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Abstract: The role of the circular economy has attracted increased attention amongst practitioners and
policymakers in recent years. It has been broadly developed and applied at different levels (micro,
meso and macro) in developed countries. However, to date, the possibility of a circular economy in
Indonesia has not been widely explored or discussed by city actors. This gap in research represents
an opportunity to investigate options that may foster the adoption of circular economy principles
and practices. Which aspects of the circular economy should be of primary concern, considering
Indonesia’s current situation? In response to this question, this paper offers a systemic process of
lessons learnt as developed from the literature, identifying certain key aspects that could benefit
Indonesia. This study mapped important factors and key indicators that have been claimed to have
beneficial effects in the application of circular economy principles in cities. The authors developed a
protocol to systematize the literature review process to illustrate gaps and to provide and recommend
indicators for circular cities. These are equally applicable to the local situation in North Kalimantan,
which we selected as a showcase medium-sized city. Empirical data was collected by interviewing
different stakeholders to enrich the theoretical set of circular economy indicators. This case study
offered the opportunity to gain a more realistic understanding of what circular cities might look like
in the Indonesian situation. The findings allowed us to explore and describe the current circular
economy city-level discussion. They also provide insight and information for decision-makers and
city actors on how to collaborate to develop a framework to advance circular city initiatives.

Keywords: circular economy; circular city; Indonesia; developing country; indicators; VOS viewer

1. Introduction

Economic activities with social and environmental impacts along the value chain in
developing countries involve production and consumption patterns. Thus, transition to a
circular economy (CE) requires strategies involving both consumers (consumption phase)
and companies (production phase) to shift away from the linear use of materials and to
reorganize any discharged materials by bringing them back into the materials cycle [1].
This space offers many as yet untapped CE opportunities. The prospect is that constructing
CE measures offers much scope for cities and regions to rationalize their environmental
impact, grow new economies to help people to service their urban resource demands and,
thus, lead to the evolution of a circular city (CC).

A continuing high rate of urbanization means cities will face many hurdles in the
coming decades. The United Nations reported that in 2018 fifty-five percent of the world’s
population resided in urban areas and most issues related to high urbanization are expected
to play out in Africa and Asia, which by 2050 will host almost 90 percent of the world’s pop-
ulation [2]. Equally, over the past fifty years, the economic growth of developing countries
has occurred in big cities [3]. This stunning pace of urbanization and economic activity has
created complex challenges of resource use. This involves the production and consumption
of products/services, environmental degradation, pollution and long-term unsustainable
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land use. These facts fit perfectly with the concept of ‘modern cities” mentioned by Gi-
rardet [4]. He stressed that cities today serve as a combination of robust economic activities
and human interaction within a specific region. This has created inefficiency in production
and consumption and generated a significant rate of waste [5]. Waste management has
been a special focus for cities and their urban infrastructure, including in construction [6,7]
In many developing countries, improper city waste management systems offer a focus for
circular metabolisms, which, simultaneously, can help to increase the cities’ resilience [8].
Recently, this has become more relevant because waste generation (and its management)
can be seen as an indirect inefficiency measure within CE systems. The transition towards
CE implies the provision of a remedy to tackle such inefficiency, and its deployment can
reflect the change needed to move away from the traditional economic linear model.

Much literature in ongoing CE discussions has explored how best to assess CE. A
successful transition to a CE at city level requires a well-aligned CE policy [9]. Studies
found that China has been attempting to adopt CE as an environmental method since
2002, providing a policy paper as guidance for pilot projects in 2003. Prendeville et al. [10]
presented examples of successful CE innovation for six different developed-country cities
under the ReSOLVE framework. However, the way in which CE is translated and imple-
mented in practice in developing countries has not been widely explored [11], including
in Indonesia.

Indonesia has had an ongoing concern on waste management and technologies for
energy efficiency [12]. Measures to tackle these issues have been promoted without any
particular reference to the concept of CE (e.g., Reuse, Product labeling, Reduction). Today,
lowering waste and emissions has become a major issue in Indonesia, and a zero-waste
circular economy model is now being considered as a focus for CE adoption. It comprises
waste reduction corresponding to production and consumption, and waste handling aiming
to reuse regenerative and recovered materials. Therefore, this study considers that focus
on waste management can help cities, in particular in an Indonesian setting, to improve
their ability to function and provide better living conditions for society, as the practice
could play a substantial role in conserving and retaining important values. The more waste
generated, the more burdensome it is for Indonesian cities.

Prior to 2008, there were no specific laws directing waste management. Law No. 18/2008
on Waste Management represented an initial attempt to develop a problem-solving framework
that saw waste as a complex system, but which also could offer valuable resources and ease
the burden on landfill. Our study confirms that waste management could be one priority area
for CE implementation in Indonesia at any city level. Here, our analysis interprets a city in its
entirety as a living system with the dynamic ability to overcome the resource challenges in in
order to function well [6]. Understanding this dynamic is important in getting to know how
best to view a city in order to comprehend its structure and its urban living functions. In this
respect, we consider that the CC in this paper, in short, is laser-focused on regenerating natural
systems to reinvent urban living at the local level. It is a fitting concept for a city in Indonesia
seeking to transition from a linear economy to a CE, and thereby achieve a sustainable future.

However, experience to date suggests that few scholars have discussed CE in an
Indonesian setting. This study intends to address this gap and identify CE indicators that
could prove useful for enabling Indonesia to achieve better circularity. The discussion
starts with a review of existing CE indicators retrieved from the literature and then com-
piled based on our proposed framework. Later the discussion will address more specific
propositions that match Indonesian conditions as a starting point for CE adoption.

We formulated the following question for our research: How is a circular city perceived
and what are the relevant indicators of a CC for Indonesia? To address this question, this
study aimed to: (i) explore and visualize a map of a CC among other precedent city
concepts discussed in the literature, (ii) propose a working definition of a CC appropriate
for Indonesia, and (iii) select relevant and useable indicators for Indonesian cities as the
first stage of developing planning measures to enable a CC.
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This paper is structured as follows: Part 1 provides a general background describing
why CEs are important for developing countries, and highlights how the CE concept is
relevant for Indonesia. Part 2 covers the literature review to define CE and to show how the
concept has been synthesized to guide practices. This section also construes how Indonesia
has evolved approaches to the CE model. In Part 3, we describe the research methodology
and identify the methods applied, including how we identified the retrieved papers and
the samples for interviews. Part 4 presents a discussion of the results and assesses why
the idea of the CC has not been widely discussed in the literature. This is followed by
a discussion on the definition of CC, the available CE indicators we retrieved from the
literature, and interviews that represent the role of the CE in Indonesian cities. Finally,
Part 5 provides our concluding remarks, discusses the study’s limitations and suggests
future research.

2. Literature Review
2.1. Circular Economy as an Opportunity

The origins of the CE concept were driven by different schools of thoughts, including
those of American economist, Kenneth E. Boulding, and the ideas of Walter Stahel’s
in industrial ecology (IE) theory. In the report 'Limits to Growth’ (1972), Walter Stahel
developed the idea of closed material cycles and the need to reform the prevailing economic
model because, according to him, life would not be sustainable without such changes [13].
In parallel, the IE theory emerged, integrating ecosystems characterized by any interaction
between industrial systems and the biosphere [14]. Equally, many CE implementations
have been based upon IE and, in particular, the analysis of industrial system operation and
optimization [15].

One of the earliest CE developments was that of the Ellen MacArthur Foundation
(EMF), an organization considered to be an authority on CE theory and practices. They
proposed further vital contributions to its development involving the consideration of CE
theory as a key part of evolving restorative and regenerative economies by design, and as
contributing the highest value [16]. In principle, the basic idea behind CE is simple: a shift
away from the current linear economy—which is based on the process of take, consume
and throw away—toward an (almost) closed-loop system. It seems then that the CE model
allows subjective translation and openness; depending on how and to what extent it is
understood [17]. Therefore, it is understandable that there is no commonly accepted
definition of the CE among groups and scholars; CE-is applied in different contexts and in
ways that incorporate disparate characteristics [18].

Initially, CE was considered mostly as an appropriate tool for waste management, and
discussion was limited mostly to the 3Rs; Recycling, Reuse or Recovery [16]. Kirchherr et al. [19]
identified Recycling as the most popular component in CE (79% of CE definitions included
it), followed by Reuse (74-75% of definitions) and Reduce (54-55% of descriptions). Later
coverage broadened this to include, for instance, discussing CE theory with the 4Rs framework
(Reduce, Reuse, Recycle and Recover) while Parto et al. [20] contemplated CE theory in a waste
hierarchy. Geng et al. [21] extended CE adoption to a system perspective embracing micro,
meso and macro features. A micro-level examines the smallest level: one-on-one interaction, i.e.,
within a company or a product. At the meso-level, the level of inquiry is broader. It is typically
used to investigate the interactions between two different sides, i.e., business-to-business in
an industrial park. The macro-level refers to more large-scale integrated relationships, i.e.,
regional and city level. On the other hand, other scholars targeted a more specific and unique
strategy that was broad in scope, e.g., material efficiency, energy conservation and waste
reduction [22]. Altogether, CE is clearly now considered to be more than the mere recycling
of products. It is about retaining their value, in as much as the quality of product(s) and their
component parts allow this [23]. A plethora of initiatives implementing CE have been deployed.
Kalmykova et al. [24] reported a list of 45 CE strategies developed by different stakeholders
and at different scales. Recently, CE has emerged as a powerful tool to characterize regional
economic development strategies being more than purely an environmental strategy [25].
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Thus far, the CE agenda has been implemented primarily in developed countries, e.g.,
the Netherlands, UK, Scotland, USA and Italy [11]. Many large companies, organizations
and governments have also adopted CE as a new way forward at different levels and
scales. Amsterdam, London and Paris are among the large cities to have developed action
plans for their transition to CE in urban development. In this particular, the CE model
is applied to urban landscape design in relationship with the environment with more
focus on the changing process [26]. As most urban growth will take place in the less
developed countries, their trend of rapid urbanization needs to be further discussed and
even prioritized [27]. A case study in Brazil reported by Cole [28] identified a strong
connection among developing countries where CE offers a window of opportunity to the
entrepreneurial spirit of businesses to develop numerous social and economic benefits.

2.2. Circular Economy in Indonesia

As with other developing countries, Indonesia has started to adopt the CE concept
and, to some extent, has begun to implement the principles [29]. The available literature
explains how Indonesia has transposed the paradigm from an end-pipe solution to the 3Rs,
to Extended Producers Responsibility (EPR) and, now, to CE. Indonesia has focused on
CE activity around waste management with a view to combined implementation via the
national and local sustainability agendas.

By 2025, Indonesia is expected to generate 70.8 m tons of waste annually. This will have
a significant impact. About 60% of the waste composition is organic (38.4 m tons/year);
followed by plastic at 14% (9 m tons/year). Understandably, the Indonesian government
set a solid waste management goal in its Presidential Decree No 97/2017 that aimed to
achieve 30% waste reduction and 70% waste handling by 2025. The term ‘circular economy’
was previously mentioned in the Medium-Term National Development Plan for 2020-2024
in economic, infrastructure, and environment sector, and it will be further discussed in
the 2025-2029 term. This commitment by the Ministry of National Development Planning
has Indonesia defining three steps for a transition toward a circular economy, namely:
Action Plan, Platform, and International Partnership. This plan was established between
December 2019 and May 2020, and was launched in partnership with Denmark and UNDP.
However, in this plan CE is considered more as a tool, rather than an output with targets
to be achieved, for contributing to the UN Sustainable Development Goals (SDGs) or for
underpinning a shift to more sustainable and smart cities.

The transition to CE can theoretically benefit city populations and ecosystems by
providing better living conditions and a more healthy environment. The rise in industrial
and municipal (solid) waste threatens the city’s functioning as a living system [4]. It
also complicates how the city handles societal problems associated with ineffective waste
management. Therefore, we see that investing in a circular system of waste management
offers potential solutions with social and environmental benefits, because the circularity of
materials will retain their value if they are returned into the supply chain, thus reducing
the volume of discarded waste ending up in nature.

In terms of city classification, and in regard to Government Regulation Number 26 of 2008,
cities in Indonesia are grouped into four categories based on population size. A small city has
a population up to 100,000 people; medium cities have between 100,000 to 500,000 people. A
large city has a population of more than 500,000 people. A city with more than one million
people is considered as a metropolitan city. According to this definition, there are 98 cities and
416 regencies in Indonesia. From 98 cities, less than 20% are considered large or metropolitan
cities. This information feeds into numerous actions to shape the facilitation and acceleration of
the CE initiative, in particular those aimed at medium and small cities.

It is clear that sustained attempts and the active participation of stakeholders will be
indispensable for any CE transition in Indonesian cities. Partnerships between stakeholders,
such as the government, the private sector and rural people, are generally regarded as
one underlying condition for promoting CE, for example, in the agribusiness sector [30].
Similarly, partnership, collaboration and trust among stakeholders across the value chain
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system are denoted as critical enablers for CE transition [31]. One challenge is to devise
ways to enable and ensure trust among stakeholders to build effective collaboration that
systematically helps CE transition. For countries such as Indonesia, various enablers must
play their roles actively to stimulate CE.

3. Methodology

This study used a mixture of methods and compiled information from various
sources [32] during a desk study and interviews. The desk study started in March 2018.
Initial interviews were undertaken between September and November 2018 and refreshed
again in June-August 2020. Figure 1 presents the detailed research design process consist-
ing of an inclusive literature review. The inclusive process began with (a) an identifying
CC position among other precedent city concepts and (b) reviewing the indicators based
on the prior literature; this followed a deductive approach. Later, this was juxtaposed with
the results from the interviews to select the CC indicators (c). Hence, a complementary
approach employed the inductive method to illuminate the process in order to determine
the indicators. The sampled data created correlative information, which may be particular
for Indonesia.

==
|Repcnsfmmadawlec§ed| 1
organization in CE

$
identifying and classifiying

(macro level)

process 2

1(a) 1(b) 1(c)

Figure 1. The research design process, (a) identifying city concepts; (b) reviewing indicators; (c) selecting indicators.

3.1. Circular Cities and Other City Concepts

A qualitative research method identified different city concepts and how the notion
of the CC offers broad opportunities for discussion in terms of its scientific contribution.
Figure 1a shows how the initial identification was retrieved from Scopus using search
criteria combining the terms ‘city’, “policy” and ‘eco-city’. The term ‘eco-city’ was not
restrictive and allowed other relevant city concepts to be included. The first journal article
reviewed was that of de Jong et al. [33]. Their references yielded a snowball process of
source-gathering. De Jong et al. [33] discussed an inclusive approach because they included
diverse city concepts, whilst other scholars mostly attempted to explain a particular city
type/concept. This process led to the identification of seventeen (17) different city terms:
sustainable cities, green cities, sponge cities, digital cities, zero waste cities, smart cities,
intelligent cities, information cities, knowledge cities, resilient cities, eco-cities, low carbon
cities, compact cities, liveable cities, and various combinations of these concepts; i.e., low
carbon cities, eco-cities and ubiquitous eco-cities.

To facilitate the full functioning of cities, the concept must go beyond isolated policy,
as it must reconcile and manage the trade-offs between the environmental, social and
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economic aspects. Hence, as seen in Figure 1a, a new search emerged in this review, based
on the combination of 17 city concepts alongside other terms, i.e., ‘city’, ‘environment’,
‘social’, ‘economy’ and ‘policy’. To increase the chances of capturing the greatest number
of papers discussing CE and resilience, we also included the terms ‘circularity’, ‘circular
economy’ and ‘resilience’ as being helpful to retrieve relevant literature dealing with
CE initiatives. The elaboration of the term ‘resilience’ is important to capture literature
concerning cities seeking transition from linear economies to a more sustainable future.

Although several studies have attempted to classify and define city concepts, as yet, it
has been difficult to find a definite consensus on what those city concepts entail [33]. For
this reason, we intended to identify the position of CC amongst the most discussed terms
in the literature from a qualitative standpoint and gather its indicators. This process aimed
to uncover the propositions being compared to other city terms and why CC has not been
frequently raised in the literature.

We only selected articles in English, from the period 2000-2019, which contained
the selected terms in their abstract, title, or keywords. The start year (after 2000) was
considered appropriate given the first example of CE being engaged in policy that year [10].
The search generated 750 results. The paper was then structured using the software VOS
viewer version 1.6.15 to assess and visualize different city concepts.

3.2. Reviewing CE Indicators for Cities

The next process was to identify the indicators for CE in cities from the literature and
interviews. Of 750 papers retrieved, we then analyzed 114, based on the specific terms
‘circular economy”’ and ‘indicators’. The literature helped to ascertain the ways in which
CCs were perceived in CE discussions.

Hence, to abridge the process and synthesize CE indicators, the qualitative analysis
restricted itself to the 114 papers retrieved from Scopus and combined these with the
organization reports that did relate to CE and CE indicators. Within the process, the
selected indicators mentioned by acknowledged organizations front-running experts in
CE (i.e., EMF, PBL, EC, and EASAC) were included for the compilation of indicators. The
aim was to confirm and enrich the information gathered on CE indicators based on their
circular experiences and practices, as presented in Figure 1b.

The results were scrutinized and compiled according to the macro-level (i.e., city and
region). In defining the level, we focused on macro indicators and synthesized the selected
literature (including from the acknowledged practices) at macro-level. Hence, we excluded
the rest of the literature, which did not correspond to the discussion. The themes are based
on the three elements of the city as a living system (economic, social and environment).
These themes are not isolated from one another, and CE rests on the basic idea they are
equally important. However, in any implementation mode, there is a tendency to focus
on specific areas. This study later identified the sub-theme of ‘environment’ as a focus for
Indonesia. However, given the wide variety of indicators that emerged from the articles,
the following process later juxtaposed this information with the findings obtained from the
interviews (see Figure 1c).

3.3. Selecting Indicators for Indonesian Cities

The next process was to validate and select the indicators from the previous sections
from the perspective of respondents (Figure 1c). The aim was to identify the main priorities
for cities when beginning to transition to CC. Respondents mainly from Tarakan and Bulun-
gan served as the sample for this study. Based on city classification, Bulungan and Tarakan
represent a medium city; city types that are predominant in Indonesia. Furthermore, North
Kalimantan areas are predominantly industrial, but rely on natural resources (e.g., mining
and oil palm plantation). These industries and the growing population have led to the
long-term loss of rain forests and massive destruction to its surrounding environments.
These circumstances necessitate a thorough understanding of how CE operates. The cities
were selected based on the similarities of their characteristics (i.e., urbanity and density
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levels as well as intention of adopting CE implementation). They also have different mixed
land use (i.e., agriculture, industrial and urban areas). The characteristic of having the
intention of adopting CE was assessed based on the inclusion criteria of (i) the accessibility
of the data for this study, and (ii) self-motivation of the city representatives in initiating CE,
particularly from the industrial sectors.

The participatory interviews involved different stakeholders. Some may have sig-
nificantly influenced the assessment as they had only a casual interest in the city policy
process. For this reason, the study identified stakeholders according to their involve-
ment in city policy-making in the relevant area of study. The stakeholders’ criteria se-
lection for the case study analyzed whether they had: (i) a strong interest in city policy,
and (ii) a direct influence on the city environmental policies. They may have been organi-
zations or persons from academia, government, NGOs, community groups or businesses,
the range ensuring a broad and inclusive participation of stakeholders. They may have
been serving as beneficiaries or directly involved with policy targets in Bulungan and
Tarakan, or they may have been government officials, policymakers or people with interest
in city policy. Conversely, this process encouraged ‘cognitive rigidity” and allowed us to
obtain relevant information from legitimate interests. This study interviewed 33 respon-
dents while maintaining their anonymity. Though this number was relatively small, it
formed an initial basis for representation of the views of the city residents. The respondents
held various influential positions from managerial roles to membership of interest groups
that impacted policymaking. The participants included NGO employees (three people),
government officials (four people), company employees (14 people), academics (seven
people) and members of communities /households (five people). The interviews sought
to understand how and in which way stakeholders valued CE. However, during data
collection, in order to avoid inconsistency, we decided to exclude the household findings
due to the poor engagement of these subjects in responding to our questions. Unlike the
other stakeholders, they lacked understanding of CE and its practices. They tended to
select the first option randomly, rather than understanding the options and presenting their
own reply. In addition, the sample size (five people) was a poor representation of the total
population within the two cities. Therefore, the final number of respondents was reduced
to 28 people.

Semi-structured interviews were conducted in Bahasa (Indonesian language). Al-
though the respondents were given a list of questions, these served only as a catalyst for
an open-ended discussion where the participants could answer differently. The screening
process results (Table 1) helped develop questions about the key performances for CE
implementation, for example: “To what extent do you know about CE and how do you
operationalize it in your organization?” The respondents were asked some structured
questions, such as: ‘In the specific focus area of your organization, who should be involved
in the adoption of CE at the city scale and how shall they start it up?” Certain questions
aimed to obtain indicator information, i.e., “‘Which CE indicators have already been in
practice and how are these perceived?” and ‘What other indicators should be put into
practice for the Indonesian cities?’. The findings were then analyzed and grouped based
on themes. Maguire and Delahunt [34] considered that thematic analysis is more than just
summarizing the data, as the exercise is helpful in identifying other themes that emerge
from the respondents’ feedback of information. This type of empirical research approach
also brings a deeper understanding of real experience in practice [35].

4. Discussion and Analysis

This part discusses the city as a living system and the definition of CC among prece-
dent city concepts. It develops a working definition of CC and related indicators for
Indonesia to enable a proper evaluation of CE.
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4.1. Circular City among Other Precedence City Concepts

Cities are defined in different ways. Our observations and analysis pertaining to
urban form, economic, social and environmental conditions became the focus for the
transition to CE, whereas a city as part of an ecosystem is seen as a changing organism.
Seen as a changing system, a city is not just a congregation of emerging and heterogeneous
elements, but also a nexus in which sustainability transitions are forged and contested [36].
Accordingly, many city concepts grounded and discussed in the literature consider the city
as changing and living organism in which to embed the three pillars of sustainability; i.e.,
their conceptions of the city’s sustainability integrate the environmental, economic and
social aspects, or are characterized by at least one of those elements. In a comprehensive
analysis using bibliometrics, de Jong et al. [33] identified that policymakers, planners and
urban developers had been using different city concepts interchangeably. The identification
of various city concepts yielded specific points of view indicating the extent of the subject
matter. These outcomes were well illustrated by the VOSviewer 1.6.15 output, which
emulated such discussions of city concepts, as mentioned in the literature. The process
helped identify the positions of different city concepts, in particular CC, among the most
discussed city terms.

The identification began with the downloaded data elements from Scopus database
in the format supported for VOSviewer (csv export) following the criteria described in
Figure 1a. This culminated in 750 papers. The next step used the file to create a map
based on the text data, using the default program process. Next, corresponding with the
scoring process, a thesaurus file was generated that contained specific labels to indicate
alternatives to particular terms. For instance, the term “cities” could be replaced by ‘city’,
or near-identical terms could be combined into comparable phrasing (e.g., grouping the
term of ‘geographical information system” and ‘geographic information system” into the
term of ‘GIS’). This file could be formed for specific purposes to help develop clarity for
similar expressions. This software also defined the threshold for a minimum number of
term occurrences that resulted in 20,166 terms which, by default (60% of total terms), were
selected and calculated based on their most relevant terms. Further, from 223 selected
terms, this program also had sufficient flexibility to eliminate unrelated terms in the text
data (e.g., numbers and names of countries, such as China or Brazil). The last step created
the overlay visualization of VOS technique clustering and layout of different city concepts
based on the text data from the literature (see Figure 2).

goveggance

(Fesiligpe city)

(Gustaig@ble city)
Susuigghle ity

Figure 2. City concept network drew up by VOS viewer.
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The circle and the label of each item indicate the co-occurrence of terms retrieved from
the text data. The larger the circle and the label, the greater the weight of the item, which
indicates the importance of the item compared with those ranked with a lower weight.
The circle and label also indicate the density of the items (e.g., ‘sustainable city” as used
in the literature, is more common compared to ‘smart city’. Similarly, the discussions
on ‘governance’ and ‘resilient city” appear more densely compared to ‘eco city” and ‘low
carbon city’). The color bar on the right bottom represents the average year in which the
terms were most frequently mentioned. The different colors refer to how the terms are
clustered based on their scores. The darker the yellow color, the more recently the topic
was taken up. For instance, the term CE gathered more attention after 2016 (represented
by the light yellow color), while the compact city was widely discussed prior to 2013.
Some of the terms contain a mix of colors, e.g. ‘circular economy’, which links to ‘waste
management’. The colors demonstrate how ‘circular economy’ alone received growing
attention after 2016, while its relation to ‘waste management’ was broadly discussed in
2014. Furthermore, the arrangements also indicate relatedness between terms. The thicker
the link, the higher the positive correlation in between the two connected items. For
instance, the item ‘smart city’ is more strongly related to ‘governance’ and ‘ICT’ than the
term ‘consumption’. We also note that the words ‘circular economy’ have almost the same
strength of link to ‘consumption’ and ‘waste management’. Also, ‘green city’ shows a
comparable connection to ‘carbon emission” and ‘water resource’, which exhibits a close
relationship between the uses of those items in scientific discussions.

Thus far, Figure 2 shows that the term “sustainable city” has become the most dis-
cussed topic. Other city concepts that were also spotted were ‘compact city’, ‘low-carbon
city’ and “eco-city’. However, this study identified that although CE emerged in the map,
the results confirm the premise that, compared to other city terms, CC was not widely
mentioned, which indicates a greater need for its discussion. The results indicate a certain
degree of consilience between CC and the most-cited city concepts, and show that there is
a thin and often blurred dividing line between various city concepts as discussed in the
literature. This may indicate that the concept of CC highlights the interaction between sys-
tem components in changing environments whilst comprising a regenerative system, and
the diverse ability of natural systems to remain productive and promote social well-being
and economic prosperity. The results of this literature review may provide a strong starting
point for this study to discuss CE in terms of the CC scope introduced earlier, and may
contribute to CC discourses for Indonesian cities.

4.2. Identifying CE Indicators for Cities

This study identified multiple possible indicators based on the selected literature
(Figure 1b—process 1) and organization reports (Figure 1b—process 2) to assess CE perfor-
mance during its implementation (Table 1). The indicators, which come with different tools
and methods, are necessary for evaluating, monitoring and improving various policies and
programs [37]. The literature proposed CE indicators such as resource output, resource
consumption, integrated resource utilization and waste disposal/pollutant emission, either
for the macro and meso level. Giljum et al. [38] suggested embedding a lifecycle perspective
in resource measurement systems at a national, sectoral or product level.

EC [39] also suggested a list of CE indicators, namely Eurostat indicators consisting of,
e.g., recycling rates involving total municipal waste per capita or the amount of waste per
GDP output. Similarly, Di Maio et al. [40] mentioned resource efficiency as an indicator for
CE. However, to ensure its widespread usability, indicators should comply with commonly
accepted criteria, such as comprehensive and complementary coverage, policy relevance,
ease of communication, product lifecycle, avoidance of double counting, ability to mea-
sure on different scales, and compatibility and consistency with the national accounts
system [41]. Bocken et al. [42] regarded CE as more adaptable to the sustainability panacea,
while Geissdoerfer et al. [11] considered CE as a condition for achieving sustainability.
Korhonen et al. [25] envisaged that CE offered new concepts compared to sustainability
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science, by stressing the importance of retaining the value and the possibilities of a sharing
economy to achieve sustainable production—consumption.

As a living system, a city requires simultaneous integration of its environmental,
economic and social aspects. However, this study uncovered visible gaps in the integration
of the social aspect. The CE tenets mean that, until now, CE has been more discussed in
association with its economic and environmental aspects [43]. Ritzen and Sandstrom [44]
considered CE from the perspective of material lifespans and the closing of the product
lifecycle. Shmelev [45] suggested paying more attention to economic and environmental
measures, rather than taking all three dimensions into account, as these aspects could
provide more significant results compared to social indicators.

This study aimed to cover all social, economic and environmental CC indicators. This
ensured sufficient real-life relevance, in particular, for developing countries (including
Indonesia). It also reconfirmed that the environment and social aspects are just as sig-
nificant as the economic elements, and thus, it is essential to explore a fitting range of
social indicators. This study also noted that there were many ways to portray and mea-
sure social aspects for cities, e.g., people at risk of poverty, severely materially deprived
people, employment, early school leavers [46], ethnic minorities [47], and inequality [48].
Geng et al. [37] also suggested including the degree of public awareness and participation,
the employment rate and environmental justice issues. In this respect, the breadth and
scope of the UN SDGs are useful for ensuring proper integration of the three pillars.

Following the process in Figure 1b, we compiled in Table 1 a list of indicators identified
by different scholars and described in the indices. These were then classified and organized
under the level and themes we proposed. The literature shows many conceptions of the
theme indicators (e.g., EMF, Eurostat, EU directives). We identified that some are related to
one another and could be grouped under similar themes. For the environmental theme, we
adopted, from Geng et al. [21], the environmental classifications of land, water and energy.
This corresponds well with the Indonesian situation and its main environmental challenges.
In addition, classification should link directly with policy to drive change and meet the
focus of securing sufficient resources in long-term planning. For this reason, we also added
another critical element (i.e., pollutant) as a primary indicator for the environmental sub-
theme. This is desirable for cities targeting their emissions and carbon footprint. Simplicity
in grouping sub-themes is important to highlight critical pinch points in order to assess CE
performance and provide a starting frame for CCs in Indonesia.

Despite the existence of a wide range of CE indicators, they come with limitations,
in particular for CE assessment. Geng et al. [37] identified that, in practice, CE still
experienced a lack of dimension for direct social indicators, industrial symbiosis indicators,
business indicators, absolute energy/material reduction indicators and prevention-oriented
indicators. As to the volume of waste per unit of material consumption (one CE indicator),
EASAC [50] recognized that it may be difficult to compare it between countries at the
macro level, especially for developing countries where data availability is a problem. In
response, we tried to establish general categories of indicators and their units of analysis
by assigning indicators to allow comparisons. A large number of indicators can be applied
at the macro-, meso- and micro-levels. However, the Indonesia situation is in the early
stages of preparing to host CCs. We did not intend to adopt and compare all indicators
or to bring in a new set of indicators. The object herein was to identify and select general
indicators that are needed for the city level in Indonesia as a starting point, and to discuss
them under the themes of environment, social and economics.
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Table 1. Summary of the proposed indicators at the macro level compiled from the literature (author’s compilation).

e s Author(s)
Level Classification Indicator Adoption Description and Unit of Analysis
(Theme) Scopus Reports
ReSOLVE (Regenerate, Share, Encompassing CE strategies identified as knowledge development,
Macro (City) Optimes, Loop, collaboration platforms, business support schemes, procurement and EMEF [16]
Virtualise, Exchange) infrastructure, regulatory framework, and bottom-up initiatives
Environment Resource consumption — Energy .consumption (standc?\rd coal) per industrial value-added Geng et al. [26]
(Energy) — Per capita energy consumption (standard coal) (tons/year)
. — Energy consumption/unit GDP

Environment Rate of Resource 8y pu . .

(Energy) consumption — Energ}{ consumption/industrial Va.luejadded. . Geng et al. [37]
— Per unit product energy consumption in key industrial sectors

Environment — The share of ren.evaables % '

(Energy) Natural resources — Energy productivity Potting et al. [49]
— Energy dependence

Environment Resource output rate — Output of main mineral resource Geng et al. [37]

(Energy) — Output of energy

Environment — Direct water use

(Water) — Water consumption per industrial value-added Geng et al. [21] Potting et al. [49]
— Water consumption per capita (m3/year)

Environment Waste treatment B I,ital indufstrial \./v.astelzwater discharge laimed icipal ggig Z: Z}' %;}'

(Water) and reclamation — e rate o .mumqpa wastewater tr.eatment / reclaime municipa g - 197);
wastewater/industrial water reuse ratio Su et al. [19]
— Water used per unit GDP
— Water used/ industrial value added

Environment = Pe%‘ un.lt produFt’water consumPt.lon in key industrial sectors Geng et al. [37] EASAC [50]

(Water) — Irrigation coefficient of water utilization

— Water exploitation index
— Water productivity
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Table 1. Cont.

g e Author(s)
Level Classification Indicator Adoption Description and Unit of Analysis
(Theme) Scopus Reports
— Recycling rate % (including municipal waste)
— Recycling of e-waste
: — Secondary resources generated from recycling process i .
E t . Suetal. [19 EASAC [50];
(VI\};Z;; men Recycling rates (RRs) — Waste ge.:nerated excluding .major mineral V\{aste per GDP . Gltler?ga:et 5[11. 337]; EC [39] [501
— Generation of waste excluding major material waste per domestic
material consumption
— Food waste
— Per capita municipal waste generation (kg/yr)
— Landfill rate of waste
— Recycling rate of all waste exgludir}g major mineral waste EASAC [50];
. . — Safe treatment rate of domestic solid wastes Gengetal. [21]; .
Environment (Land) Waste discharge - e EC [39];
— Recycling rate for specific waste streams (overall Geng et al. [37];

Potti t al. [49
packaging/plastic/wooden/e-waste, biowaste/construction and otting et al. [49]

demolition/paper/rubber/iron scrap, recycling rate of
non-ferrous metal

Environment (Land)

The integrated resource
utilization rate

— The rate of industrial solid waste reclamation/ Recycling rate of Geng et al. [21];
industrial solid waste Geng otal [37]’
— The amount of industrial solid waste for final disposal & '

— CO; emissions

Environment - — CO, consumption footprint EASAC[50];

(Pollutant) GHG emission — GHG emission per capita Potting et al. [49]
— Direct GHG Emission (CO, production and CO, emission)

Environment National Qregnhouse Gas — %ncluding GHG embodied in Giljum et al. [38]

(Pollutant) (GHG) emissions — imports and exports

Social oo —Percentage of job Potting et al. [49];

—Behavior indicator EASAC [50]
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Table 1. Cont.

e e Author(s)
Level Classification Indicator Adoption Description and Unit of Analysis
(Theme) Scopus Reports
Social Circular jobs % of total employment Efggg e{’;g} 149
Economic Circular value added Percentage of value added Potting et al. [49]
— Resource productivity
. . o EASAC [50];
Economic Economic growth — % GDP Potting et al. [49]
— DMI
Economic Green growth CE related business activity EASAC [50]
Economic employment — Self-sufficient resource Potting et al. [49]
3 3 3 — Gross investment in tangible goods
e Private investment, jobs and Pizems el EC [39]
gross value added
— Value added at factor cost
Macro (Region)  Environment Material 1r.1put/ material including material embodied imports and exports Giljum et al. [38]
consumption per country
Resource consumption — Energy consumption per unit GDP Geng et al. [37]
Environment(Water) ~ Water footprint including water embodied imports and exports Giljum et al. [36]
— including land embodied imports and exports
— Built-up areas
Environment(Land)  Actual land use — Productivity of artificial land Giljum et al. [38]

— Direct land use
— % of cultured land
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4.3. Proposed the Indicators for Indonesia

This study presents indicators based on findings from the literature (Table 1) and
interviews with Indonesian participants. While there may have been a marked difference
between the two sources, they did not necessarily contradict each other. In fact, they rather
complemented each other. There is a lack of availability of practical field data. Therefore,
rather than seeking detailed and rigid indicators for CC, this study focused on general
features, particularly in the nexus within waste management ( for instance, energy, water,
emission and land pollution). In this initial stage, the indicators can help to simplify an
adequate selection of indicators to establish priorities for CC in small and medium cities
and allow the comparison of measurements from one city to another.

The study set out to gain a good understanding of how and to what extent the 28 re-
spondents perceived CE. We found most stakeholders understood this term as embracing
sustainability, and they tended to use the terms interchangeably. The results indicated 60%
of respondents were unaware of the term and definition of CE. Less than 20% of them
had heard about the concept of CC. However, some stakeholders have already started
applying some CE initiatives across their production processes without necessarily naming
their approach as CE, and, for some industries, the 3Rs have been practiced for some time
already. There are no accurate numbers of total waste-pickers, waste picker cooperatives
and middlemen in the study areas, although they have been incorporated into a waste
system, particularly for recyclable waste (i.e., plastics, cans and some inorganic materials).
Composting is also a more widespread practice for household communities, which may
reduce the volumes of organic waste generation.

To validate the information and identify what priorities for starting CE in cities,
about 93% of the samples confirmed that improving waste management systems will very
likely become the main strategy for circularity, and an initial step in assisting Indonesia to
operationalize CE. This finding aligns with Ferronato et al. [51] who mentioned that waste
management should remain a key focus for developing countries.

The average amount of waste generated per capita in Indonesia is about 0.7 kg of waste
per day [52]. This probably underestimates the substantive quantity in practice. Communi-
ties customarily resort to open dumping as they face a lack of temporary waste storage.
As such, the actual amount of waste generated could be higher than that documented as
passing into landfill. The lack of supporting facilities is clearly a major hurdle to overcome
(e.g., segregation, temporary storage of municipal waste, transfer, and transport waste
facility, and management landfill). The findings support the assertion of Nizami et al. [8]
that the main obstacles that hinder people from achieving sustainable waste disposal are
associated with limited allocated budgets, awareness, infrastructure and maintenance
facilities. Given Indonesia’s current state, it is reasonable that waste management should
become the starting point for CE. However, to solve these challenges, action cannot be left
solely to the government. Stakeholder participation is a vital factor in CE practices.

Indonesian central government has focused on transforming waste into resources by
issuing Law 32/2009, following Law 18/2008 on solid waste management. In support of
this policy, the Ministry of Public Works and Housing also issued Regulation No. 03/2013
regarding the implementation of infrastructure and facilities for handling household waste
and household-like waste. Further, central government also passed Government Regulation
No. 81/2012 on Environmental Protection and Management as a basis for Indonesia to focus
on waste. Considering these policies, our findings identified that the focus areas of CE in
waste management in Indonesia consist of waste reduction and waste handling. This draws
on many important factors, such as (i) the inefficiency of consumption and production
that lead to environmental pressures; (ii) perpetual economic problems; and (iii) rapid
population growth. We further developed our CC working definition to suit Indonesia
situations in particular. The aim was to provide a bigger picture and help Indonesia to
specify achievable and measurable performances aiming for circularity. The definition is as
follows: “A defined area within a regenerative economic system, with far-reaching regional strategic
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development that continuously sustains the ability of natural systems to remain productive and
diverse, functions at a defined level of social well-being and that implies economic prosperity’.

We referred to our working definition of CC to determine ways forward for CC for
Indonesian cities, and which indicators should be taken up to evaluate its performance.
This definition highlights the engrained and entwined nature of the economic, social and
environmental aspects. It identifies features that could support Indonesia to adopt CE
and facilitate progression of its sustainable development agendas. It also considers the
salient points of the system parameters, stressing its ability to evolve and sustain natural
resources and negotiate agreement between the economic and social facets. The system
parameters may be viewed as the scope (i.e., area of implementation), and scales (i.e.,
macro, meso, micro), depending on the level of adoption. Herein, in the case of a city, the
relevant scale is the macro level. The inclusion in the definition of the natural system’s
ability to remain productive and diverse underpins the necessity for the city to continue
sustainable economic growth at an accelerated pace commensurate with social benefits and
a full outreach to people.

The working definition and the diverse indicators shown in Table 1 allowed us to select
some that were appropriate to the conditions in the two cities (i.e., data availability and
feasibility) and then to verify these via in-depth interviews (Table 2) where stakeholders
could opt for at least one high-priority indicator and offer up other advisable indicator(s)
as applicable. Our approach highlighted the importance of stakeholder participation in
determining the indicators, as they had a better understanding and knew what kind of
metrics, instruments and measurement were available in practice in their locality. It also
allowed for stakeholders’ foci and priorities to vary for CE, as these can obviously differ
from place to place.

Table 2. Perceived indicators for CE (stakeholders’ perspective).

Number of Selections Quantity
Pillars (Theme) and Selected Indicators :
NGOs Industry Government Academic  Total %
Economic
Job creation in CE chain 2 1 1 3 7 25
Green investment 2 1 2 4 9 32
Material productivity 2 2 14.2
Local people involvement 3 1 1 4 9 32
Social
Awareness 3 5 4 7 19 67.8
Community health 1 2 2 4 9 32
Education inclusion 2 5 7 25
Gender involvement in business 1 1 2 3 7 25
Environment
Energy
Energy per consumption per capita 1 10 1 3 15 53.6
Energy per consumption per sector 1 8 1 3 13 46.4
Renewable energy consumption per capita 1 7 2 4 14 50
Renewable energy consumption per sector 1 4 2 3 10 35.7
The volume of municipal waste generated per capita 2 7 4 7 20 714
The volume of industrial waste generated for disposal 3 8 3 7 21 75
Recycling rate of municipal waste 2 8 1 6 19 67.8
Recycling rate of industrial waste for specific waste stream 2 10 2 7 21 75
Total food waste generated per capita 3 7 4 7 21 75
Water
Water consumption per capita per year 1 4 4 7 16 57.1
Water consumption per industry per year 1 6 2 6 15 53.6
The recycling rate of municipal wastewater 7 4 6 17 60.7
The recycling rate of industrial wastewater 1 6 4 6 17 60.7
Pollutant

GHG emission per capita (included CO,) 3 7 4 5 19 67.8
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However, these results did not give sufficient consideration to, or assess the effec-
tiveness of, the identified indicators. The interview findings appeared to support the
assumption of the use of general indicators inferred from the literature, which are particu-
larly relevant to the framework conditions for Indonesia. Despite the complexity, different
stakeholders and other emergent aspects in cities for developing countries, these indicators
should be measurable and able to be tracked over time detailing particular conditions.

Table 2 identifies and quantifies the general indicators under the three sustainability
pillars (economic, social and environment) categorizing them under themes (i.e., pollutant,
water, energy, and land) and equips them with their relevant unit of analysis. The environ-
mental aspects cover a wide span of indicators reflecting diverse interests and preferences
under the four themes. This approach should help developing countries navigate directly
to the most critical environmental issues. These indicators are comparable for further
analysis at any stage or level (i.e., micro, meso or macro).

The types of measurement and units of analysis used to quantify CE performance by
adopting these indicators illustrate some complexities regarding their measurability (e.g.,
level of awareness). There are also criteria that are not discernible, such as community
health. Figure 3 shows a cluster of general indicators and units of analysis deemed suitable
for cities in Indonesia to help transform them into CCs.

Social ¢

= gwareness (percentage of
engagement)

u comimunity health (percentage of
communal disease)

m education inclusion (inchusion in
education curricula)

m gender involvement in business

4 Economic

® Job creation in CE chain
(percentage)

m Green investment (percentage of
investment in green projects)

= Material productivity (percentage

social

Circular City
indicators

of value added in price level) (percentage)
m Local people involvement
(unemployment rate)
Environment
= Energy per consumption = The volume of municipal waste " water consumption per capita per B GHG emission per capita

per capita (toe/year)
m Energy comsumption per

gencrated per capita (tonfyear)
B The volume of industrial waste

year (1)
B water consumption per industry per

(kg COze)
B C0; emission (kg COae)

sector (toefyear) generated for disposal (ton/year) year (msJ
= Renewable energy = Recycling rate of municipal waste ® The recycling rate of municipal

consumption per capita (percentage of recycling rate) wastewater (percentage of recycling

(toe/year) m Recyeling rate of industrial waste rate)
u Renewable energy for specific waste stream ® The recycling rate of industrial

consumption per sector (percentage of recycling rate of wastewater (percentage of recycling

(toc/year) product produced) rate)

B Total food waste generated per
capita (kilogram/person)
Figure 3. Suggested CE indicators for cities in Indonesia and per unit of analysis.

It is a widely held view that a CE transition undergoes development as stakeholders
focus on CC discourses. This study argues that general indices could serve as a starting
point for Indonesia to allow them to focus and avoid mistranslation for CCs in implementa-
tion. Nonetheless, the proposed indicators allow for flexibility in a more specific way that is
fitting to local situations. At a later stage, the proposed indices could be either transformed
into more holistic criteria, or narrowed down into more specific criteria, depending on the
level of CC adoption.

Figure 3 shows that CE is not solely about economics, but also about people. It is
evident that CE can be helpful for Indonesia in incorporating socio-economic facets, such as
addressing concerns about social exclusion, gender and population growth, into the context
of CE. As far as the urban population is concerned, public awareness and participation are
salient. This study would be more persuasive if it accentuated the relationship between
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social indicators and urbanity. We suggest that community health and inclusive education
have a compelling role to play in urban CE development. From a gender-equality perspec-
tive, although the number of women is comparable to the number of men and, women,
therefore, have an important role to play as change agents, women's roles are concentrated
in the informal economy (i.e., family workers). These account for approximately one-third
of informal jobs in developing countries [53]. It is important to identify socio-economic
class and status, among other factors, within a community, and incorporate these as impor-
tant economic growth and social factors in providing conducive conditions for developing
the CC pathway.

Another significant dimension is economic. Many sources from the literature link cost
savings to the adoption of CE practices. However, besides potential added value measured
using material productivity, this study also briefly illustrated how CE encompasses other
specific economic benefits by strengthening green investment and job creation through
the new CE value chains (in particular for local people). CE can help make the industrial
sectors in Indonesia more cost-effective, resource-efficient and profitable, whilst reducing
the associated negative impacts of previously unmanaged waste streams. Nevertheless,
using job creation as a CE indicator is problematic, given the dearth of available useable
supporting information. However, this indicator is likely to ultimately have an important
place in assessing economic growth.

Finally, there are the environmental indicators. Increased population and the ex-
pected rapid urbanization will increase the complexity of managing local natural resources,
because higher consumption of products and services, in the long-term, affect the envi-
ronment through unsustainable land use practices, increases in greenhouse gas emissions
(GHG), and other forms of environmental pollution. In consequence, population and
economic growth must be decoupled from the traditional management of natural resources
if environmental effects are to be integrated into strategic growth plans. Ali and de Olive-
ria [54] reviewed the links between pollution and economic development and investigated
various means of transitioning towards a more sustainable CE compatible with economic
growth and focusing on reused, remanufactured and recycled raw materials, rather than
virgin material extraction and use. These aspects may bring significant changes to cities
in Indonesia.

We have indicated that environmental aspects are arguably the most critical part of CE
and should become the first priority in any CE transition for Indonesia. This is particularly
because of their significant role in, and impact on, the quality of city life and functioning.
Figure 3 describes environmental indicators, including food waste generated, municipal-
ity and industrial waste produced and recycling rate, water consumption, wastewater
recycling rate, pollution and energy consumption, while recognizing a certain degree of
connection between them. This is helpful for promoting the CE model, as it allows for an
inter- and intra- approach to achieving circularity. This can be connected to any process
within the chain at any level and/or scope. The indicators extend to more components as a
consequence of the environmental degradation already being experienced by Indonesian
cities. This context aligns with the interview results, which showed high levels of concern
among the participants about environmental aspects compared to the economic and social
aspects. The indicators can be classified into two perspectives: who (the contributors to
the environmental burden) and what is entailed (total consumption/generated). To truly
embed CE in Indonesian city operations means that focusing on those two factors becomes
salient. The contributors’ viewpoints on indicators aimed at industries and individual
consumption per head (person). Meanwhile, the perspective of what is to be contained
points to indicators directed at (i) the volume of resource consumption (i.e., water and
energy consumption, waste and emission generated), and (ii) recycling rates.

The energy theme indicators imply the need for a related awareness about the uptake
and diversifying of the energy share and expanding the use of renewable energy as part
of CCs. The pollutant section deals with GHG and CO, emissions as drivers of climate
change. By responding to increased GHG and CO,, the indicators signal the need to reverse
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current trends in their production and consumption in cities and, at the same time, help
provide the trigger for effective initiatives to tackle the challenges.

In regard to water, the focus is similar to the energy theme and is directed to resource
use (water consumption industry and per capita), and the recycling rate for wastewater,
both municipal and industrial. Perhaps the most burdensome environmental aspects are
the indicators for land, which address municipal and industrial waste. Figure 3 shows
that recycling rates may not be tractable for every industry. This highlights the need for
more specific industrial waste stream data, for instance, plastics [39]. The indicators also
explicitly respond to the problem of food waste, which is a main contributor to waste
disposal. Households, along with their ecological production and consumption, have a
stronger position in CE policy [55]. An understanding of CE concepts that is linked with
daily household activities is necessary in trying to build circularity.

We conclude that, for implementation purposes, the entire set of indicators may
initially be less amenable to servicing the different needs and types of stakeholders. When
looking closely at waste management and the driving necessity to reduce ecological impacts,
our study results offer an initial starting point for the most conformed indicators (in Table 2).
These indicators exemplify the main challenge in waste management from a CC perspective,
which is to ease the burden on landfill, viz., total food waste generated, municipal waste
(organic and inorganics) and recycling rate. In this nascent stage, a better strategy to
accelerate CE may be to first identify a city’s waste streams and any potential resources
that could be retained in the waste chain. By redefining them in this way, these efforts
would bring waste back into the production systems and maintain its value or create new
value from it.

In summary, the CC model opens up space for many ventures, innovative technologi-
cal advances, market approaches and other potential activities with stakeholders embedded
into the processes. By taking into account the fragmented polycentric governance in the
Indonesian waste management system and its intermixed regulations, this study showed
is the importance of encouraging municipalities to better engage with other stakeholders
in the waste chain, and encouraging them to have the same CE vision. Nonetheless, it is
important to note that governmental institutions alone do not determine the future of CC.
The feasibility of collaborations among many stakeholders depends on the context in which
CE operates. The role of the government is perceived as being less dominant for CE deploy-
ment, where institutionalization could shift from government to governance [56]. For this
reason, the leading role for CE action may not fall on the governments’ shoulders but rather,
as mentioned by Ribi¢ et al. [57], fall to the community, with government participation.
The role of municipality here might be merely as regulator, guaranteeing the legitimacy of
a CE transition for the city. Different stakeholders (e.g., waste pickers, households, NGOs,
business, government and civil society) should take ownership of the transition process and
be supported to do so under policy frameworks [58]. Co-evolutionary interaction among
different institution elements (e.g., regulative, normative and cultural cognitive) and its
effective implementation are necessary [59]. It is also important to identify the governance
models and the existing institutional arrangements that illustrate which stakeholder inter-
actions already occur in collaboration, and/or who could potentially collaborate in any
of the future waste system stage(s). Identifying this would offer potential opportunities
for future collaborations and point to how to build initiatives of different types and with
different roles and actions for each sector and their institutions.

However, identification alone is not enough, and it is necessary to shift from ‘setting’
to “practice’. Having recognized city waste streams and mapped its stakeholders, the next
step is to apply the tested indicators in local project implementation. This explorative
stage of piloting does not have to involve many stakeholders. It is more important that
government engages with a manageable group of stakeholders, who together can explore
ways to progress, examine and learn about the best circular business model most suited for
their circumstances.
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In summary, this paper has set out to comprehend the main social, economic and envi-
ronmental aspects of CE and propose the most useable general indicators. In practice, the
use of these may be not manageable en masse. We have suggested a start by adopting those
indicators which best conform to local situations. We have reconfirmed that, particularly
for the Indonesian context, more CC indicators need to be employed that can deal with
environmental issues and concerns rather than the economic and social aspects, and how
these best correspond with each particular set of impacts in each city. This would ensure
that each set of adopted priority indicators is relevant to the local situation. The next step
is to explore and verify them in real implementation conditions.

5. Conclusions

In general our findings show that, compared to other city concepts, the CC discourse
has not been a frequent topic in the literature. This indicates that, there are likely many
opportunities to explore CC in a broader context. Furthermore, despite some expanding
CE explorative implementation and initiatives evident in the literature in recent years, we
foresee that CC discourses may play a crucial role in fostering an immediate take-off for
CE in city policies.

For Indonesia, where CE is in its early stages, our study results have shed new light
and provide an initial descriptive and explanatory analysis by which to assess CC status
based on our proposed CC working definition. We see that CC represents a chance to do
things differently in the search for problem-solving approaches in the Indonesian setting.
Hence, as an initial step aimed at medium and small cities, a shared understanding of what
CE strategies imply and our proposed general indices can help lay the groundwork for
a broader uptake of CC. The acknowledged and simplified indices, however, reflect the
readiness of local institutions in both function and data, which becomes one of the main
challenges for small and medium cities.

Based on our showcases, we grouped general CE indicators under the three pillars
of sustainability: environmental, economic and social aspects. We concluded that social
indicators should give attention, for example, to people’s level of awareness, gender
involvement, educational inclusiveness and community health. For the economic criteria,
the important focus should be directed to employment rate, green investment and job
creation. For the environmental aspect, we clustered indicators under the four themes of
energy, land, water and pollution.

Comparing these aspects, environmental indicators have proven to be the main priori-
ties for CE in Indonesia, particularly regarding the land theme. The survey of respondents’
selections of indicators found the recycling rate of municipal waste and total food waste
generated per capita accounted for 67.8% and 75% of total participants. Other indicators,
such as recycling rate of industrial waste (75%) and the volume of municipal and industrial
waste generated, were approved at 71.4% and 75%, respectively. These results correspond
with the prevailing land degradation situation that has become one of Indonesia’s major
environmental challenges. Other environmental indicators prevalent in the survey and
reviews were energy consumption and renewable energy consumption, the volume of
waste, reclaimed waste, water consumption and recycling rate, as well as GHG emissions.
Amongst the most important findings were the transition towards CC, raising awareness
and stakeholder participation; each of which is crucial. Additionally, raising awareness
will lead to better perceptions on numerous and widespread CC initiatives.

However, there are potential limitations to the study findings. The sample size was
small and the selected case study may not represent Indonesian cities as a whole. The
study evidence suggested that data availability was the main problem for assessing CE
performance. Nevertheless, this study contributes to CE discourses by providing a general
quantified method for approaching and addressing CC for Indonesian medium and small
cities. These limitations do not prohibit us from testing and adapting the suggested
assessment framework (the indicator set) to other cities using the general construction and
baseline of the CC indicators of this paper. It also offers the opportunity to potentially
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develop a collaboration platform to serve as a guide to help Indonesia transition and follow
other countries in developing CC.

Finally, there remains the motivation to work further on CC definitions, as there is
great diversity in terms of the understanding, context, function and implementation of CC.
As indicated above, future studies might explore other cities with different contexts and
characteristics to gain a better understanding of the indicators we have developed, as well
as to explore new ones. This would necessitate exploring stakeholder’s actual motives and
how they perceive and engage in collaboration. There is also an opportunity to identify
what might be offered by, and for, stakeholders in cities.
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