Management Systems

§ sciendo

Production Engineering

in

2023, Volume 31, Issue 2, pp. 208-215

Date of submission of the article to the Editor: 11/2022
Date of acceptance of the article by the Editor: 04/2023

DOI 10.2478/mspe-2023-0022

DEVELOPING A CIRCULAR ECONOMY INDEX TO MEASURE THE MACRO LEVEL

OF CIRCULAR ECONOMY IMPLEMENTATION IN INDONESIA

Siti Afiani Musyarofah, Alva Edy Tontowi, Nur Aini Masruroh, Budhi Sholeh Wibowo
Universitas Gadjah Mada

I Dewa Ayu Agung Warmadewanthi, Arman Hakim Nasution, Gita Widi Bhawika,
Gogor Arif Handiwibowo
Institut Teknologi Sepuluh Nopember

Mohamad Khoiru Rusydi
Universitas Brawijaya

Abstract:

Circular economy (CE) is an interesting approach by many countries to address global environmental problems
while gaining economic benefits. The implementation of CE is expected to minimize the use of resources and
materials, thus contributing to sustainable development. Much literature has discussed CE assessment indicators
and their evaluation, however to date, no single indicator has been proposed that can comprehensively measure
the macro level of CE implementation. This study aims to develop a CE index to measure CE implementation at
macro levels. In addition, it provides an overview of the impact of CE implementation on the financial, social, and
environmental aspects of the economy. To this end, first, an in-depth literature review and descriptive analysis is
conducted to identify existing global CE indicators and classify them into financial, social, and environmental cat-
egories based on available primary and secondary data. Then, the CE index is constructed using a mathematical
equation by considering the CE framework, a single indicator of each aspect as a variable, and the variable’s
weighting. Finally, the CE index is applied to evaluate the level of CE implementation of CE in Indonesia at macro
level. This index is expected to be a valuable tool for measuring CE implementation and therefore improving CE

performance.
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INTRODUCTION

To fulfil their commitment to the Paris Agreement, many
countries have adopted the circular economy (CE) ap-
proach to address global environmental problems while
gaining economic benefits. The Paris Agreement was
adopted by 196 parties, including Indonesia, who aims to
reduce global warming to below 22C through binding inter-
national law agreements that highlight the threat of climate
change [1].

In general, the CE principle of CE differs from that of linear
economy, which uses natural resources to meet consump-
tion needs through production and simultaneously pro-
duces waste [2]. In contrast, CE proposes an approach to-
ward sustainable development by understanding the value
of handling natural resources to minimize resource and

materials consumption, waste generation, and other envi-
ronmental impacts [3]. Although CE has many different def-
initions, to date, no concept of CE has been globally agreed
upon [4, 5, 6]. The most used definition of CE in literature
[71is “an industrial system that is restorative or regenera-
tive by intention and design. It replaces the ‘end-of-life’
concept with restoration, shifts towards the use of renew-
able energy, eliminates the use of toxic chemicals, which
impair reuse, and aims for the elimination of waste through
the superior design of materials, products, systems, and,
within this, business models [8], with the aim to accomplish
sustainable development [9]. According to [10], imple-
menting CE can minimize the use of resources and energy
and reduce waste and pollutants in the automotive indus-
try. In addition, CE can provide more significant benefits for

© 2022 Author(s). This is an open access article licensed under the Creative Commons BY 4.0 (https://creativecommons.org/licenses/by/4.0/)



S. A. Musyarofah et al. — Developing a Circular Economy Index to Measure the Macro Level...

209

the industrial sector, such as reducing material costs [11],
and can encourage the achievement of sustainable devel-
opment goals at the global level [10].

Much literature has already discussed CE assessment indi-
cators [12]. Among them are the classification of indicators
for the CE monitoring framework in European Union (EU)
countries [4] and 55 CE indicators developed to assist indus-
trial practice, especially in the assessment of the quantity
and quality of materials [13]. In addition, a CE monitoring
framework and indicators have been designed to measure
CE progress in EU countries [14]. EU member states
adopted and developed these frameworks and indicators
to measure their CE implementation [15]. However, to
date, no single indicator can comprehensively measure the
level of CE implementation.

This study aims to address this gap and proposes a CE index
to measure CE implementation at the macro level. Besides
that, it also presents an overview of the impact of CE imple-
mentation on financial, social, and environmental aspects.
The discussion began with a literature review related to
global CE indicators, then a descriptive analysis for catego-
rizing CE indicators at the macro level according to CE as-
pects and proposing indicators for measuring CE in Indone-
sia with specific criteria. Furthermore, the CE index is con-
structed using a mathematical equation based on indica-
tors as variables in the hierarchy that has been designed.
Finally, the CE index was applied to measure CE implemen-
tation at the macro level (Province) in Indonesia.

The paper is structured as follows: Section 1 provides a gen-
eral background explaining why CE is crucial and the bene-
fits of CE to countries adopting it. In addition, it also pre-
sents gaps related to global CE measurements, which are
the focus of the objectives of this study. Section 2 reviews
the literature on approaches to developing and measuring
CE at each level. This section also presents a compilation of
existing CE indicators used to assess CE implementation at
each aspect and level. Section 3 explains the research
methodology conducted, including how we selected indica-
tors at the macro level, designed a CE hierarchy of indica-
tors, and built a CE index with mathematical equations. Sec-
tion 4 presents a discussion of the results of the CE index
measurement in Indonesia at the macro level with case

studies in 34 provinces in Indonesia and a discussion of pa-
rameters that need to be added to the CE index measure-
ment. In addition, there is also a discussion related to com-
paring measurement results using the CE index that has
been compiled with other references. Finally, Section 5 pro-
vides our concluding remarks, discussing the strengths and
limitations of this study and suggestions for future re-
search.

LITERATURE REVIEW

Different countries adopt different approaches in develop-
ing CE indicators, although they all fall within the same
scope: environmental, economic, and social. Despite these
differences, there is a need to measure progress in CE adop-
tion. CE indicators are expected to help measure the imple-
mentation of CE and can be developed into a more practical
approach starting from the macro to the micro level [16].
The macro level in Indonesia refers to CE implementation
policies at the national or regional level (such as provinces).
The meso level includes industrial networks between com-
panies in an industrial estate especially those with indus-
trial symbiosis. In contrast, the micro level focuses on single
companies, consumers, and products (Figure 1).

Macro Level
Government

Meso Level
Industrial Estate
(Eco-Industrial Park)

Fig. 1 System-level approach toward CE implementation
in Indonesia
Source: modified from [12, 16].

A framework of adaptation [17] was developed to explain
CE measurements at each level in detail and determine the
impacts of CE on economic, social, and environmental as-
pects (Figure 2).
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In this framework, at the macro level, CE is developed with
particular attention to the interaction between materials
(inputs) and the environment and the economy at the na-
tional level [17]. Meanwhile, the meso level is limited to
the production side, which involves the Eco-Industrial
Park (EIP) connected to the Industrial Symbiosis (IS) net-
work [17, 18]. EIP is an industrial estate concept that has
emerged in many countries by sharing materials and re-
sources to optimize economic and environmental perfor-
mance [19, 20]. With IS, waste from one industrial process
can be reused in other industrial processes to optimize
material and energy consumption. In addition to minimiz-
ing waste and resources, by-products from one company
can become inputs for other companies. This process can
support sustainable development that considers eco-
nomic benefits and environmental and social aspects as a
circular economy concept [21]. At the micro level, CE im-
plementation measurements are carried out to increase
the circularity of its manufacturing company systems and
collaboration with other companies through an efficient
supply chain [17].

Table 1 lists the summary CE indicators proposed at dif-
ferent levels and covers three aspects compiled from the
literature.

The table shows that at the macro level, the CE indicators
used to measure CE progress are related to regulations
and strategies that could be deployed to enhance the na-
tional economy [17], including GDP [15, 22, 23, 24],
private investment and value-added [14, 24, 25, 26], num-
ber of patents [15], jobs [14, 25, 26], and the recycling rate
of municipal waste [14, 22, 25, 26, 27]. Meanwhile, at the
meso level, the CE indicator relates to the collaboration of
groups of companies with a common goal of increasing
economic, environmental, and social efficiency. Finally, at
the micro level, the CE indicator has a specific definition
and focuses on a single aspect of CE which is intended to
assess CE in a company [17].

Based on published literature from 2015 to 2022, no pub-
lication has comprehensively developed the CE index at
macro levels. Although several CE indices have been de-
veloped, they do not yet cover all aspects of CE implemen-
tation in detail.

Table 1
Circular economy indicators to assess
the CE implementation at different level

Levels
Macro Meso Micro
Aspects

Cost savings, revenue growth,

GDP [15, 22, 23, 24] Resource effectiveness [10] gross domestic product (GDP)
[11]

Registered unemployed rate [15] Resource efficiency [28] [C;rczu;?r Economy Index (CEl)

Private investment and value . -

added Annual average growth rate of indu- Value-based Resource Efficiency

. ‘ (4, 14, 24, 26] strial added value [28] Indicator (VRE) [7, 29]
Financial

Trade in recyclable material [4, 14,
22]

The proportion of research
and development input value in GDP
[28]

Product Level Circularity Metric
(PLCM) [7, 30]

Number of patents [15]

Number of patents related

The proportion of high-tech output
value in gross industrial output value

Remanufacturing Product
Profiles (REPRO) [7, 31]

Eco-cost/Value Ratio (EVR)

materials [14, 26, 32]

to recycling and secondary raw [28]

[17, 33]

Social Jobs [4, 14, 26]

Disassembly Effort Index (DEI) [7]

Recycling rate
of municipal waste (RRMW) [4, 14,
22,26, 32]

Environment
Circular material use (CMU) rate
[4, 14, 22]

System effectiveness [34, 35]

Design method for End-of-use
product value recovery (EPVR)
[7, 36]

Circularity calculator (CC) [7, 37]

Reuse Potential Indicator (RPI)

7]

METHODOLOGY OF RESEARCH

The methodology adopted in this study has four stages.
First is a systematic literature review where literature on
CE indicators to measure CE implementation was identi-
fied. Second, a descriptive analysis was conducted by clas-
sifying the CE indicators on the financial, social, and envi-
ronmental aspects at the macro level. The proposed CE
indicators that have been applied in Indonesia were also
analyzed.

Third, a CE index was established by considering the pro-
posed framework to provide a basis for determining a sin-
gle indicator for each aspect as a variable. Next, the vari-
ables were weighted to determine the CE index. Indica-
tors with different scales and units were converted using
a deprivation measure based on the maximum and mini-
mum values. Finally, the implementation of CE in Indone-
sia at macro levels is measured using the available data:
secondary data from the government of Indonesia used.
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The selection indicators for macro level

The CE indicators suitable for application in Indonesia
were selected based on criteria such as general indicator,
comprehensive, in line with policies, easy to calculate, and
consistent with available data systems. Another criterion
used is that the CE indicators are adjusted to the proposed
CE indicators for Indonesia in a case study in North Kali-
mantan conducted by [24]. That study is relevant to the
issue of barriers to CE implementation in Indonesia. In ad-
dition, it is equipped with various expert perspectives on
the acceptance of CE indicators in all aspects. Therefore it
can be used for weighting in determining the CE index in
this study. In addition, the selected CE indicators are also
synchronized with policies related to CE in Indonesia, such
as the 2020-2024 National Medium Term Development
Plan and the UN Sustainable Development Goals (SDGs).
The long list of CE indicators initiated by [38] regarding CE
planning documents in other countries is also used to se-
lect indicators. The indicators selected as the CE index var-
iables for the macro level in this study are listed in Table
2.

To obtain the quantity (percentage) value as shown in the
far right column of Table 2, we utilized the expert data

used by [24] as the respondent in the study. These re-
spondents are relevant stakeholders in making city poli-
cies in the study area: NGO employees, government offi-
cials, company employees, and academics. All respond-
ents were interviewed semi-structured to determine their
understanding of CE and its implementation.

After the CE indicators selection, a hierarchy of the CE in-
dicators is designed to construct the CE index (Figure 3).
Six CE indicators as variables are used in developing the
CE index. The economic indicator (I1) variables consist of
two indicators: material productivity and the unemployed
rate, which are then averaged and called the value-added
economy indicator. The variable of the social indicator (12)
is the human development index which includes three
components, namely the health sector (longevity), the ed-
ucation sector (knowledge), and the economic sector (de-
cent living). The variables from environmental indicators
consist of 4 indicators, namely: energy consumption per
capita (I13), the volume of municipal waste generated per
capita to the land (14), water consumption per capita (I5),
and emission per capita (16).

Table 2
Selected CE indicators as the variable of the CE index for the macro level
Quantity
- . ercentage
Aspect Selected indicators Description (p L &
by utilizing
[24] experts)
Material productivity Percentage of value added in price level
Economic The percentage of the number of unemployed to the 46.2
Unemployed rate
total labor force
The human development index covers: (i)
. ) the health sector: | ity, (ii) the educati tor:
Social Human development index e nearn sec ormongew v, (i ) € education sector 82
knowledge, and (iii) the economic sector: (decent
living)
Energy Energy consumption Energy consumption per population in an area 536
(environment) per capita (electricity from PLN and non-PLN) )
The volume
Land of municipal waste The volume of municipal waste generated 71.4
(environment) generated per capita per population in an area ’
to the land
W W i . I
. ater ater c.onsumptlon Water consumption per population in an area 57.1
(environment) per capita
Pc?llutant Emission per capita The volume of emission per population 678
(environment) in an area (COy)

CIRCULAR ECONOMY INDEX

11 : Value added 12 : Human

economy Development Index capita

13 : Energy
consumption per

capita to the land

€

14 : The volume of
municipal waste

15 : Water
consumption per
capita

16 : Emission per

generated per capita

d W Pt

Macro Level CE

Fig. 3 The hierarchy of CE index for macro level
Source: concept development from [12].
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Designing CE index for macro level Table 4
The six indicators have different units; deprivation Rank and circular economy index score
measures are determined for this purpose. Each variable . for 34 provinces in Indonesia
is determined by the maximum and minimum values Rank Province CEl score
. . 1 Papua 0.921
given the actual value. We obtain a range from zero to one
. R . . 2 East Nusa Tenggara 0.908
using the deprivation measure, defined by the difference
bet n the maximum and minimum val [39] 3 West Nusa Tenggara 0.816
Ne Weeh CI?' jXI 'ud a, dl imu d'v uesh f'II . 4 West Kalimantan 0.791
ext, the : index |§ esigned according to the following 5 Lampung 0.790
mathematical equation: 6 South Sumatera 0.788
Circular Economic Index (CEI) = a.Ec+ B.Sc + 7 Central Sulawesi 0.778
Eg+6.Ld+ e.W P (1) )
y-Eg+38.Ld+ eWa+{.Pt 8 Nanggroe Aceh Darussalam 0.758
where: 9 Riau 0.742
a,f,v, 6, €, and { are the weights of 6 indicators, 10 Southeast Sulawesi 0.737
Ec is the average deprivation value from the economic in- 11 East Java 0.734
dicator, 12 Maluku 0.733
Sc is the deprivation value from social indicators, 13 Jambi 0.729
Eg the deprivation value from energy indicators, 14 South Sulawesi 0.728
Ld is the deprivation value from land indicators, 15 North Sumatera 0.725
. - P 16 Banten 0.712
Pt is the deprivation value from pollutant indicators. -
. . . , 17 Central Kalimantan 0.710
The weight of the variable is based on the expert's per-
. . . . 18 West Sumatera 0.705
ceived quantity (in the far right column of Table 2). The -
ioht th i 4to obtai ¢ 19 South Kalimantan 0.702
weights are then proportioned to obtain a range o. ngm- 20 Bengkulu 0.692
bers from 0to 1 (Table'3). For exam.ple, an energy |nc.||ca- n Central Java 0.688
tor (energy consumption per capita) has a perceived 22 West Java 0.669
quantity of 53.6%. Therefore, a weight of 0.142 is ob- 23 North Maluku 0.663
tained on the energy indicator in proportion to the total 24 West Sulawesi 0.661
perceived quantity. 25 Gorontalo 0.636
26 Riau Islands 0.627
Table 3 27 North Sulawesi 0.615
Weights of the indicators 28 Bali 0.601
Notation Weight values 29 Bangka Belitung Islands 0.596
o 0.122 30 East Kalimantan 0.595
8 0.217 31 West Papua 0.515
’ 32 DI Yogyakarta 0.491
4 0.142 33 North Kalimantan 0.406
E) 0.189 34 DKl Jakarta 0.383
€ 0.151
1,000
4 0.179 0300
0,800
The weighting values of the indicators were added to 0700 I I I I ||||II
Equation (1) to calculate the CE index as presented in z ::z ST
Equation (2): €
Circular Economic Index (CEI) = 0,122 x Ec + 0,300
0,217 x Sc+ 0,142xEg+ 0,189 x Ld + 0,151 x Wa + (2) 0,200
0,179 x Pt 0,100
0,000
§eszispiigsiBosEifzdssezifoisisiis
RESULTS AND DISCUSSION $883853F 353°3535:33 5335823 2 £353
. . . . . EEZ3332 2%° 237=3:2EE$322%232 gsZsIz
Measuring circular economy index in Indonesia 5% 2 13 % * EE 3 g s % 5 8 iz z83 § 3E
at the macro level (case study: Provinces in Indonesia) 4 857 S 28 E7: == % 33 g
In this section, we apply the methodology developed uE § - 3

above using available data to measure the CE index at the
macro level in provinces in Indonesia. Official sources [40,
41, 42, 43] are used to obtain the required data. Using
Equation (2), a CE index score of 34 provinces is obtained
from the six indicators representing the three aspects of
CE and given ratings are given (Table 4 and Figure 4).

Fig. 4 Circular economy index of provinces in Indonesia

Figure 5 lists ten provinces by CE index score.
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Fig. 5 Top 10 Provinces CE index for six indicators

This score can provide recommendations to policymakers
on issues that need further action. For example, the Prov-
ince of Southern Sulawesi, in 10th place, can improve CE
performance by implementing policies that aim to improve
the social aspect. This analysis not only shows the weak-
nesses but also the strengths of each province. Papua Prov-
ince achieved the highest score on the social aspect (human
development index). East Nusa Tenggara received the high-
est score on the environmental (land) aspect related to the
volume of waste generation per capita and excelled in the
environmental (energy) aspect.

If we take a closer look at the results of the CEl score in 34
provinces in Indonesia, the province with a smaller popula-
tion has a high CEl score. Even though a high CEl value indi-
cates a high degree of circularity of the three aspects of CE.
Each region seeks to take CE implementation measures, in-
cluding 9R (Rethink, Refuse, Reduce, Reuse, Refurbish, Re-
design, Recycle, Recover, and Rot). These efforts are ex-
pected to have a positive correlation with increasing CEl
values.

However, if we compare the best and worst rankings from
CEl, the Province of DKI Jakarta, which received the lowest
CEl score (0.383), has a population of 10,576,400 people. In
comparison, the Province of Papua, with the highest CEl
score (0.921), has a population of 3,393,100 people. In ad-
dition, the condition of Papua has a nature that is still pre-
served so that efforts to do CE are minimal to get a high CEl
score. Contrary to the condition of DKI Jakarta as the na-
tion's capital and a major city in Indonesia with a dense
population, it requires more extraordinary efforts to imple-
ment CE (municipal waste recycling) to get a high CEl score.
This is unfair in measuring CEl in Indonesia.

For this reason, it is necessary to have one additional di-
mension as a consideration parameter in measuring CEL.
This parameter is the gross regional domestic product
(GRDP), the total added value of goods and services pro-
duced by various regional production units within a certain
period. The GRDP of the Province of DKI Jakarta and the
Province of Papua (in rupiah units) is normalized so that the
ratio to the CEl score is then carried out. The results are
shown in Figure 6, which shows that one additional GRDP
parameter in the CEl measurement can represent the CEl

score in certain areas for the CE implementation efforts
made to increase the CEl score.

4,5
4
@ 3586
P 35 Province
23 3 of DK Jakarta
L]
€ O
2 g 2,5
© 2
= a
T O 2
£ x
]
25 15
1 Province
of Papua
0,5
! @ 0.329

0

Fig. 6 Results of normalization of gross regional domestic
product (GRDP) on the CEl score

Compared with research conducted by [26] who has meas-
ured CE composite indicators in 28 EU countries, this study
provides more information by considering the addition of
dimensions (GRDP) to reduce unfairness in assessing the CE
index with the measurement model that has been built.
The high and low results of measuring the implementation
of CE in an area without paying attention to the factors that
affect the value of the CE index will be prone to getting un-
fair values and can impact future CE policymaking. In addi-
tion, this research complements the results of a study con-
ducted by [24] who proposed CE indicators for cities in In-
donesia, where our study presents CE implementation
measurements at a more macro level in provinces in Indo-
nesia.

CONCLUSIONS

The CE is an exciting approach for many countries to re-
view. However, until now, no single indicator has been pro-
posed that can comprehensively measure the level of im-
plementation of CE that has been done. Appropriate meas-
urement of CE performance is needed to provide recom-
mendations for making well-targeted policies. This study
provides proposed solutions that can address these prob-
lems and opportunities to provide benefits from an eco-
nomic, social, and environmental standpoint at all levels.
This CE index was built through the stages of the research
method, including constructing a mathematical equation
that can be used to measure CE implementation in Indone-
sia.

In addition, the CE index that has been developed compre-
hensively can be a valuable tool for policymakers to identify
the strengths and weaknesses of CE performance at the
macro level. The advantage of this study is that the score-
board of the CE performance of provinces in Indonesia is
provided for the first time. Of the 34 provinces in Indonesia
that are measured using the CE index, the top 10 provinces
with the highest CE scores can be identified, complemented
by the strength of each assessment aspect. The CE index
provides a macro-scale measure of how EC is performing in
one region compared to another, presenting EC best prac-
tices that can be adopted for other regions. It shows the
strengths of each province's aspects and its weaknesses.
This weakness aspect can be known, which requires more
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attention to improve. By adding one parameter in the form
of gross regional domestic product, a CEl value representa-
tion is obtained, which reflects efforts to implement CE in a
region.

For future studies, the CE index can be developed and for-
mulated at the meso and micro levels to complete the en-
tire system level in CE implementation. The meso level,
which includes CE implementation in industrial networks,
such as eco-industrial parks, is recommended to be supple-
mented with a CE index calculation that describes the sym-
biotic relationship between industries within it.

ACKNOWLEDGMENTS

This research was funded by The Directorate of Research,
Universitas Gadjah Mada, Yogyakarta, Indonesia, through
the Indonesian Collaborative Research Program (RKI) 2022,
stated  in the  Notification Letter ~ Number:
1561/UN1/DITLIT/Dit-Lit/PT.01.03/2022 in collaboration
with Institut Teknologi Sepuluh November and Universitas
Brawijaya.

REFERENCE

[1] United Nation, “Paris
10.1017/s0020782900004253.

[2]  H. Meijdam, A. van A. der Hoeven, M. Demmers, and Eelco
Dykstra, “Circular Economy From Wish to Practise,” 2015.

[3] T.E.T.Dantas, E. D. de-Souza, I. R. Destro, G. Hammes, C. M.
T. Rodriguez, and S. R. Soares, “How the combination of
Circular Economy and Industry 4.0 can contribute towards
achieving the Sustainable Development Goals,” Sustain. Prod.
Consum., vol. 26, pp. 213-227, 2021, doi:
10.1016/j.spc.2020.10.005.

[4] G.Moraga et al., “Circular economy indicators : What do they
measure,” Resour. Conserv. Recycl., vol. 146, pp. 452-461,
2019.

[5] J. Cantzler, F. Creutzig, E. Ayargarnchanakul, A. Javaid, L.
Wong, and W. Haas, “Saving resources and the climate? A
systematic review of the circular economy and its mitigation
potential,” Environ. Res. Lett., vol. 15, no. 12, 2020, doi:
10.1088/1748-9326/abbeb7.

[6] R. Merli, M. Preziosi, and A. Acampora, “How do scholars
approach the circular economy? A systematic literature
review,” J. Clean. Prod., vol. 178, pp. 703-722, 2018, doi:
10.1016/j.jclepro.2017.12.112.

[71  H.S.Kristensen and M. A. Mosgaard, “A review of micro level
indicators for a circular economy - moving away from the
three dimensions of sustainability,” J. Clean. Prod., vol. 243,
2020.

[8] The Ellen MacArthur Foundation, “Towards the circular
economy Vol. 1: an economic and business rationale for an
accelerated transition,” 2013.
https://ellenmacarthurfoundation.org/.

[9] M. Saidani, B. Yannou, Y. Leroy, F. Cluzel, and A. Kendall, “A
taxonomy of circular economy indicators,” J. Clean. Prod., vol.
207, pp. 542-559, 2019, doi: 10.1016/j.jclepro.2018.10.014.

[10] R. M. Rodriguez-Gonzalez, G. Maldonano-Guzman, A.
Madrid-Guijarro, and J. A. Garza-Reyes, “Does circular
economy affect financial performance? The mediating role of
sustainable supply chain management in the automotive
industry,” J. Clean. Prod., vol. 379, 2022.

[11] M. Lieder and A. Rashid, “Towards circular economy
implementation: A comprehensive review in context of
manufacturing industry,” J. Clean. Prod., vol. 115, pp. 36-51,
2016, doi: 10.1016/j.jclepro.2015.12.042.

Agreement,” 2015, doi:

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

[21]

(22]

(23]

(24]

(25]

[26]

(27]

(28]

[29]

T.T. H. Do, T. B. T. Ly, N. T. Hoang, and V. T. Tran, “A new
integrated circular economy index and a combined method
for optimization of wood production chain considering carbon
neutrality,” Chemosphere, vol. 311, no. October 2022, p.
137029, 2023, doi: 10.1016/j.chemosphere.2022.137029.

M. Saidani, B. Yannou, Y. Leroy, F. Cluzel, and A. Kendall, “A
taxonomy of circular economy indicators,” J. Clean. Prod., vol.
207, pp. 542-559, 2019, doi: 10.1016/j.jclepro.2018.10.014.
European Commission, “Measuring progress towards circular
economy in the European Union — Key indicators for a
monitoring framework,” 2018.

A. Avdiushchenko and P. Zajag, “Circular economy indicators
as a supporting tool for european regional development
policies,” Sustain., vol. 11, no. 11, 2019, doi:
10.3390/su11113025.

S. Vanhamaki et al., “Bio-based circular economy in European
national and regional strategies,” Int. J. Sustain. Dev. Plan., vol.
14, no. 1, pp. 31-43, 2019, doi: 10.2495/SDP-V14-N1-31-43.
F. Kusumo et al., “A Framework to assess indicators of the
circular economy in biological systems,” Environ. Technol.
Innov., vol. 28, 2022.

C. Castiglione and A. Alfieri, “Supply Chain and Eco-Industrial
Park Concurent Engineering,” IFAC-PapersOnLine, pp. 1313—
1318, 2019.

H. A. Abu-Qdais and A. I. Kurbatova, “The Role of Eco-
Industrial Parks in Promoting Circular Economy in Russia: A
Life Cycle Approach,” Sustain., vol. 14, no. 7, 2022, doi:
10.3390/su14073893.

J. Li, S. Y. Pan, H. Kim, J. H. Linn, and P.-C. Chiang, “Building
green supply chains in eco-industrial parks towards a green
economy: Barriers and strategies,” J. Environ. Manage., vol.
162, pp. 158-170, 2015, doi: 10.1016/j.jenvman.2015.07.030.
G. Herczeg, R. Akkerman, and M. Z. Hauschild, “Supply chain
collaboration in industrial symbiosis networks,” J. Clean.
Prod., 2017, doi: 10.1016/j.jclepro.2017.10.046.This.

M. Busu and C. L. Trica, “Sustainability of circular economy
indicators and their impact on economic growth of the
European Union,” Sustain., vol. 11, no. 19, 2019, doi:
10.3390/5u11195481.

J. Potting, M. Hekkert, E. Worrell, and A. Hanemaaijer,
“Circular economy: Measuring innovation in the product
chain,” PBL Netherlands Environ. Assess. Agency, no. 2544, p.
42,2017.

J. Nurdiana, M. L. Franco-Garcia, and M. A. Heldeweg, “How
shall we start? The importance of general indices for circular
cities in Indonesia,” Sustain., vol. 13, no. 20, 2021, doi:
10.3390/su132011168.

G. Moraga et al., “Circular economy indicators: What do they
measure?,” Resour. Conserv. Recycl., vol. 146, pp. 452-461,
2019, doi: 10.1016/j.resconrec.2019.03.045.

A. Garcia-Bernabeu, A. Hilario-Caballero, D. Pla-Santamaria,
and F. Salas-Molina, “A process oriented MCDM approach to
construct a circular economy composite index,” Sustain., vol.
12, no. 2, pp. 1-14, 2020, doi: 10.3390/5u12020618.

M. Vutd, M. Vuta, A. Enciu, and S. I. Cioaca, “Assessment of
the circular economy’s impact in the EU economic growth,”
Amfiteatru Econ. J., vol. 20, no. 48, pp. 248-261, 2018, doi:
10.24818/EA/2018/48/248.

H. Zhao, H. Zhao, and S. Guo, “Evaluating the comprehensive
benefit of eco-industrial parks by employing multi-criteria
decision making approach for circular economy,” J. Clean.
Prod., vol. 142, pp. 2262-2276, 2017, doi:
10.1016/j.jclepro.2016.11.041.

F. Di Maio and P. C. Rem, “A Robust Indicator for Promoting
Circular Economy through Recycling,” J. Environ. Prot. (Irvine,.
Calif)., vol. 06, no. 10, pp. 1095-1104, 2015, doi:



S. A. Musyarofah et al. — Developing a Circular Economy Index to Measure the Macro Level... 215

(30]

(31]

(32]

(33]

(34]

(35]

10.4236/jep.2015.610096.

M. Linder, S. Sarasini, and P. van Loon, “A Metric for
Quantifying Product-Level Circularity,” J. Ind. Ecol., vol. 21, no.
3, pp. 545-558, 2017, doi: 10.1111/jiec.12552.

P. Zwolinski, M.-A. Lopez-Ontiveros, and D. Brissaud,
“Integrated design of remanufacturable products based on
product profiles,” J. Cleane, vol. 14, 2006.

M. Vutd, M. Vuta, A. Enciu, and S.-I. Cioaca, “Assessment of
the circular economy’s impact in the Eu economic growth,”
Amfiteatru Econ., vol. 20, no. 48, pp. 248-261, 2018, doi:
10.24818/EA/2018/48/248.

A. E. Scheepens, J. G. Vogtlander, and J. C. Brezet, “Two life
cycle assessment (LCA) based methods to analyse and design
complex (regional) circular economy systems. Case: Making
water tourism more sustainable,” in Journal of Cleaner
Production, 2016, wvol. 114, pp. 257-268, doi:
10.1016/j.jclepro.2015.05.075.

Y. M. B. Saavedra, D. R. Iritani, A. L. R. Pavan, and A. R. Ometto,
“Theoretical Contribution of Industrial Ecology to Circular
Economy Yovana,” J. Clean. Prod., 2017, doi:
10.1016/j.jclepro.2017.09.260.This.

V. Vabuolyté and M. Burinskiené, “Evaluation of industrial
parks efficiency for sustainable land use,” in 17th

Siti Afiani Musyarofah

ORCID ID: 0000-0002-1552-3010
Universitas Gadjah Mada
Yogyakarta, Indonesia

Ministry of Industry

Jakarta, Indonesia

e-mail: siti.afiani.m@mail.ugm.ac.id

Alva Edy Tontowi (correspondent author)
ORCID ID: 0000-0002-1083-8961
Universitas Gadjah Mada

Yogyakarta, Indonesia

e-mail: alvaedytontowi@ugm.ac.id

Nur Aini Masruroh

ORCID ID: 0000-0003-0171-7620
Universitas Gadjah Mada
Yogyakarta, Indonesia

e-mail: aini@ugm.ac.id

Budhi Sholeh Wibowo

ORCID ID: 0000-0002-0448-8045
Universitas Gadjah Mada

Yogyakarta, Indonesia

e-mail: budhi.sholehwibowo@ugm.ac.id

(36]

(37]

(38]

(39]

(40]

(41]
(42]
(43]

International Collogium Suistanable Decisions in Built
Environment, 2019, no. May, doi:
10.3846/colloquium.2019.008.

L. Cong, F. Zhao, and J. W. Sutherland, “A Design Method to
Improve End-of-Use Product Value Recovery for Circular
Economy,” J. Mech. Des., vol. 141, no. 4, pp. 1-10, 2019, doi:
10.1115/1.4041574.

IDEAL&RCO  Explore BV,  “Circularity
http://www.circularitycalculator.com/.
Ministry of National Development Planning, “Policy and
Application of Circular Economy in Indonesia in Supporting
Low Carbon Development and Green Economy.” 2022.
United Nations Development Programme (UNDP), Human
Development Report 1990. New York Oxford University Press,
1990.

Statistics Indonesia, “Indonesia Environmental Statistics,”
2022.

Statistics Indonesia, “Indonesian Economics Report,” 2022.
Sansuadi and R. C. Nugroho, “Electricity Statistics,” 2022.
Ministry of Environment and Forestry, “National Waste
Management Information System,” 2022.
https://sipsn.menlhk.go.id/sipsn/.

Calculator.”

| Dewa Ayu Agung Warmadewanthi
ORCID ID: 0000-0002-8564-6665
Institut Teknologi Sepuluh Nopember
Surabaya, Indonesia

e-mail: warma@its.ac.id

Arman Hakim Nasution

Institut Teknologi Sepuluh Nopember
Surabaya, Indonesia

e-mail: arman@mb.its.ac.id

Gita Widi Bhawika

ORCID ID: 0000-0002-3419-4048
Institut Teknologi Sepuluh Nopember
Surabaya, Indonesia

e-mail: gita@mmt.its.ac.id

Gogor Arif Handiwibowo

ORCID ID: 0000-0002-0203-7726
Institut Teknologi Sepuluh Nopember
Surabaya, Indonesia

e-mail: gogor@mmt.its.ac.id

Mohamad Khoiru Rusydi

ORCID ID: 0000-0002-4872-5479
Universitas Brawijaya, Malang, Indonesia
e-mail: khoiru.r@ub.ac.id



