and safety, and participation are most commonly included in CE [13,66], an additional step
should be taken to include aspects other than internal ones [62]. Padilla-Rivera et al. [141]
focus their attention on social indicators for CE, providing a valuable perspective that
nonetheless needs integration with environmental and economic aspects.

To have an integrated model, able to reconcile sustainability and CE and their inter-
section, would be of great relevance [142,143]. Particularly, firms with limited resources or
competences could benefit from the availability of an integrated performance-measurement
systems able to include aspects related to two different yet interrelated concepts [13,74].
Such a system would indeed allow for a more straightforward measurement of perfor-
mance, helping firms better organize resources towards those efforts indicating positive
outcomes on both the concepts.

Prioritization of Indicators. A limited set of contributions (n = 4) provides a priori-
tization of indicators. The prioritization of indicators could be very useful for firms to
identify and focus on those considered relevant [144]. Indeed, such prioritization could
allow firms to begin their performance measurement with a limited number of indicators,
only subsequently moving to a larger set [145]. Given the difficulty in measuring and
improving all indicators at once, prioritization aims to identify the most urgent, providing
beneficial insights to IDMs. The prioritization proposed by the reviewed studies follows
different approaches: Cristobal et al. [107] prioritize indicators according to the waste
hierarchy; Wenbo [92] prioritizes indicators based on the 5R principle (rethinking, reduce,
reuse, recycle, repair); Cayzer et al. [53] prioritize according to the relative importance of
indicators, following IDMs’ perspectives; Yadav et al. [15] prioritize and divide indicators
into categories based on empirical evidence from a case study. Intuitively, the feature would
be extremely useful for firms with limited resources and competences, or at the initial
stages of their circular transition, as it would allow them to identify the key indicators to
focus on [19].

A relevant aspect of prioritization concerns who performs it [18]. A proper priori-
tization should consider different perspectives, such as those of IDMs, experts, external
stakeholders, or academics [146]. This would help overcome the subjectivity of a single per-
spective [83], resulting in, nonetheless, more complexity [43]. Particularly, the identification
of the right IDMs can be rather challenging in firms with little coordination among different
departments [19] or with problems assigning decisional power to project champions [147],
given their size or immaturity.

Development of an index. About half of the studies (1 = 26) consider the development of
an index, i.e., a combination of indicators providing a snapshot of a given performance
area, although the trend decreases from the year 2016 onward [122,126]. The use of an
index presents several benefits: it is easy to understand, communicate, and benchmark
efforts towards CE [107]. Among the most common indexes, it is possible to cite the
Circular Economy Indicator Prototype [53], the Circular Economy Toolkit [148]; the Material
Circularity Indicator [80]. All three are nonetheless related to the product level and focus
mainly on environmental aspects, although business opportunities are described by the
Circular Economy Toolkit. Albeit straightforward in their use, indexes present drawbacks in
their application, as they neither distinguish between different loops (e.g., reuse, refurbish,
recycle) nor provide guidance for circular product development [34]. Garza-Reyes et al. [4]
tried to shift the evaluation of circularity from the product to the firm level, according to
the CE practices implemented, providing practical suggestions to IDMs mainly from a
qualitative perspective.

One main issue related to the development of an index lays in the possible subjectivity
of evaluation [83] of how different indicators should be weighted in their contributions
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to the overall index [91]. Some studies apply the analytic hierarchy process [87,124], use
fuzzy methods [125,126], or a combination of them [123]. Others propose the use of the
multi-criteria evaluation method [96,105]. The majority of the studies, nonetheless, develop
their index according to a ratio of quantities, considering the quantity of a particular
material used over the total weight of a product [97] or the correspondent economic
value [99]. These approaches can present drawbacks, as the development of the index is
largely dependent on the perspective of whoever performs the selection [92,147], leading
to possible inconsistency and subjectivity [149,150]. A way to overcome this impediment
would be to include more than one perspective, such as those of internal and external
stakeholders, experts, and academics [146]. For example, Cayzer et al. [53] rely on insights
from the literature and IDMs, while Cristobal et al. [107] test weighting factors retrieved
from both grey and academic literature.

Indexes could represent valid help for firms with limited resources or a low level of
maturity. Indeed, indexes allow quick assess of performance and provide benchmarks
between different firms or different years, which also allows the tracking of progress.
Nonetheless, a single index could entail a narrow scope [68], unable to consider all the
multi-faced aspects of CE [16,53]. A proper starting point could entail two or three main
indexes [151,152], with indications and guidelines towards enhanced CE and an integrated
measurement of the related performance.

The overall evaluation of the reviewed original studies, as regards circular economy
performance indicators, is reported in Table 5.

Table 5. Source Evaluation—Original studies (circular economy performance indicators). The table reports general

information of the considered contributions and provides insights on the circular economy performance indicators in

terms of number (° based on practices; retrieve from previous contributions), categorization (TBL: triple bottom line; BSC:

balanced scorecard; SCOR: supply chain operations reference), sustainability pillars considered, prioritization and index

development. The @ indicates whether the contribution performs a prioritization of the indicators and/or develops

an index.
Circular Economy Performance Indicators
L. TBL Pillars
Ref. Num. Categorization Prioritization Index
Eco Env Soc
[94] 38 9R - 38 - o -
categories—circular model; material
[95] 44 circularity; economic model; 6 26 9 - -
environmental sustainability; social.
[17] 2 - 2 - -
categories—production and

consumption; waste management; ~ ;

[82] 14 secondary raw material; competitiveness 2 1 !
and innovation
[96] 23 TBL + legislative; technical; business 5 5 3 - (V]
[97] 1 - 0 1 0 - (/]
[98] 3 - 0 3 0 - -
[99] 1 - 1 - (/]
[13] 18 TBL 3 9 6 - -
[14] 19 - 0 19 0 - -
categories—managerial; organizational;

[15] 31 supply chain; informational and 11 11 9 ] -

technological; strategy and policy
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Table 5. Cont.

Circular Economy Performance Indicators

L. TBL Pillars
Ref. Num. Categorization Prioritization Index
Eco Env Soc
[100] 4 - 0 4 0 - -
[79] 10 TBL 4 4 2 - -

categories—administrative; waste;
energy; emissions; water

1 18 2 - (V]

[83] 22

categories—circular product design;
servitised business models;
supply chain management & reverse
logistics; digital technologies; supply
[101] 3 chain; product range; user; market; 1 2 0 - -
business cost; product structure; failure;
end-of-use; technical; usage; usage cost;
economic impact; environmental impact;
social impact

[102] 8 categories—eco-efficiency; reuse 0 8 0 - (]
[4] 1° _ * * * _ °
[78] 8 - 2 6 0 - -

[103] 10° categorles—produc.tlon; use end of life; 4 6 0 ) )

across life cycle

[54] 12 - 2 10 0 - -

[104] 2 - 0 2 0 - -
[81] 17 - 2 12 0 - (]
[16] 44° categories—micro; macro - -

[105] 7° categories—material circularity; lifecycle 0 7 0 - (]
[93] 63° - - -

[106] 15 categorl.es—hfec.ycle environmental 4 1 0 _ )

impact; lifecycle cost

[89] 2 - 0 2 0 - -

[107] 2 - 1 1 0 ] ]
[75] 2 - 0 2 0 - -
[77] 9 categorles—techmcal; €economic; 3 6 0 . )

sustainable
[90] 16 SCOR Processes 2 14 0 - -
categories—environmental; economic;
[91] 189 operational; logistics; 12 30 0 - -
organizational; marketing
[108] 6 - 0 6 0 - ]

categories—circular economy; life cycle
[109] 28 resource efficiency; climate energy & 4 24 1 - -
other; stocks and sufficiency

[110] 5° - _ _
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Table 5. Cont.

Circular Economy Performance Indicators

L. TBL Pillars
Ref. Num. Categorization Prioritization Index
Eco Env Soc
[111] 1 ] 0 1 0 - (]
[112] 17 TBL + Circulari 3 7 7 - (]
ty
[88] 16 BCS’s perspectives 5 4 1 - -
persp
categories
[53] 15 design; manufacturing; 0 15 0 9 (V]
commercialization; in-use; end of use
[73] 1 - 1 0 0 - ]
[113] 2 - 0 2 0 - -
[74] 1 - 1 0 0 - i
[114] 3 - 0 3 0 - ]
[31] 31 - 6 17 7 - -
[76] 1 - 0 1 0 - (]
[115] 1 - 0 1 0 - -
[116] 15 - 0 15 0 - ]
categories—climate change; water;

energy; land use; chemical risks; resource

[117] 31 depletion; material efficiency; 0 28 3 ) )
unrecovered materials;
impacts from emissions; end use & end
of life
[118] 1 - 1 - (]
[119] 1 - 1 - (]
187] 13 categories—economic; resources; 3 10 ) 0
environment; recycling
categories—energy consumption;
material consumption; waste
[120] 19 disposal and recycle; product and 0 19 0 - (]
P ycle, p
packing material recovery; green design;
raw material production
levels—macro; meso
categories—resource output rate; ) _

[121] 34 resource consumption rate; 0 34 0

resource utilization rate; waste disposal

categories—resource recycling; pollution
[122] 19 and management; 6 13 0 - (]

protection money
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Table 5. Cont.

Circular Economy Performance Indicators

Ref.

Num.

Categorization

TBL Pillars

Eco

Env

Soc

Prioritization

Index

[123]

29

factors—production flexibility; product
flexibility; delivery flexibility; marketing
flexibility; external coordinated
flexibility; organization flexibility;
manufacturing of flexibility; research and
development flexibility; fiscal policy
system; legal system; public opinion
influence; natural factors; build
mechanisms; incentive mechanisms; trust
mechanisms; interest and risk-sharing
mechanisms; economic factors; technical
factors; inter-enterprise links way

[124]

30

positive vs negative

14

[92]

20

TBL + element; management

[125]

27

categories—economic benefits; resources
and energy utilization;
material recycling; pollution control;
production process; development
potential

20

[126]

11

categories—economy; resource used;
resource reused; waste
disposed

[127]

31

categories—financial value; customer
service; costs and benefits; business
process; environmental performance

12

[128]

17

TBL

3.2.5. Empirical Application: Methods Contexts

Several studies do not provide an empirical application of the proposed theoretical

framework. This prevents an assessment of the proposed frameworks’ capability to survive
the test of real-case confrontation [153], leading to possible incomplete considerations [34].
The studies providing an empirical application mostly employ the case study methodology
(n = 33). Few authors adopt the case study for a theory-building perspective, while most
of them considered it for theory testing, to understand the usefulness and applicability of
their proposed models and framework(s). Looking at the developed case studies, several
shortcomings can be noticed. On the one hand, many contributions carried out a very
limited number of case studies (one or two), so that a strong linkage with empirical ap-
plication might be missing [5], and a higher number of case studies would be needed to
extend the robustness of validation [4,112]. On the other hand, contributions providing a
higher number of case studies focus on a narrow context, such as sector [31], geographical
area [73,99], or type of firm, i.e., multi national enterprises [54]. Only a few contributions
concentrate on specific sizes, such as SMEs or LEs ([82,83,154] and [13,31,125], respectively),
while no attention is specifically dedicated to firms with different levels of maturity, re-
sources, competences, or awareness. Additional research should aim to better understand
the specific needs of these firms. To identify insights, distinct empirical investigations are
precious and essential within the exact context of interest.

The overall evaluation of the reviewed original studies as for the empirical application
is reported in Table 6.
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Table 6. Source Evaluation—original studies (empirical application). The table reports general information of the considered

contributions and provides insights on the empirical application in terms of context, methodology, sample employed.

Empirical Application

Ref. (Sector? (S)?zt:;x tA::: l;I];Ieicciaf;icOII’lrocess) Methodology Sample/Set
[94] - - -
[95] manufacturing of tires case study (theory testing) 1
[17] electronic and wood case study (theory testing) 2
[82] Spain, SMEs case study (theory testing) 17
[96] furniture; Sweden case study (theory testing) 2
[97] washing machine case study (theory testing) 1
[98] plastic: Sicily (Italy) case study (theory testing) 1
[99] manufacturing; Sweden case study (theory testing) 18
[13] electronic, textile, plastic; Brazil; LEs case study (theory building) 3
[14] - - -

Best Worst Method;
[15] heavy manufacturing; LEs; India Decision-Making Trial; Evaluation 1
Laboratory (theory testing)

[100] - - -
[79] engine manufacturing case study (theory testing) 1
[83] food; SMEs; Greece case study (theory building) 1

[101] washing machines; North Europe case study (theory testing) 1

[102] pulp and paper; Spain and Portugal case study (theory testing) 2

[4] manufacturing; SMEs; Mexico case study (theory testing) 1
(78] tires production; cI)tfalliyf,eSwitzerland; end case study (theory testing) 1

[103] - - -
[54] multinational enterprises case study (theory building) 13
[104] plastic; Belgium case study (theory testing) 1
[81] - - -
[16] - - -
[105] beer packaging; UK and India case study (theory testing) 1
[93] - - -
[106] food; UK case study (theory testing) 4
[89] plastics case study (theory testing) 1
[107] food; EU case study (theory testing) 1
[75] mobile phone manufacturer case study (theory testing) 1
[77] - - -
[90] - - -
1] - - -
[108] biomedical case study (theory testing) 1
[109] - - -
[110] energy device manufacturer case study (theory building) 1
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Table 6. Cont.

Empirical Application
Ref (SeCtOlS (S)Iilzt:,?( :\2:: IS)l;)leicciaf:f:OIr’lrot:ess) Methodology Sample/Set
[111] biomedical case study (theory testing) 1
[112] - - -
[88] - - -
[53] leather manufacturer case study (theory testing) 1
[73] The Netherlands case study (theory building) 40
[113] plastic (waste); Belgium case study (theory testing)
[74] engine manufacturer examples (theory testing) 2
[114] catalytic-converter manufacturer case study (theory testing) 1
[31] biotech and pharmaceutical; LEs case Studzt}(lteh;f);i’etse;:gg)" survey 8
[76] mobile phone repairer survey (theory building) 400
[115] mobile phones case study (theory testing) 1
[116] vehicles; China; end-of-life case study (theory testing) 1
[117] - - -
[118] coal combustion by-products; USA case study (theory testing) 1
[119] - - _
[87] - - -
[120] - - -
[121] - - -
[122] - - -
[123] coal; China case study (theory testing) 1
[124] chemical; China case study (theory testing) 1
[92] China case study (theory testing) 5
[125] brewery; LEs case study (theory testing) 1
[126] - - _
[127] not specified case study (theory testing)
[128] metallurgy and energy; China case study (theory testing) 2

4. Discussion
4.1. How Can CE Performance Be Measured in Manufacturing Firms?

Although valuable frameworks are present in the extant literature, some features still
need to be properly tackled so as to provide an effective performance-measurement system
for the evaluation of CE performance in manufacturing firms. In the following, specific
features are outlined based on the results obtained from the review of the literature; the
features are also discussed and confronted against the frameworks currently proposed by
the extant literature.

4.1.1. The Need for an Integrated Performance-Measurement System

CE should not be a stand-alone concept within manufacturing firms [58,155], and a par-
ticularly strong relationship is identified with sustainability [156,157]. The literature started
considering the three pillars of sustainability for the development of CE-measurement
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systems, but a proper integration is still missing [6,158], particularly concerning the social
pillar, as also previously underlined [65].

The environmental pillar is traditionally more developed in the measurement of CE.
Almost all the reviewed contributions include environmental indicators (see Figure 5),
although the association is not always straightforward. In many cases, the environmental
assessment is the only aspect monitored in the frameworks proposed, as in [98,105]. Al-
though contributions typically stress the link between the economic and the environmental
pillars in the CE paradigm, the social aspect should not be left behind [66]. The majority
of contributions, nonetheless, do not include social indicators, and in general, their inclu-
sion is not explicit, as in [15]. Although specific contributions have begun reconciling CE
and sustainability, as in [31] and [112], full integration between the CE and sustainability
paradigms needs to be properly addressed.

4.1.2. The Need for a Holistic Performance-Measurement System

To properly evaluate CE, performance should be assessed considering not only the sin-
gle firm (micro level) but also the industrial systems in which it operates (meso level) [86].
Firms should thus be provided with a framework, able to cover the micro level, that also
allows insight at the meso level [6]. The literature has nonetheless shown that, so far,
manufacturing firms are still focusing their efforts on the adoption of internal practices [4],
and also practices involving the industrial system are considered rather complex to im-
plement [41]. Being able to simultaneously measure performance at different CE levels
would require the adoption of a holistic system, as the different levels are intimately in-
terconnected and explicable only by their reference in the overall picture. The reviewed
contributions do not provide such a perspective, as they focus exclusively on either the
product level [96,97], the firm level [15], or on the micro level, in general [103]. Only three
contributions consider multiple levels: product and firm [109], micro and macro [16], and
macro and meso [121], but a specific holistic integration of the micro and meso levels
should be proposed.

4.1.3. The Need for an Appropriate Theoretical and Empirical Development

The measurement of performance should allow internal improvement [159,160], com-
munication with external stakeholders [161,162], and benchmarking with peers [163]. In
this way, a performance-measurement system should be general enough to be applied
in different contexts, such as sector and geographical area, while also allowing a tailored
approach to possible distinct needs [18]. Careful considerations need to be made in terms
of theoretical development and empirical application. As for the former, a framework
should be general and its included indicators should undergo an objective selection and
prioritization, based on insights deriving from the different perspectives of IDMs, exter-
nal stakeholders, academics, and experts [58]. Concerning the last, the capability of the
framework to survive empirical tests of its data should be assessed [153]. It would thus be
necessary to conduct case studies in heterogeneous contexts [164], effectively corroborating
insights from different IDMs within firms operating in the same industrial system. The
reviewed studies present shortcomings in this sense. Firstly, several studies are only theo-
retical and do not provide an empirical analysis [94]. Secondly, even when the proposed
frameworks are tested empirically, most consider only one case study [98,118]. Many are
also focused on a single sector and do not provide indications on how to generalize their
results to different firms [83].

4.2. What Are the Related Implications for SMEs and NAs?

The reviewed contributions offer little insight for the applications of their developed
frameworks in SMEs and NAs. Additionally, as highlighted in the Findings section, the
proposed frameworks often clash with the specific needs of SMEs and NAs.

A scalable CE performance-measurement system could be of great help for SMEs and
NAs: considering their characteristics, such a framework could represent valid help in
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fostering the enhancement of a firm’s overall performance. To be specifically adopted by
SMEs and NAs, a system should allow for ease of use and understanding. It should not
be excessively complex or time-consuming, given the potentially limited availability of
resources and limited level of awareness and competences of SMEs and NAs (see Table 1);
rather, a performance-measurement system should be practical and manageable [42], while
also providing a quick and comprehensive overview of its main aspects for evaluating
CE performance in an integrated and holistic manner. Scalability would thus be of great
importance [37,38], as it would allow a system to adapt easily to the changing needs of
firms, as their awareness, competences, and maturity grow throughout their CE transition.
Indeed, SMEs and NAs might initially face several difficulties in enhancing their CE
performance by adopting practices; at this stage, a framework should be simple and
effective at the same time. As firms become more aware and competent about the topic
and can better organize their resources towards enhanced CE, their needs, in terms of a
framework’s features, could change. At this stage, different degrees of depth and breadth
of performance measurement should be necessary. From this standing, the performance-
measurement systems should allow for different levels of analysis, with a progressive
inclusion of more advanced aspects [42].

Two of the reviewed contributions offer a specific perspective on SMEs, while no
indications are provided for NAs. Shortcomings are nonetheless still present: Aravos-
sis et al. [83] focus on SMEs, but their assessment is slightly shifted towards sustainability
rather than CE and does not provide any indication on how to tailor a framework to the
needs of specific SMEs. Garza-Reyes et al. [4] provide a measurement toolkit tailored
for SMEs, with indications on how to assess the level of circularity of firms; nonetheless,
their measurement is based on the number and depth of practices implemented, not on
indicators.

4.3. Towards the Development of an Integrated, Holistic, and Scalable Performance-Measurement
System for Manufacturing Firms

Considering the reviewed literature, a performance-measurement system able to
address the above-mentioned features is still missing. To reduce the complexity of the
measurement process [18], it is advisable for an effective performance-measurement system
to meet all these features.

As for integration, an effective performance-measurement system for CE should pro-
vide clear indications regarding the simultaneous coverage of other paradigms within the
manufacturing firms, such as sustainability. The indicators included in the system should
be assessed in terms of the extent of simultaneous coverage of these two paradigms. Indeed,
as the two paradigms are strongly interrelated, it would be sound to understand how the
same indicator can provide information in both paradigms, rather than using separate
and different indicators for each, as, for example, proposed by [112]. For developing such
an integrated system, a great and deep understanding of the interrelations and overlaps
between the two paradigms would be, of course, required, and additional value could
derive from the simultaneous consideration of the perspectives of multiple IDMs within
the same manufacturing firms and their industrial systems [147].

As for the holistic perspective, an effective performance-measurement system for
CE should thus provide coverage of different CE levels, understanding the interrelations
among them. Again, it is advisable to have a single, unique system for measuring per-
formance at different levels, rather than separate ones. This, as well, should issue from a
deep understanding of the information provided by the different indicators included in a
framework and of the extent of their coverage of different levels of CE application. Once
more, it is suggested to consider the perspectives of multiple IDMs [147].

As for scalability, an effective performance-measurement system for CE should be
adapted to different firms, specifically SMEs and NAs, according to their characteristics
and their evolving needs, in terms of breadth and depth of analysis, while also simultane-
ously allowing for internal performance measurement and benchmarking activities [18].
Particularly, a scalable framework would allow the presence of different levels of analysis
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and thus sets of indicators. The minimum set would include a limited number of indicators,
so as to not distract from the pursuit of a focused strategy [135,136]. A minimum set should
nonetheless be developed, so as to be able to maximize the content of information for
an integrated and holistic evaluation of CE performance [42]. From such an initial set,
additional sets should be derived, with an increased number of indicators and an increased
content of information provided. The presence of different sets would allow a firm to move
among them, according to its characteristics and stage of CE transition [42].

As for the development of such a performance-measurement system, it would be
advisable to confront theoretical development with empirical evidence, deriving from
its application in manufacturing firms. Particularly, to evaluate the scalability of such a
system, longitudinal empirical analyses in SMEs and NAs would be of great relevance.

5. Concluding Remarks

The present study critically reviewed the literature proposing frameworks of indica-
tors to measure CE, particularly, investigating how CE performance can be measured in
manufacturing firms, and the related implications for SMEs and NAs.

The analysis shows a growing focus on the development of frameworks, but (i) scarce
integration of the proposed frameworks with relevant aspects within manufacturing firms,
such as sustainability; (ii) limited empirical validation and application of the developed
frameworks; and (iii) limited attention given to the distinct needs of SMEs and NAs. Based
on these identified shortcomings, relevant insights for further research are suggested,
summarized in the need for an integrated, holistic, and scalable performance-measurement
system for measuring CE.

The present study offers contributions from both a theoretical and managerial per-
spective, following the recommendations of Wickert et al. [165] for literature review. First,
74 literature contributions were analyzed, allowing a comprehensive list of axes for the
evaluation of literature reviews and original studies: these axes could prove useful, for
scholars and managers alike, as a reference guide to continue the exploration of the topic.
Second, a detailed analysis of the previous literature, according to these axes of evalua-
tion, was provided, underlining how each axis should be properly considered, spurring
interest in future research. Third, an emerging need for the development of an integrated,
holistic, and scalable framework of performance indicators for measuring CE is strongly
called for. It would be of great interest to academia, fostering further research, and to
practitioners, supporting them in understanding what features to look for in a framework
for CE performance measurement. The theoretical development of such research should
be then necessarily assessed against empirical applications in manufacturing firms, and
particularly in SMEs and NAs. The present study has not considered or evaluated the
specific indicators proposed by the reviewed contributions; having understood the main
features that an effective performance-measurement system for CE should entail, future
research should tackle analysis of indicators, focusing on the identification and selection of
the right indicators to be included in integrated, holistic, and scalable frameworks.

The analysis was conducted following the principles of ethical research, quality, and
accuracy. Nonetheless, some limitations should be highlighted. First, the study was
conducted considering only the Scopus scientific research database; different findings
may be obtained from other databases. Second, as the measurement of CE performance
is currently a hot topic in the managerial and academic debate—the number of studies
on the argument is constantly increasing—and the time frame used could have excluded
some relevant recent contributions. Future research should be thus directed to consider the
abovementioned limitations, while also investigating the evolution of the research topic.
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