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Exploring indicators of circular economy adoption famework

through a hybrid decision support approach

Abstract: Circular economy (CE) focuses on a circular apgnotc energy and material
resources, which provides economic, environmental social benefits for manufacturing
organisations. CE adoption in emerging economieifittdes in substantial economic growth
through appropriate utilisation of energy and materesources across manufacturing
industries. This study identifies CE indicatorstle context of an emerging economy. The
study further develops a framework for the adoptd€E and tests it through a hybrid Best
Worst Method and Decision-Making Trial and Evalaati Laboratory approach. The
framework is validated through an Indian manufaotycase organisation. While Best Worst
Method computes the CE related indicator weighisgiflon-Making Trial and Evaluation
Laboratory analyses the inter-relationship amomficators. Disparate CE related indicators,
e.g. strategic, managerial, informational and tetbgical, supply chain and organisational,
influence the CE adoption in an emerging economytecd. The findings reveal that the
strategic and managerial indicators have the saésingnfluence on developing other
indicators. The causal digraph and relationshigdia assist the practitioners in predicting
the inter-relationship of indicators in CE adoptiofhe study outcomes will help the
practitioners, policymakers and researchers to @dmamework for adoption of circular and
green practices and usage of resources sustainably.

Keywords: Circular economy; Indicators; Decision-making; @usible operations;

Emerging economies; India.

1. Introduction

Circular economy (CE) has emerged as one of theortapt aspects of a nation’s
economy (Mahpour, 2018). From various definitioh€& reported in the extant literature, it
is difficult to have an in-depth understanding & (Kirchherr et al., 2017) as the definitions
represent different perspectives (Sarkis and ZBiyP Several studies have put an effort to
link CE to different areas, such as industrial egyg| reverse logistics and waste reductions.
However, CE is not limited to material and/or wasteovery as CE can be extended to
energy utilisation, supply chain activities, protioi activities and sharing economy (Saidani
et al., 2017). CE works in a closed or circulargpbut it can also be used in a forward loop

(Korhonen et al., 2018a). Several frameworks, sistcBECE (backcasting and eco-design for



the circular economy) and ReSOLVE, are proposeéffective adoption of CE (Mendoza et
al., 2017).

CE has a direct link to manufacturing organisatio6& adoption in manufacturing
industries can be beneficial for nations’ growthesBarchers argue that manufacturing
organisations play a pivotal role, especially invaeleping nations such as China, India,
Thailand etc., as they are outsourcing hubs todtheloped economies (Fang et al., 2017;
Lieder and Rashid, 2016). CE adoption in the martufang sector is a cumbersome process
as it calls for an effective examination of somecal factors before initiating the process.
Some of these factors are CE adoption policiededsibility, effectiveness and adaptability
to the sector. In literature, the factors are somes referred to as indicators, critical success
factors, enablers, drivers and facilitators.

Driven by this concern, this study contributeshte literature by identifying the indicators
that assist in the CE adoption process. The inglisaire the factors that help in enhancing
the CE adoption. Indicators possess the differatgnsity of influence (Govindan and
Hasanagic, 2018). The intensity of influence reterthe weightage of each indicator during
the CE adoption process. While, the study of Saieaal. (2019) reports an exhaustive list of
CE indicators, it fails to capture their intensityd does not highlight any information related
to their inter-relationship. Therefore, another tattion of this study is to bridge this
knowledge gap through identifying the intensityirdfuence of the indicators, the absence of
which may hinder practitioners to implement an @ffee CE adoption process in
manufacturing organisations. Further, the meretifiestion of the intensity of influence of
the indicators is not adequate. Therefore, yettaratontribution of the study is to analyse
causal relationships of the indicators and exptbesr interaction possibilities in a whole
system to facilitate the decision-making proces$raictitioners and policymakers for CE
adoption.

A paradigm shift in the CE literature is reportedtiis study through the objectives of
identifying the CE indicators, analysing their imé&y of influence and examining their
causal relationship. Here, the paradigm shift sfés explore different diversifying
opportunities in CE literature. To address thesgeaives, a hybrid decision-support
approach using the Best Worst Method (BWM) and EieniMaking Trial and Evaluation
Laboratory (DEMATEL) methods is employed to analgsease of an Indian manufacturing
organisation. The exhaustive study identifies a afeCE indicators that affect the CE

adoption process. These indicators are confirmet \aalidated through an expert panel.



While the intensity of influence of the indicatassascertained through the BWM approach,
the DEMATEL approach explores the causal relatignehthe indicators.

This article is organised as follows. Section 2neixees the theoretical foundation of the
work through a thorough literature review. Sect®mlescribes the research methodology.
Section 4 elucidates development and testing ofGReadoption framework through the
considered case. Section 5 discusses the outcdnies study. Section 6 provides an insight
into the contributions and implications. Finallyy section 7, the article concludes with

recommendations for future research.

2. Literature Review

To explore disparate CE indicators, a systematdiure review approach is conducted
as set out in Tranfield et al. (2003). The artideasidered in this literature review possess a
strong focus on CE adoption and its indicators. fbflewing keywords are framed and used
in various combinations to identify the extant rigteire: ‘circular economy indicators’,
‘circular economy enablers’, ‘circular economy ical success factors’, ‘circular economy
drivers’, ‘circular economy and manufacturing’, rmilar economy and developing
economies’ and ‘circular economy facilitators’. Thiatabases used include: “Web of
Science”, “Scopus” and “Google Scholar’. The titflexbstracts and keywords of the
identified articles are further scrutinised basadfee following criteria: (a) inclusion of only
journal articles which are peer-reviewed and exaolgicll the conference proceedings, and
(b) inclusion of only English language articlesthflugh CE domain gained its momentum
from 2010 (in terms publication of articles), fewtieles have been observed in the early
2000s. Therefore, the review time horizon is 2@02Q19. The initial shortlisting left us with
231 articles. While the initial shortlisting of imtes is performed according to the above
procedure, the final scrutiny of the articles isn@docted through forward snowball and
backward snowball approach (Wohlin, 2014) which lefwith 63 articles.

The articles that strictly focus on the indicattws developing economies and related to
manufacturing concerns are though included. Thiaach assists to identify the articles
strongly related to the present study. This revi@ips in developing a better understanding

of CE and building a foundation to enhance vari@sgarch threads in this domain.

2.1 Circular Economy related Indicators
Although the CE research is in a state of infarssyeral publications (de Jesus and

Mendonca, 2018; Lazarevic and Valve, 2017) repets f indicators influencing the CE



adoption process. These indicators influence tloptaoh process in a broader context (i.e.
developed and developing nations’ context). A stuoly CE (Mahpour, 2018) reports
‘effective planning and management for CE adopfiaalocation of financial budgets for
CE’, and ‘top management commitment for CE adoptms the most critical indicators
influencing the CE adoption process. The stratgganning and budget allocation are
directly linked to the top management (Bodar et 2018) to facilitate building effective
strategies. Further, effective strategic plannirsgisas in attaining sustainable resource
management (Genovese et al., 2017). Sustainaldarcesutilisation can directly contribute
to the CE adoption process thereby strengtheningtian’s economy and future resource
managing aspects (Parchomenko et al., 2019).

Govindan and Hasanagic (2018) argued that adopfi@E is a challenge until economic
benefits are understood. Therefore, it is signifida have some strong strategies and policies
for CE adoption (Kim and Lui, 2015). From this stpoint, the following indicators have
emerged as prime importance: ‘redesign based otoroes feedback’, ‘effective lifecycle
analysis’, and ‘rewards and incentives for greewgivities’ (Homrich et al., 2018).

Indicators relating to performance measures thatimimapping CE performance are
required to be considered (Wang and Li, 2006) & @t adoption process. The indicators
viz. ‘effective facility layout decision making’effective information management system’
(e.g. 10T), and ‘adoption of innovative quality inepement practices’ (Martins, 2018) are
considered as key players in the CE adoption psockdoption of CE requires indicators
facilitating advanced technology transfer and camisinonitoring on changing market needs
(Anzola-roman et al., 2018). In this regard, Sasaedt al. (2018) emphasise on the
penetration of social media and big data analywahin an organisation. This helps to
circulate the information within a correct loop. &hability of advanced technological setups
will facilitate the practitioners to carry out th@roduction activities and simultaneously help
in providing high-quality products to the end-us@sbinati et al., 2017).

CE possesses a strong linkage to the supply cletiintizs in manufacturing organisations
(Batista et al., 2018b). Coordination and collaboraamong the supply chain members is
very essential for building the loop of CE (Gen@kt2012). This leads to the emergence of
the following indicators, viz. ‘supplier commitmerior recyclable materials’ and ‘CE
education for suppliers’. Adopting reverse supphaio activities, e.g. includes Reverse
Logistics (RL) and Extended Product ResponsibilEPR) etc., enhance the CE adoption
process (Saridakis et al., 2019). Further, greeactmes and initiatives, such as green

purchasing, green design and green packaging,gsiiem the social and environmental



dimensions of CE (Kirchherr et al., 2017). Suchcpecas enhance supply chain performance
and strengthen the closed-loop mapping procedWéscher et al., 2018). Linking CE to
supply chain further assists in maintaining thedpicd cost under control (Yadav et al.,
2020).

Some highly impactful indicators for the CE adoptiframework are ‘adoption of
6R’s’, ‘multi-stage quality check system’, and ‘vextion in carbon emission’ (Heyes et al.,
2018). The multi-stage quality check system hetpdiagnose the defects at the production
stage and recycle the same for corrective acti®imsilarly, reduction in carbon emission and
using it in other activities enhance the organisel productivity (Wang et al., 2018). The
6R’s includes redesign, reduce, recycle, reus@vercand remanufacturing which strongly
correlate to CE (Kazancoglu et al., 2018). Hendeption of 6R’s significantly improves the
CE adoption possibility. Additionally, effectivevantory management emerges as one of the
key indicators in the CE adoption process (Ormazetal., 2018). Employee empowerment
and motivation is a requirement for the successfyblementation of these identified
indicators (Ricciardi et al., 2016). Therefore,Udssed training for the CE adoption process is
needed. Table 1 identifies and collates the indisatessential for the CE adoption
framework.

Table 1: Circular economy related indicators reported inliteeature

zl('). Circular- | economy | pescription Literature
related indicators
1 Effective planning and Effective planning and management to alighlartins (2018); Homrich et
management resources appropriately for CE adoption | al. (2018)
2 Top managementTop management  engagement  arlaavedra et al. (2018);
commitment involvement enhance opportunities for CBodar et al. (2018)
adoption
3 Allocation of financial| Separate budget allocation for the executiate Jesus and Mendonca
budgets of CE practices is crucial (2018); Mahpour (2018)
4 Sustainable resourgeAppropriate usage of sustainable resourcgsBsdar et al. (2018);
management required for CE adoption Genovese et al. (2017)
5 Supportive participation Stakeholders’ participation is essential foFang et al. (2017); de
of stakeholders the adoption of CE framework Oliveira et al. (2017)
6 Building a brand image Brand image in effective @ulture boosts Genovese et al. (2017);
the opportunities Lieder and Rashid (2016)
7 Understanding exagtEconomic and social benefits are required tte Oliveira et al. (2017);
implications  of  CE| be understood explicitly for an effective GBAVang and Li (2006)




(economic and socidl adoption
benefits)

8 Focussed training for CEAppropriate training sessions facilitate CHB/artins (2018); Lieder and
adoption adoption process Rashid (2016)

9 Employee empowermentMotivating employees and transferringzhu and Tian (2016);
and motivation responsibilities to them to improve theKirchherr etal. (2017)

productivity of an organisation

10 Multi-stage quality check Conducting quality checks for in-proces$&arkis and Zhu (2017);
system products at checkpoints assist in diagnosindrbinati et al. (2017)

defects at an early stage for necessary rework

11 Adoption of 6 R's Adoption of 6 R's helps orgaion to| Korhonen et al. (2018a);

penetrate CE effectively Ghisellini, Cialani, and
Ulgiati (2016)

12 Effective inventoryl Appropriate forecasting techniques aidukker (2015); Zhu et al.
management practitioners to manage inventories (2010)

13 Reduction in carbonReducing carbon emission and using| Merli et al. (2018);
emission further for any productive recycling proces&orhonen et al. (2018)

boosts the CE adoption process

14 Coordination and Effective collaboration and communicatiorGeng and Doberstein
collaboration among SCamong the supply chain entities help [t(2008); Heyes et al. (2018)
members manage supply chain operations

15 Supplier commitment for Suppliers’ commitment to recyclablezhu, Geng, and Lai (2010);
recyclable materials materials promotes the CE adoption proces3seng et al. (2018)

16 Adopting reverse supplyEffective implementation of EPR and revers@&/hicher et al. (2018);
chain practices (e.g. EPRJogistic practices indirectly assist in the CKirchherr et al. (2017)
reverse logistics) adoption process

17 Adopting green practicgsAdoption of green purchasing, design gnklorhonen et al. (2018b);
(in  purchasing, desighpackaging develop a recyclable product | Lazarevic and Valve (2017)
and packaging)

18 Educating customers forThe end-users are required to be educatBddar et al. (2018); Lacy
CE practices regarding the benefits of CE and Rutqvist (2016)

19 Adopting innovative Adoption of advanced quality improvemenGenovese et al. (2017);
practices practices at different functional areas |dfang et al. (2017)

supply chain help in the CE adoption process

20 Advanced technological Availability and applicability of advancedvan Loon and Van

transfer and applicability | technology transfer help in mappindVassenhove (2018); Lieder
activities that improve inter-departmentaind Rashid (2016)
communication within the organisation

21 Penetrating social med

a Implementation of bmtadanalytics an(fl Govindan and Hasanagic




and big data analytics insocial media in the organisation facilitate§2018); Lazarevic and
the organisation understanding of customers’ requirements ¥alve (2017)
take effective measures

22 Effective facility layout| Allocation of faciliies in an optimised Pomponi and Moncaster

decision making manner is extremely important that directly2017); Homrich et al.
correlates to the product cost (2018)

23 Constant monitoring of Observation on changing market needs helpartins (2018); Fang et al.
changing market needs | effectively in modifying/developing products(2017)

24 Effective information Effective implementation of the internet pfSaavedra et al. (2018);
management system (e.gthings (IoT) in the organisation facilitates ifPomponi and Moncaster
loT) handling complex information managemen2017)

system

25 Adopting industrial Implementation of industrial ecologyGeng et al. (2012);
ecology initiatives facilitates the assessment of the systep@enovese et al. (2017)

environmental impact

26 Availability of CE | Focussed CE framework facilitates its bettévlartins (2018); Sarkis and
oriented framework (e.g. penetration in the organisation Zhu (2017)

ReSOLVE)

27 Redesign based grAn effective closed-loop feedback systeriseng et al. (2018); Geng
customer (internal andfacilitates appropriate modification in designand Doberstein (2008)
external) feedback

28 Effective  life  cycle| Review and analysis of product life cycle anterli et al. (2018); Sarkis
analysis its effective implementation facilitates toand Zhu (2017)

adapt new products

29 Rewards and incentivesRewards and incentives boost employe@rmazabal et al. (2018);
for greener activities morale to facilitate the implementation pZhu and Tian (2016)

environmentally sustainable activities

30 Identifying performance Effective performance measures assist| imn Loon et al. (2017);
measures for CE analysing CE’s benefits Urbinati et al. (2017)

31 Supportive  governmentGovernment regulations for promoting CEsovindan and Hasanagic
policies and subsequent subsidies and rebate in tax2818); Lazarevic and

can enhance the CE adoption process Valve (2017)

2.2 Circular Economy in Developing Nations

Although the success stories of CE have broadlyuceg by the developed economies,
the developing economies are struggling to adopt@&ctively across their manufacturing
firms. Effective CE adoption is crucial in develogi nations as their economies partly

depend on outsourcing/off-shoring market and/oeifpr direct investments (Saavedra et al.,



2018). Developing nations provide cheap labour daliver final products at low costs.
China is considered as one of the largest expootfeetectronic goods (Mangla et al., 2019).
India and Thailand export electronics manufactugedds to all parts of the globe (Wang et
al., 2018). It becomes an extremely challenging tasadopt CE in these countries when they
are compared to the developed nations (Ghiseltirdl.e 2016). These nations’ struggle to
meet the basic requirements along with their potategic infrastructure find CE
implementation an extremely challenging task (Latbt al., 2019). Adoption of CE in the
developing nations will facilitate them to attaicoeomic stability, economic perks (Tseng et
al., 2018) and simultaneously set a roadmap farsitian from developing to developed
nations. Therefore, adoption of CE will help themget rid of the problem.

Mere understanding of CE is not enough as ideatiba of its indicators plays a pivotal role
in its effective adoption (Sarkis and Zhu, 201 Hu3 to facilitate the CE adoption process, it
is necessary to identify the indicators influencitie CE adoption in the context of
developing nations. It is pertinent to note thafjanity of the studies (Wang et al., 2018)
consider cases from China. Literature is scanthenstudies highlighting the CE indicators
from other developing nations like India, Sri Lardead Thailand etc.

2.3 Knowledge Gaps
An exhaustive examination of the extant literatidentifies the following knowledge
gaps:
* While the majority of research articles (Wang and2006; Homrich et al., 2018)
discuss CE adoption benefits, the literature empimgsa framework facilitating the
CE adoption process in manufacturing organisati@ssant.
» Determination of the intensity of influence the @Bicators are extremely significant
for the CE adoption process. The extant literaisingnavailable on this aspect of the
CE indicators.
» Existing CE adoption frameworks (Bodar et al., 20G6&novese et al., 2017) do not
rely on standard analytical validation treatmengifying the CE adoption process.
» Lack of adequate technological infrastructure amstanable resources differentiate
the nature of the CE indicators of the developind developed nations because non-
availability of these resources makes it extrentiffycult for developing nations to

adopt CE effectively. Little is known in this redaalthough a few studies (Lieder



and Rashid, 2016; de Oliveira et al., 2017) reporne of the key CE indicators.
Therefore, indicators related to developing natioesd to be identified.
» Literature is unavailable on the causal relatiomstiithe CE indicators. It is important

to examine the behavioural aspect of an indicatoenit interacts with the others.

These knowledge gaps call for exploring the impaéaweights of the identified CE
indicators in a decision-making context for examgntheir intensity of influence on the CE

adoption process, which is elucidated in the negtisns.

3. Research Methodology

Figure 1 illustrates the research methodology amstcribes the data collection in five
phases. This collection procedure is conductedhéncase organisation. The CE indicators
derived from the extant literature are further fied through an expert panel (see section 4.1
for expert details). These experts are asked tgoate the shortlisted indicators into diverse
groups for the development of the CE adoption freork. The hybrid BWM-DEMATEL
approach examines disparate feasibility aspectshefdeveloped framework and causal

relationship of the indicators.

3.1 The Hybrid BWM-DEMATEL Approach

The hybrid BWM-DEMATEL approach is formulated toaewine the feasibility of the
developed CE adoption framework. This approach wonktwo stages. In the first stage,
BWM computes the final shortlisted CE indicatorsl assesses the intensity of influence of
each indicator. Researchers’ prime choice (Yadal @Resai, 2017) is Analytic Hierarchy
Process (AHP) among all other multi-criteria demismaking (MCDM) approaches. These
decision-making approaches work on the principlpaif-wise comparison. Computation of
weights in these approaches becomes complex wheemumber of considered criteria is
large. Researchers (Gupta and Barua, 2017; Saeegii, 2016) recommend BWM over
other MCDM approaches where large numbers of @itere dealt with. In this study, BWM
has emerged as the best approach to compute ttegiacniveights as there are 31 CE
indicators. BWM effectively deals with vaguenesd aras within the experts’ judgements.



RESEARCH OBJECTIVES
1) To identify the CE indicators, 2) To analyse the intensity of influence of the CE indicators. 3) To examine
causal relationship and behaviour of the CE indicators during their adoption

J

Perform a systematic literature review to explore To find the extremely important facilitators
the CE indicators influencing the CE adoption process
CE literature search conducted in five phases:
Phase 1 — Article search on Web of Science, Scopus,
and Google Scholar = :
|Phase 2 — Keywords used: ‘crcular economy indicators’, socone s::) itfi’gle?:'z: :::::wani ql:)a:;ty ghdata
‘drcular economy enablers’, “drcular economy critical purp
success factors’
Phase 3 — Period of inclusion — 2000 to 2019
Phase 4 - Inclusion of only journal articles in English
JP language
hase 5 — Apply forward snowball and backward snowball
approach for final scrutiny of the selected articles
Validate the CE indicators facilitating its adoption |To finalise the list of CE indicators that can further
in developing nations through an expert panel > be processed using MCDM
Develop a framework by categorising the CE To present a roadmap applying the hybrid BWM-
indicators in major groups and sub-groups c DEMATEL approach
Compute the CE indicator weights by using BWM To explore the intensity of influence of each CE
indicator for its adoption process
Analyse the causal relationship among the CE To assess the cause and effect relationship of the
indicators using DEMATEL approach CE indicators
Discuss the study findings and present outcomes To present the implications of the study for
from the hybrid BWM-DEMATEL approach researchers and practitioners

Figure 1: Research methodology

Note: CE- Circular Economy, BWM- Best Worst Method, DEVEL- Decision Making Trial and Evaluation
Laboratory, MCDM- Multi-Criteria Decision Making

The second stage of the two-stage hybrid BWM-DEMAEpproach analyses the causal
relationship among the CE indicators. It is sigmfit to assess how one indicator relates to
the other. Several MCDM approaches may serve thiggse. Some of these are Analytical
Network Process (ANP), Interpretive Structural Middg (ISM), Fuzzy Cognitive Maps
(FCM) and Decision Making Trial and Evaluation Ladory (DEMATEL) etc. ISM and
FCM are preferred in situations where structuragrdnmichy is required. However, in
situations, where the causal relationships amorgs#iected factors need to be examined,
DEMATEL emerges as the prime choice. DEMATEL assist examining the cause and

effect factors, which facilitates the practitioneyeffectively adopt CE.



4. Development and Testing of the Circular Economy Adption Framework
4.1 Problem Description

In this study, a case study approach helps praaitteeoretical background. The case of a
heavy manufacturing company operating in westedhalns considered. The company is
involved in manufacturing of a variety of productjch as motors and hydro turbines,
industrial pumps, agriculture and household pumgpsTéere are more than 1000 employees
in the organisation. The organisation has a turnofapproximately US $10 billion.

The case company has a well-framed organisatiorssiom with an objective of reducing
its overall environmental impact and achieving austbility in business. The company has
adopted the CE initiatives, such as carbon netytrdBO 14001 and hierarchy of wastes (i.e.
rethink and redesign, reduce, reuse, recycle, @pbsk) in their business. The management
of the company is committed to developing high-gygiroducts and involved in a project
titled “circular economy and sustainability initiatives’. The management seeks to identify
possible key indicators for CE implementation anblsequently aim to analyse the indicators
for a successful CE adoption process. Additiondalg, management is interested to analyse
the cause and effect relations within the CE indica

To deal with the problem of the case company, aepanel comprising six members is
formed. The panel includes a production and plapmmanager, procurement manager,
general manager, information technology enginedremvironmental scientist. The literature
reveals that the number of experts between fiveigbat is sufficient for the application of
hybrid BWM-DEMATEL approach (Rezaei, 2016). Unlikegher MCDM approaches the
selected approach in this study requires less nuwib@ecision makers to arrive at the final
judgement. Researchers (ljadi Maghsoodi et al.928burhejazy et al., 2019) have used an
expert panel comprising four to six members to faase study judgements. Following the
same analogy, in this study, a decision panel cmimgrsix experts is formed. This research
is employed to a limited setting steered with aecgtady approach of comparable sample size
comprising six experts. However, it sets a grounrdfditure study that could be extended to
larger sample to test and validate the outcomes.

The selection of experts is decided based on ceddteria, such as the members’
industrial and consultancy experience, decisionintak competencies, respective
designations and expertise in the domain etc. Kperés are contacted for data collection.
The framework of the CE indicators is analysed gisthe hybrid BWM-DEMATEL

approach, details of which are provided in thedfelhg sections.



4.2 Determining the Circular Economy Indicators’ Weights

The experts are initially asked to categorise thHe i@dicators identified from the
literature. The indicators are categorised in foread groups, viz. managerial indicators,
organisational indicators, supply chain indicatangprmational and technological indicators,
and strategy and policy indicators. The framewakealoped for the CE adoption process is

elucidated in Figure 2.

[Figure 2 about here]

The intensity of influence of the CE indicatorsdistermined using the BWM approach.
The steps adopted in BWM are as follows (Rezadig20
Step 1: Exploring the CE indicators— This step involves identification of the CE iraliors
influencing its adoption in developing nations. Ale indicators are allotted criteria asis,

Step 2: Diagnosing the best and worst indicators This step involves grouping of the CE
indicators across diverse groups and then findhgy ltest and worst indicators for the
disparate major groups and each sub-group.

Step 3: Allotment of preference— In this step, a separate table for best and worst
comparison is computed through the expert judgesigntssigning numerals between 1 and
9. The assignments are performed separately fomiue group indicators and sub-group
indicators. The best and worst comparison of thgomgroup indicators is illustrated in
Tables 2 and 3 respectively. Equation (1) reprasdm comparison set of BestgjAand

Worst (Ay) criteria.
Ag = (aub, &by 3b---- Shb), Aw = (Aws Bw, Bw---- Sw) (1)

Table 2: Best-to-Others (BO) comparisons for the main griogicators

Resp. No. Best MG oG SP IT SC
1 SP 6 3 1 5 2
2 MG 1 4 5 3 6
3 MG 1 4 6 2 5
4 OG 2 1 5 2 4
5 SC 4 5 4 2 1
6 SP 6 4 1 5 2

Note: MG- Managerial Indicators, OG- Organisatioimalicators, SP- Strategy and Policy Indicators, IT

Informational and Technological Indicators, SC- @ypChain Indicators



Table 3: Others-to-Worst (OW) comparisons for the main grimgcators

Resp. No. Worst MG oG SP IT SC
1 MG 1 2 6 2 5
2 SC 6 3 2 4 1
3 SP 7 3 1 6 3
4 SP 4 5 1 4 2
5 oG 4 1 2 4 5
6 MG 1 3 6 2 5

Step 4: Computing the CE indicator weights— An objective function along with some

constraints is formulated to compute the CE indicateights,. Equation (2) represents a
comparison of each constraint with the best cotefor all values of j. Similarly, equation

(3) represents a comparison of each constraint thithworst criterion for all values of j.

Equation (4) indicates that the sum of the weightall the criteria should be equal to 1.

Min &

Subject to

|W711-3 - & | < &, for all values of @
WLJV - gw | < &, for all values of | )

2ijwj=1 X

w; >0, for all values of .

The linear programming model is used for computaregghts of the CE indicators. The
comparative judgements for the major group indicsatre obtained computing the weights
using the equations 2 to 4. The local weights oletifor the major group indicators are

illustrated in Table 4.



To identify the key CE indicators, to compute their intensity of influence, and analyse causal relationship and their behaviour

v

v

L 3
MANAGERIAL INDICATORS ORGANISATIONAL SUPPLY CHAIN
(MG) INDICATORS (OG) INDICATORS (SC)
-Effective planning & management -Adoption of 6 R's -Co-ordination and
Jfor CE adoption (MG1) (0GI) collaboration among SC
-Top management commitment for -Employee members (SCI)
CE adoption (MG2) empowerment and -Supplier commitment for
-Allocation of financial budgets motivation (0G2) recyclable materials (SC2)
MG3) -Multi stage quality -Adopting reverse supply
-Sustainable resource management checksystem (OG3) chain practices (e.g. EPR,
MG4) -Focussed training for reverse logistics) (SC3)
-Supportive participation of CE adoption (0G4) -Adopting green practices
stakeholders (MGS) -Effective inventory (in purchasing, design and
-Building brand image (MGO0) management (0GS) packaging) (SC4)
-Understanding exact implications -Reduction in carbon -Educating customers for
of CE (economic and social emission (0G6) CE practices (SC3)
benefits) (MG7)

v

INFORMATIONAL AND
TECHNOLOGICAL
INDICATORS (IT)
-Adopting of innovative
practices (IT1)

-Advanced technological
transfer and applicability (IT2)
-Penetrating Social Media and
Big Data analytics within the
organisation (IT3)

-Effective facility layout
decision making (I1T4)
-Constant monitor on changing
market needs (IT5)

-Effective information
management system (e.g. IoT)
aT1%)

STRATEGY AND POLICY
INDICATORS (SP)
-Adopting Industrial ecology
initiatives (SP1)
-Availability of CE oriented
Jframework (Resolve) (SP2)
-Redesign based on customer
Jeedback (SP3)

-Effective life cycle analysis
(SP4)

-Rewards and incentives for
greener activities (SP3)
-Identifving performance
measures for CE (SP6)
-Supportive government
policies (SP7)

\/

Identification of intensity of influence and selection of indicators in context to developing nations

A

Identifying the relationship among the indicators and analysing their behaviour

Figure 2: Framework for the CE adoption process




Table 4: Local weights obtained for the main group indicator

Expert number MG oG SP IT SC &
1 0.061475 0.163934) 0.430328 0.098361] 0.245902| 0.061475
2 0.487145 0.142084) 0.113667, 0.189445| 0.067659K 0.081191
3 0.439883| 0.131965 0.058651f 0.26393| 0.105572| 0.087977
4 0.218487 0.386555| 0.067227| 0.218487| 0.109244| 0.05042
5 0.19245| 0.074019] 0.144338] 0.473723] 0.11547| 0.103627
6 0.064103 0.128205] 0.448718 0.102564| 0.25641| 0.064103

Criteria weight 0.243924 | 0.171127| 0.210488| 0.224418| 0.150043| 0.074799

A similar procedure is used while determining locabights of all the sub-group
indicators. The values df for all the group and sub-group comparisons atedoto be
consistent. The global weights are obtained (Tablafter determining the local weights for

all the sub-groups.

Table 5: Global weights of the CE indicators

_ Sub-group | Sub-group ]

Indicator ) _ Global weight | Rank
Major group code local weight

MG 1 0.174 0.042
MG 2 0.192 0.047 4
MG 3 0.140 0.034 13

Managerial indicators
0.244 MG 4 0.160 0.039 7
(MG)

MG 5 0.113 0.027 22
MG 6 0.106 0.026 25
MG 7 0.117 0.029 19
0G1 0.265 0.045 5
0G2 0.121 0.021 28
Organisational indicators 0.171 OG3 0.161 0.028 21
(OG) ' 0OG 4 0.179 0.031 17
OG5 0.072 0.012 30
OG 6 0.203 0.035 12
SC1 0.240 0.036 9
Supply chain indicators 0.150 SC?2 0.214 0.032 15
(SC) ' SC3 0.179 0.027 23
SC4 0.177 0.027 24




SC5 0.190 0.029 18
IT1 0.213 0.048 3
IT2 0.142 0.032 16
Information and
IT3 0.147 0.033 14
technological indicators 0.224
() IT 4 0.160 0.036 10
IT5 0.065 0.015 29
IT6 0.273 0.061 1
SP1 0.115 0.024 26
SP 2 0.263 0.055 2
_ SP 3 0.038 0.008 31
Strategy and policy
o 0.210 SP 4 0.132 0.028 20
indicators (SP)
SP5 0.169 0.036 11
SP 6 0.108 0.023 27
SP 7 0.174 0.037 8

Note: For the abbreviation of all the subgroup code gda@fer to Figure 2

The global weights of all the sub-group indicatiarsn a cluster diagram (Figure 3).
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Figure 3: Cluster diagram for the CE indicators

Note: For the abbreviation of all the subgroup code sga@fer to Figure 2

The cluster diagram represents different intersitiethe CE indicators falling in different

clusters viz. high intensity, moderate intensitg éow-intensity indicators. It is observed that



six indicators fall in the high-intensity clust@wenty-two indicators fall in the moderate-
intensity cluster and three indicators fall undee tow-intensity cluster. The low-intensity
cluster indicators are ‘effective inventory manageth (OG5), ‘constant monitoring of
changing market needs’ (IT5), and ‘redesign basedcustomer feedback’ (SP3). These
results are discussed with the experts, and theatats found under the low-intensity cluster
are excluded for further processing. Accordingxpegts, CE concepts are in the very initial
stage in developing nations such as India. Botlotanisation and its customers are unsure
about CE adoption. Hence, at this level, theseildensity cluster indicators can be dropped

from the framework development process.

4.3 Analysing the Causal Relationship of the Circular Eonomy Indicators

A total of 31 CE indicators are selected at thar@gg, which is subsequently filtered to
28 indicators under the five major groups througd BWM approach in the previous stage.
The main aim is to analyse the causal relationahipng the available CE indicators through
the cause and effect indicators. In this regare, phocedure adopted for executing the
DEMATEL approach is explained below (Abdullah andkali, 2015):
Step 1: Defining the CE indicators— All the CE indicators including major and sulmgyp
indicators from the output of the BWM approach eoasidered as input to this approach.
However, the grouping of the indicators is retaiasdthat of the previous stage. Only the
indicators dropped in the previous stage are exdwdhile applying this approach.
Step 2: Development of indirect relation matrix andaverage matrix — The experts are
asked to rate the indicators based on their relghip with the other indicators on a scale of O
to 4, where, ‘0 — no influence’, ‘1 — weak influenc’2 —moderate influence’, ‘3 — strong
influence’, and ‘4 — extremely strong influence’eiite, with the input of six available
experts, six different matrices are formed for thajor group indicators. An average of all
these matrices for the major group indicators temeined (in Table 6). A similar procedure
is followed for all the sub-group indicators.
Table 6: Average matrix of the major groups of the CE inthca

Major group MG oG SP IT SC
MG 0 3.8 3.6 3.6 3.4
oG 2.8 0 3 3.2 2.6
SP 3.2 3.2 0 3.4 3
IT 2.8 3 3.2 0 3.4




SC 2.6 2.4 2.2 3 0

Step 3: Computing normalised direct relation matrix (D) — The average matrix
determined in the last step is now converted intoranalised direct relation matrix by using
the equation (5):
D=MxS )
Where, S is computed by using equation (6)

1 1

min - , -
maxy_|my| maxy”|m|
= =

(6)

The normalised matrix found for the major group i@&ficators is illustrated in Table 7.

Table 7: Normalised matrix of the major groups of the CHéatbrs

Major group MG oG SP IT SC
MG 0.000 0.264 0.250 0.250 0.236
oG 0.194 0.000 0.208 0.222 0.181
SP 0.222 0.222 0.000 0.236 0.208
IT 0.194 0.208 0.222 0.000 0.236
SC 0.181 0.167 0.153 0.208 0.000

Similarly, this procedure is repeated for computimg normalised matrix for all other sub-
group indicators.
Step 4: Development of total relation matrix— The total relation matrix for the CE
indicators is found using equation (7).
T=D (I-D)* .. (7
The total relation matrix for the major group inatiars is illustrated in Table 8.

Table 8.Total relation matrix of the major groups of the {DHicators.

Major group MG oG SP IT SC ri r + cj r-cj
MG 1.076 | 1.360 1.322 1414 1.345 6.517 11.891 1.143
0G 1.066 | 0.966| 1.114] 1200 | 1.122 | 5.468 11.216 -0.280
SP 1161 | 1229 | 1.021 | 1295 | 1223 | 5.928 11.531 0.326
IT 1.111 | 1.185 1.169 1.069 | 1.208 5.741 11.803 -0.320
SC 0.961 | 1.008| 0.977] 1.084 0.868 4.898 10.664 -0.868




Sum ¢j 5374 | 5.748| 5.602 6.062 5.766 Threshold value = 1.142

All the rows and column of the total relation matére added together. The row sum (r
represents the direct and indirect effect;aver other indicators. Similarly, the column sum
(g) represents the direct and indirect effect expeed by indicator j from all other
indicators. However, {r G) can be defined as the net effect by which a qar indicator
influences the entire system. The positive valuéicfg) is known as cause indicator while
its negative value is termed as effect indicator.

Step 5: Identification of threshold measure- The threshold measure (Table 8) is identified
to generate both causal digraph and relationstagrdm. Considering all the values above
the threshold measure the connections betweemtheators are established for generating
the relationship diagram. A similar procedure isried out for computing the total relation
matrix for the subgroup indicators. Based on tleghold values and ri, cj values, the causal
digraph and relationship diagram are developedurEigt presents the causal digraph and

relationship diagram of the major group indicators.
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Figure 4: Causal digraph and relationship diagram for theomgijoup indicators

Figure 4(a) illustrates the causal digraph of maooup indicators. It is found that
‘managerial indicators’ and ‘strategy and policgioators’ exist in the cause group cluster.
The effect group cluster includes ‘informationatiaachnological indicators’, ‘organisational
indicators’ and ‘supply chain indicators’. The tedaship diagram in Figure 4(b) elucidates
inter-relationships among other indicators. The aganial indicators and strategic and policy

indicators strongly correlate to other major granghicators. The strategic indicators help in



developing organisational and supply chain indigatdhe strategic indicators are equally
dependent on informational and technological indisa Similarly, the causal digraph and
relationship diagram for the sub-indicators areawi®d (shown in Figures Al, A2, A3, A4

and A5 of Appendix A).

5. Results and Discussion

The outcomes from the BWM approach portray thafofimational and technological
indicators’ (0.244) and ‘managerial indicators’243) possess the extreme importance in the
CE adoption followed by ‘strategy and policy indma’ (0.210), ‘organisational indicators’
(0.171) and ‘supply chain indicators’ (0.150). Thisrroborates with the findings of
Lazarevic and Valve (2017) and Lieder and Rashtd§2. Govindan and Hasanagic (2018)
emphasised on strategy and policy-related indisatoadopt CE effectively. Among the sub-
group indicators, ‘effective information managemegstem’ (0.061), ‘availability of CE
oriented framework’ (0.055) and ‘adopting of inntiva quality practices’ (0.048) appear to
be the most critical indicators strongly affecti@§ adoption. However, ‘top management
commitment for CE adoption’ (0.042) and ‘adoptidn6®’s’ are strong facilitators for the
CE adoption process. Korhonen et al. (2018b) redothat ignorance of management
towards CE adoption and considering the adoptio®R®% on least priority may lead to
failure of the CE adoption.

The CE indicators are plotted within clusters basedtheir calculated weights. Six
indicators are found to be in a high-intensity tdustwenty-two in the moderate-intensity
cluster and three indicators in the low-intensityster. Based on the discussion with experts,
‘effective inventory management’ (OG5), ‘constanbmtoring of changing market needs’
(IT5), and ‘redesign based on customer feedbadk3]%re dropped from further assessment.
Experts suggest that although these indicatorsedaged to the CE adoption process, in the
developing nations’ economy context they posseasimfluence. These indicators must be
included after the appropriate assessment whendsyimgy CE adoption for the developed
nations. Pomponi and Moncaster (2017) indicatetl ¢ffactive inventory management has
an indirect effect on the CE adoption process. dloee, a total of 28 CE indicators are
finally considered for the CE adoption framework time developing nations’ economy
context. These indicators are taken as input ®isttond stage of the hybrid approach.

The outputs from the BWM approach are considerad@ags in DEMATEL. DEMATEL
generates causal digraphs and relationship diafpatme major group indicators and other

sub-group indicators. Among all the major groupicatbrs, managerial indicators and



strategy and policy indicators are found to bedaese indicators. These indicators help in
developing other indicators, viz. information anectinology indicators, organisational
indicators and supply chain indicators. Homrichaét (2018) indicated that managerial
indicators are strong driving factors that assigdeveloping other indicators for effective CE
adoption. Mathur et al. (2012) explained the im@oce of managerial and strategic
indicators considering the case of the Indian mactufing organisation. They further
suggest that by adopting the strategic indicatdh® practitioners can execute the
organisational indicators more easily. Geng ef24112) reported managerial indicators as the
most significant indicators for the CE adoption Mhelucidating a case from China. The
relationship diagram (Figure 4b) indicates theuefice of managerial and strategic indicators
in achieving all other major group indicators. Tdaisal digraph in Figure 4a reveals that for
effective implementation of the organisational cadors, it is required to have the strong
support of managerial, strategic and informati@ral technological indicators.

Low penetration of the following indicators redudd® success possibility of the CE
adoption, viz. ‘effective planning and managememt €E adoption’, ‘top management
commitment for CE adoption’ and ‘supportive pagation of stakeholders’. These
indicators strongly drive the other indicators. ffere, it is extremely difficult to adopt CE
without the support of top management and stakensld his is corroborated in the study of
Saavedra et al. (2018) and Whicher et al. (2018hoAg the organisational indicators,
‘adoption of 6R’s’ and ‘reduction in carbon emissistrongly drive other indicators of its
sub-group. This is corroborated in Sarkis and ZR017) when they identify 6R’s (i.e.
redesign, reduce, recycle, reuse, recover and ngfactnoring) as the most essential
component for the CE adoption in manufacturing oiggtions. Within the supply chain
indicators, ‘co-ordination and collaboration amd@ members’, ‘supplier commitment for
recyclable materials’, and ‘educating customers@&r practices’ possess a high impact on
other supply chain indicators. Accordingly, supgiecommitment to supply recyclable
materials ensures green practices in purchasisggmeand packaging (Zhu et al., 2010).

Among all the informational and technological iratirs, ‘adopting of innovative
practices’, ‘effective facility layout decision mak’ and ‘effective information management
system (e.g. I0T)’ possess a strong influence d¢wroindicators in the same group. The
results affirm that an effective information systboids a strong relation in achieving other
informational indicators. The findings of Kirchheet al. (2017) corroborate this as they
report that poor information flow within an orgaai®n can lead to a failure in the CE

adoption process. The findings reveal that withive tstrategy and policy indicators,



‘availability of CE oriented framework’, ‘rewardsid incentives for greener activities’, and
‘supportive government policies’ drive other stgateand policy indicators. Urbinati et al.

(2017) reported that the CE oriented frameworkeisponsible for its successful adoption.
However, researchers (Kirchherr et al. 2017; Gerad. 2012) suggested various frameworks

for the CE adoption process and subsequent impreneai the organisational performance.

6. Contributions and Implications

The findings from this study are equally beneficiat researchers, practitioners and

policymakers. The findings contribute to theory g@nalctice in the following ways:

* The extant literature on the CE adoption processsdat shed any light on the
manufacturing sector. This study guides the piaggtrs in the CE adoption process
within the manufacturing organisation. As the stdidgling guides them to develop
the roadmap that improves CE adoption.

» Several studies on CE indicators report a verytéthset of indicators facilitating the
CE adoption process. This study identifies 31 k&didators that influence the CE
adoption process in the context of developing matieconomy. Further, this is a
unique study that not only develops a frameworkG&r adoption but also justifies it
through a hybrid BWM-DEMATEL approach. As observadhe literature, very few
studies include multi-criteria decision-making treant for obtaining the inter-
relationship of the indicators.

* All the CE indicators cannot be implemented simnétausly. However, if the causal
relationship among these indicators is obtainedyilt facilitate practitioners and
decision-makers of manufacturing companies to [game effective CE adoption
strategies. This study explicitly examines the ehuslationship among each set of
the major group indicators and sub-group indicatbeg will assist the practitioners
and researchers to understand the behaviour afdieators.

* The identified CE adoption framework and indicatars in the context of developing
nations’ economies. However, the same indicators lm&a employed to developed
economies with appropriate modifications by consgliexperts. Hence, this can be

considered as a unique contribution in contexhéodeveloping nations.

6.1 Recommendations for the Developing Economy



Adoption of CE is comparatively easier in the depeld nations than the developing
nations. Many developing nations, such as ChindjajnMalaysia, Sri Lanka etc., are
initiating various attempts for CE adoption, butultb not achieve the success rate as
expected. Unavailability of a robust CE orientednfework has been one of the prime
reasons behind the CE adoption failures. Therefmagtitioners are recommended to obtain
support from the government. These include the gxiemin taxes, rebates and various other
incentives to the organisations adopting CE. Aeaite CE adoption will enhance export
possibilities thereby directly contributing to thation’s economy. It is further recommended
to adopt industrial ecology initiatives as this Iwhelp in improving organisational
performance and support sustainability initiativeésdoption of CE directly relates to
sustainability. Therefore, incentives for the admptof green practices and usage of
sustainable resources are recommended. Effecteseycle analysis will help in identifying

the disposal period of products, which can supporeffective CE adoption process.

7. Conclusions and Scope for Future Research

The manufacturing sector has a strong contributionbuilding nations’ economy,
especially in developing countries. This study agitg an exhaustive literature review to
identify a unique set of 31 critical indicators ifaating the CE adoption process in the
context of developing nations. Further, this stddyelops a framework for enhancing the CE
adoption process through an exhaustive analysighef indicators. A hybrid BWM-
DEMATEL approach is applied to the developed framdwto test its feasibility. BWM is
adopted to compute the indicator weights. DEMATEL. used to analyse the causal
relationship of the indicators through causal dairand relationship diagram of the major
group indicators and sub-group indicators. Thiglgtattempts to cover the CE indicators
across five major groups among which manageridgriamational and technological, and
strategic indicators emerge as strongly influenamdjcators for the CE adoption process.
The results indicate that the managerial and gfi@tadicators fall in the cause group which
facilitate the development of the effect group @adors, viz. information and technological,
supply chain and organisational indicators. Thee @dsan Indian manufacturing organisation
elucidates in understanding the CE adoption framkewahich is extremely useful for
developing nations.

Although this study elucidates the CE adoption famork through a case of a
manufacturing organisation, CE can be adopted saatiger industry sectors. Therefore, the

same framework can be employed in other businestsrseby appropriately tweaking the



input indicators. Future research can be conduittexigh a large scale survey which will
strengthen the validity of the CE indicator setstue research may adopt other decision-
support methods to examine and analyse the CEatwi& Interpretive structural modelling
(ISM), fuzzy cognitive map (FCM) and other struetuspproaches can be adopted to validate

the CE indicators and its adoption framework.

Acknowledgements: We express our sincere thanks to the experts fhencése organisation
for providing the data to perform the case analysis
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APPENDIX - A

Note: For the abbreviation of all the sub group codalithe figures of appendix please refer Figure 2.
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Research Highlights

Provide 31 circular economy (CE) indicators

Propose a framework to improve CE adoption process

Explores a case anaysis of an Indian manufacturing industry

Analyse the proposed framework through hybrid BWM-DEMATEL approach

Demonstrate intensity and inter-rel ationships among the CE indicators
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Abstract: Circular economy (CE) focuses on a circular approach to energy and material
resources, which provides economic, environmental, and social benefits for manufacturing
organisations. Adoption of CE in emerging economies would facilitate in substantial
economic growth through appropriate utilisation of energy and material resources. This
article identifies CE indicators in the context of an emerging economy. This study further
develops a framework for adoption of CE and tests it through a hybrid Best Worst Method
(BWM) and Decision-Making Tria and Evaluation Laboratory (DEMATEL) approach. The
framework is validated through an Indian manufacturing case organisation. While BWM
computes the CE related indicator weights, DEMATEL analyses the inter-rel ationship among
indicators. Disparate CE related indicators, e.g. strategic, managerial, informational and
technological, supply chain, and organisational, influence the CE adoption in an emerging
economy context. The findings reveal that the strategic and managerial indicators have the
strongest influence in developing other indicators. The causa digraph and relationship
diagram assist the practitioners in overcoming the challenges in CE adoption. The outcomes
facilitate practitioners, policy makers and researchers to draw a framework for adoption of
circular and green practices and usage of sustainable resources.

Keywords: Circular economy; Indicators; Decision-making; Sustainable operations,

Emerging economies; India.



