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ABSTRACT KEYWORDS
The study surveys circular economy (CE) theoretical building blocks, Circularity; sustainability;
conceptualisation, and practical implementation within the supply reduce; repair; reuse; recycle

chain. A narrative review synthesises the knowledge and maps
research in the CE field. There are six major building blocks: waste
management, industrial ecology, bioeconomy, cradle to cradle,
green supply chain management, and product-service system.
The paper examines their role and their overlapping activity within
the supply chain. This study also generates a database containing
43 circular strategies, based on different stages in the supply chain.
Each strategy is marked by its contribution towards CE, such as
resource conservation, narrowing the loop, slowing the loop, or
closing the loop. The database can assist actors to implement
possible circular actions and policy makers to formulate supportive
legislation. This study contributes to the contention of CE and its
implementation.

Introduction

The conventional linear model of industrial development called ‘take-make-dispose’ is
becoming irrelevant. We urgently need to implement a new economic model, viz., the
circular economy (CE). This linear model entails resource losses throughout its product
life cycle. About 21 billion tonnes of materials consumed during manufacturing are not
physically included in the products; and only 40% of waste is reused, recycled or
recovered [1]. McKinsey [2] predicted a yearly economic gain from CE practice in
Europe of about €0.6 trillion for primary resources and €1.2 trillion for non-resource
and externality benefits by 2030.

Boulding in 1966 posed the question of CE, concerning economic growth and
environmental quality [3]: the ‘spaceman economy’. It was defined as an economy in
which the earth has become a single spaceship, without unlimited reservoirs of anything,
either for extraction or for pollution, and in which, therefore, man must find his place in
a cyclical ecological system which is capable of continuous reproduction of material form
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even though it cannot escape having inputs of energy. The model also advocated reducing
throughput, resulting in less production and consumption.

There is a rapid growth in studies of CE. Google Trends showed low interest in CE
until 2013, and the search has consistently increased until now. On the scientific side, the
search for the CE term on Scopus has resulted more than 4800 articles in 2021 which
covered a broad spectrum. It was reported that CE played an important role throughout
a product life cycle, and was a condition for sustainability [4]. Other implied that CE is
about phasing out waste, focusing on the end-of-life (EoL) management [5]. These
examples show that CE can mean many things because of pre-existing concepts that
provide circular ideas. These pre-existing concepts may confusingly overlap.

Moreover, previous studies rarely discussed the practical implementation of CE.
Hence, this paper considers these problems concerning CE conceptualisation and prac-
tical implementation. One objective is to contribute towards CE conceptualisation based
on it being essential within the product life cycle. Another objective is to assemble various
strategies to implement CE in different product life cycle stages. These two aims can be
achieved by the following research questions (RQ): i. What are the main building blocks
of CE? ii. What are the contributions of the CE building blocks to the product life cycle?
iii. How can circularity be approached on a practical level?

Material and methods

A narrative review was used in this study. It is intended for subjects that have been examined
in diverse ways by researchers within different fields [6]. It offers a general view of the
literature, the conceptualisation of new studies, or the re-conceptualisation of established
research [7]. A narrative review can synthesise current knowledge, map a research field, and
generate a timeline for a research topic [6]. Narrative review can act as a summary of studies
offering a relatively comprehensive overview of the knowledge in that area [8].

The methods section for narrative review can help to make clear the main message of
the review [8]. The study started with a pre-literature search to help formulate the
objectives. The researchers formulated the RQs and then searched the Scopus database,
since it has a wide coverage of journals, including natural science, social science, and
interdisciplinary fields, including CE topics. There is a robust exporting feature [9]. The
terms used to search the literature were related to the objectives of this study and
Boulding’s ‘spaceman economy’, such as ‘circular economy’, ‘circular economy AND
closed loop’, ‘resource flow’, ‘circular economy AND resource flow’, ‘closed loop supply
chain’, ‘material flow’, and ‘waste management’.

The next step was article screening to select relevant articles. The screening process
was conducted by applying inclusion criteria (language, type of article, subject area,
number of citations), followed by abstract screening focusing on history, other pre-
existing concepts, relevance to the product life cycle, and practical implementations.
Using citation numbers as inclusion criteria has drawbacks since relevant articles can be
excluded. Hence, a manual search was applied based on the relevant knowledge and
references found in the articles. Next, the researchers gathered, assessed and synthesised
articles on the concepts and practical implementations. The results will be characterised
as CE building blocks (Section 3), CE conceptualisation (Section 4), and CE practice
within the supply chain (Section 5).
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CE and related concepts
Waste management

Waste management concerns activities related to waste control in order to protect the
environment and human health, and conserve resources [10]. The approach is guided by
the waste management hierarchy, an agreed list of desired activities, prioritising waste
prevention [11]. This list identifies the most suitable option in managing waste that will
result in the most ecological environmental outcome. Waste hierarchy emerged to
replace open dumping that have led to land scarcity, hygiene issues, and toxicity [12].
Later, the waste hierarchy changed. Waste, once considered to be unwanted matter, is
now regarded as a resource. The new model incorporates the cascade principle, in which
economic value is considered when managing waste [13]. Cascading based on environ-
mental and economic considerations aims for the spaceman economy by avoiding waste
disposal in the first place and maximising its potential through reuse in the production
process.

Even so, the implementation can be hampered by compromised benefits or unsup-
portive policies. Compromised benefit can be shown by recycling, which should be
prioritised before energy recovery and landfilling, but has its own consequences.
Transport from the collection point to the processing facility can be costly, and product
disassembly may require an energy intensive process or use of toxic chemicals, resulting
in higher overall environmental impacts than incineration [14]. From a policy stand-
point, a policy that fails to clarify some terms (e.g. what is considered waste or a by-
product) can lead to difficulty in applying a certain measure such as a failure to reuse
certain materials directly in the industrial process because the legislation requires certain
treatment before it goes back into the process [15]. If the benefit of following the waste
hierarchy is uncertain, environmental life cycle costing (ELCC) can be applied and the
results can assist decision-making [16].

Industrial ecology

Industrial ecology (IE) is an economic model not isolated from other surrounding
systems; it interacts with the biosphere and should be compatible with the natural
ecosystem [17]. It covers the fields of industrial ecosystem, industrial metabolism (IM),
industrial symbiosis (IS) [18]. The term ‘industrial ecosystem’ itself was conceived by
Frosch & Gallopoulos [19]. They argued that industries needed to optimise material and
energy, and use waste as raw material for other processes. They recognised that an ideal
industrial ecosystem is not attainable but shifting towards this principle can reduce
environmental impacts. Their views appeared at about the time that an alternative to
the end-of-pipe approach was thought necessary. IE was meant to combine the end-of-
pipe approach and waste prevention in a comprehensive approach.

Industrial ecology and industrial symbiosis are two terms that are used inter-
changeably. Li [18] stated that IE encompasses a broader notion, with IS being
one of its parts. IS discovers ways to create a network of knowledge to enable the
physical exchange of materials, by-products, and energy within geographic proxi-
mity to support higher levels of closed-loop ecosystems [20]. Although it is not
possible to end waste completely, this exchange will reduce the sum of waste since
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part of it will be input for others. The Eco-Industrial Park (EIP) is an example of
IS implementation that exploits geographical proximity [21]. It is formed through
a top-down approach from the government or a bottom-up initiative from indus-
trial consortia. Mo Park et al. [20] maintain that the top-down approach begins
with government supports in the form of regulation or finance, whereas a bottom-
up initiative occurs organically because businesses just interact with one another
on the basis of economic advantage.

Bioeconomy

The bioeconomy - or the biobased economy- is economic activities that use
renewable resources, including converting the resources and waste into value-
added products [22]. Some scholars argue that economic growth is the priority
in the bioeconomy, making it a challenge to promote social and environmental
issues [23]. The bioeconomy comprises the use of biobased materials for food,
feed, fuel, and pharmaceutical sectors, including multi-output production process
and use through a cascading approach [24].

Although transitioning into a bioeconomy can provide economic benefits, the
process poses some challenges. These include competition in using certain biomass
for different purposes, translating research into scalable processes, creating viable
business models, and creating socially accepted products [23]. To achieve
a sustainable bioeconomy, principles of safeguarding, avoiding, and prioritising
should be implemented [25]. Safeguards call for production processes that will
not exceed the regenerative rate of a renewable resource and the availability of
finite resources. Avoiding refers to the prevention of the production of nonessential
products and the loss of biobased material [25]. Innovation is a prerequisite to
ensuring that biobased material can be used entirely, e.g. biorefineries to avoid loss
through multi-output production. Prioritising optimises the use of biobased
resources and guides the production towards resolving the competition issue,
where one resource can produce multiple products. Priority should be given to
basic human needs, high-value products, and sectors with no sustainable alterna-
tives [25,26].

The bioeconomy could contribute to a near closed-loop system through biorefineries
and the cascade principle. It helps with resource limitation by using renewable materials
and eliminating environmental risk once the material is returned to nature. Nevertheless,
the need for additional energy can increase sharply and toxic substances can accumulate
after cascading processes [26]. Considering the use of more sustainable energy sources
and monitoring the output of products and by-products to ensure the optimum of overall
outputs are essential. Muscat et al. [25] raised concern about food-feed-fuel competition,
highlighting the importance of new metrics capturing resource and waste efficiency for
the entire bio-based system, including a clear definition for the concept.

Cradle to cradle (C2C)

The cradle-to-cradle (C2C) was developed based on the natural system’s intelligence to
break the conflict between the environment and economic growth [27]. The natural
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system refers to regenerative biological systems where almost all waste goes back into the
system as input [28]. Two systems keep material in the loop: biological metabolism and
technical metabolism [27]. Biological metabolism returns the materials from products to
the environment through diffuse pathways. The products are produced from renewable
sources and become nutrients in producing new resources. The technical system recir-
culates non-renewable materials within the industrial system and become raw materials
in manufacturing new products. The materials are repeatedly used in the technical cycle
showing a reduced quality, and they finally flow back to the biological system [27].

Unlike eco-efficiency, which aims for ‘less bad’ with the main objective situated in the
economy, C2C aims to balance economic, environmental, and social goals as triple top
lines aiming for ‘more good’ practice [28]. It has three main principles: waste equals food,
using clean energy, and celebrating diversity [27].

e ‘Waste equates to food” aims at closing the loop through recirculating nutrients in
other product life cycles. C2C focuses on designing a system where the waste output
becomes an input in the other process.

¢ ‘Using clean energy’ is interpreted as consuming energy that can be regenerated
such as wind, geothermal, photovoltaic/solar, hydro, and biomass. Currently, total
dependence on renewable energy is still not possible since the supply can only
provide intermediate-load [29].

o ‘Celebrating diversity’ mimics a natural ecosystem with various organisms. It could
improve the system’s resilience by avoiding one-size-fits-all solutions and designing
products and systems based on local environments, cultures, and economics [30].

The cradle-to-cradle shares the closest characteristics with CE; some researchers use the
terms interchangeably [31]. C2C also aligns with the Boulding principle of having
a continuous cycle within the system. The drawbacks of C2C are the narrow focus on
upcycling and waste elimination, which might not be relevant to all industries [32]. It also
focuses on using infinite renewable energy sources and it seems to neglect the question of
energy efficiency [30]. The renewable energy capacity is still insufficient; therefore, not
considering efficiency can lead to higher energy consumption than the existing practice
[30]. Moreover, Bjorn & Hauschild [33] reported that some composites could not be
separated thermodynamically or require huge energy, increasing the impacts of unne-
cessary recycling processes. Additionally, assuming that biological nutrients are funda-
mentally good is misleading [34].

Green supply chain management

Green Supply Chain Management (GSCM) originates from supply chain management
and environmental management [35]. Supply chain is a network of actors involved in the
movement of services, products, finances, and information to customers on both the
upstream and downstream [36]. Mentzer et al. [37] distinguish between supply chain and
supply chain management. They argue that the supply chain is an existing phenomenon
in business, but supply chain management (SCM) is managed deliberately by actors in
the network. SCM is a holistic strategy in synchronising traditional business functions
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with inter-functional coordination within a company and inter-corporate coordination
within a supply chain to improve the performance of every company [36].

GSCM emphasises balancing the economy and the environment [38]. In the GSCM,
environment is an integral part of each stage in the supply chain, covering design,
material sourcing, manufacturing, transportation, consumption, and EoL [35].
Government regulation, company initiative, consumer awareness and supplier require-
ments are the main drivers of GSCM, and reverse logistics (RL) can bridge collaboration
between company and supplier [39]. The RL implies a backward logistics flow from the
point of discarded products. The combination of forward and reverse logistics practices
will promote the system to close the loop [40].

The major feature of GSCM and SCM is the network built among all actors. Supply
chain network is rather complex, giving an actor a few different roles, e.g. a company can
be a supplier and customer at the same time [36]. Inter-functional and inter-corporate
coordination in the GSCM is the key in closing the loop through RL [40]. The basic flows
in RL consist of four different processes [41].

¢ Product acquisition/gatekeeping. The products from end-users are acquired to be
processed further in the next RL stage or repaired and returned to the customers.

¢ Collection. Acquired products that are not returned to customers are transferred to
the collection facility.

¢ Sorting and inspection. Collected products are sorted based on the inspection result
of their appearance and condition.

¢ Disposition. A decision is made whether the sorted products will be reused or
disposed of. Reuse options include repair, reuse, remanufacturing, and recycling.

Some elements in the GSCM overlap other CE building blocks. Waste hierarchy is part of
RL where the use of discarded products is optimised. Additionally, the broad coverage of
GSCM that begins from the design phase correlates with C2C, where design plays a major
role in ensuring that the products can be recirculated in biological or technical cycles.

Product service system

Product service system (PSS) is ‘a mix of tangible products and intangible services designed
and combined so that they are jointly capable of fulfilling final customer need’. [42]. The
ideal PSS is that the business provides functions for the customers, so that they do not
need to own the product [43]. Service-oriented firms are paid to provide a service
through the products so that they have the incentive to prolong the product lifespan,
thus ensuring that the products are used intensively. The value proposition emphasises
service delivery instead of ownership [37]. This approach allows companies to shift
towards circularity by minimising throughput.

PSS can be grouped into four categories: product-oriented service, use-oriented
service, result-oriented service [43].

¢ Product-oriented service relies on product sales, complemented with added service.
The environmental benefit comes from prolonging the product’s life through
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maintenance to reduce materials and energy consumption. Examples of product-
oriented services include maintenance contracts or take-back agreements.

e Use-oriented service. The provider owns the product which is intensively used
through sharing or renting. The benefit is from the efficient use of materials and
energy since fewer products are needed (e.g. car-sharing system or laundrettes).

e Result-oriented service sells the ‘results’ to the consumers. This model requires the
company to develop a new way of function fulfilment (e.g. delivering a ‘pleasant
atmosphere’ instead of air conditioning equipment).

Shifting to a complete service-system presents challenges for the consumer and business.
It requires a cultural shift since society attaches status to the ownership of goods [42].
Business also faces challenges such as cultural inertia, where the current business already
provides profit, difficulty assessing the trade-off between environmental and economic
saving, and lack of regulatory support [44].

Toward CE conceptualisation and definition

The concepts mentioned in the previous section embed the idea of a closed economic
model. They have their own but intermeshed features, and they build a new broadly
independent concept now known as CE. The breadth and novelty of CE allows it to build
links between independent concepts. It is an umbrella concept: a notion or idea applied
lightly to incorporate and account for various phenomena [45]. An umbrella concept can
draw a relation between pre-existing concepts that were initially unrelated by converging
on specific, shared characteristics. Not only does the definition of the umbrella concept
suit CE, but its trajectory also started with the period of excitement [45]. This period
marked the early days after the concept was coined. Scholars, policy makers, business,
and other stakeholders were excited by the prospect of CE to fill the knowledge gap in
maintaining economic growth without risking the environment. The CE concept, at
present, seems to be under pressure from a new consumerist ideology [45].

Many researchers have started questioning the theory and practice of the CE concept.
The absence of a consistent definition can lead to difficulties. It creates confusion in
academic and political discussions that may affect national governments, hesitating to
incorporate CE into their national policy [4,46]. It can also delay the transition to an
ecological future: the premise brought about by CE is promising, but the lack of clarity of
the concept, guidelines and examples, deter businesses from making a shift towards
circularity [31].

Circular economy throughout the product life cycle

CE building blocks have their own distinctive features and serve accordingly along the
product life cycle. This study synthesised these features and showed how practices can
contribute towards CE. These characteristics include resource conservation, narrowing
the loop, slowing the loop, and closing the loop [37,47] - to use the language of Bocken
et al [37]. Resource conservation ensures sufficient resources for the future and mini-
mises the environmental impacts [48]. Narrowing the loop refers to resource efficiency,
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Figure 1. CE building blocks related to resource flow in a circular product life cycle (IE: industrial
ecology, WM: waste management, BE: bioeconomy, PSS: product service system, GSCM: green supply
chain management, C2C: cradle to cradle).

slowing the loop deals with resource prolongation during the consumption stage, and
closing the loop recirculates the resources back into the supply chain [37].

Figure 1 shows the interaction and role among CE building blocks regarding the
resource flow throughout the product life cycle. As the CE building blocks overlap, the
implementation of one concept will result in the indirect implementation other concepts.
Example shown in the industrial ecology application in an eco-industrial park (red box in
Figure 1). Organic waste from one company flows to another company as a resource and
is transformed into valuable materials. The concept of exchanging material and energy
between industries is based on the industrial ecology principle, but waste valorisation is
a part of the bioeconomy, waste hierarchy, and C2C [26].

The diversity of the building blocks enables flexibility in implementation along the
supply chain (Figure 1). The supply chain itself can be straightforward or complex where
there are various parties, and each party has more than one role [36]. The network may
be inside one company among different functions (inter-functional) and outside one
company (inter-corporate), stretching from micro up to macro network [36]. This level
of implementation is also discussed widely in CE, where it covers three different levels,
viz., micro (individual firm or consumer), meso (eco-industrial system), and macro (city,
province, region, nation) [5].

CE enablers and definition

This study formulated four enablers: policy, research and technological development
(RTD), business model, and consumers. Each enabler is key in one or multiple product
life cycle stages. Their interaction is also essential to expedite CE.
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The lack of proper policies impedes companies that may wish to adopt environment-
friendly practices [49]. Currently, policies that support CE focus on the EoL stage to
phase out waste [50]. Nonetheless, the policies concerning waste management have
ambiguity, such as in the definition of waste and by-products or the variety of targets
throughout the waste hierarchy [20]. Combination of different policy instruments will be
needed to accelerate CE including environmental target, tax, incentive and subsidies,
ecolabelling, etc.

RTD includes the use of more advanced technology (e.g. blockchain, internet of
things (IoT), additive manufacturing, etc.) and data-driven decision-making to
improve design, manufacturing, distribution, logistics, measurement and traceabil-
ity [38]. Blockchain provides transparency and the history of product flow. IoT
and big data enable companies to optimise their processes by using sensors to
collect data and control their production lines. Nevertheless, barriers to adopt
advanced technologies may include their non-availability and the adoption lag
that may result from path dependency. Some technologies are not economically or
technically viable on a commercial scale [51]. Other barriers are high investment
costs, supply chain integration, lack of skills, resistance to change, and inability to
understand the benefits [52].

Switching to CE will require new businesses model to create, deliver, and capture
values. Six circular business models are based on product design through slowing and
closing the loop [52]. The circular business model underlines the importance of deliver-
ing performance with ownership of the products remaining with the providers instead of
selling the products [53].

e An access and performance model where the consumers do not own physical
products (e.g. car-sharing).

¢ Extending product value by recovering from products by returning to the manu-
facturer (e.g. retailer accepting clothing return).

¢ Long-life model where the companies deliver long-life products and maintenance
(e.g. durable products).

e Encourage sufficiency by delivering solutions to reduce consumption (e.g. energy
service companies).

¢ Extending resource value by recovering value through recycling (e.g. recycling used
tyre).

¢ Industrial symbiosis where residual outputs from one process becomes inputs for
another (e.g. EIP Kalundborg).

Companies should rethink the way they obtain revenue while supporting efforts to retain
products as long as possible in the consumption stage [43]. Providing reliable and
accessible service centres is also important; otherwise, buying new products will be
preferred over getting them repaired [37].

Consumers are also enablers in CE. The success of circular business model imple-
mentation relies on consumers’ response to the new model. Ownership is still highly
valued. Information about how the new business model works should be readily acces-
sible [43], while consumers can still opt to reject the product in the form of service and
choose the conventional model, i.e. ownership.
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This study defined CE as a regenerative economic model focusing on resource flow
and management through the use of renewable resources, resource efficiency, prolonging
resources at the consumption stage, and recirculating resources from discarded products
into the value chain, enabled by research and technology development, the business
model, consumers, and policy.

Circular economy practices throughout the product life cycle
Circular practices and their related circularity characteristics

Numerous circular practices have been implemented even before the term CE was
coined. Table 1 summarises these circular approaches that showed CE characteristics
defined in Section 4.1, viz., resource conservation, resource efficiency (narrowing the
loop), prolonging the resource life span (slowing the loop), and recirculating secondary
resources into the production process (closing the loop). The ‘approaches’ refer to
circular practices that can be adopted by actors, whereas ‘characteristics’ are types of
circular contribution within supply chain.

This research described six product life cycle stages: raw material sourcing, product
design, manufacturing, distribution, use, and EoL management. These stages are suitable
for classifying the approaches (Table 1) since they cover the whole phases of resource or
material flow, and are distinct stages. Moreover, they are considered common in the
product life cycle [31]. The approaches, found in the literature, were various practices
that can contribute towards CE through resource conservation, narrowing the loop,
slowing the loop, and closing the loop.

Table 1 is a database to guide actors in understanding CE and its practical actions
where suppliers, manufacturers, transporters, consumers, and waste companies create
ecosystem. Approaches to CE may vary with the organisation. Bigger organisations with
more resources may implement multiple approaches. Smaller ones can start with one
approach. This database could also assist policymakers to identify CE implementations
that have not been supported sufficiently by the policies. Among 43 approaches in
Table 1, the circular characteristics of resource conservation comprised 20%, whereas
narrowing, slowing, and closing the loop constituted 26%, 26%, and 28% of the practices.

The higher proportion of closing the loop indicated the close connection between
waste management and CE. It could result from the long history of waste management
implementation, including its waste hierarchy system. Waste management continues to
evolve through different principles such as ‘polluter pays’ and extended producer
responsibility where various policy instruments are employed [67].

Circular economy implementation]

It is unlikely for a system to be completely circular or non-circular. The variety of
approaches available for implementing CE demonstrates its flexibility, while highlighting
the challenge of achieving a fully circular system. Implementing a circular economy
initiative can be top-down or bottom-up. A top-down initiative is characterised by the
influence of command and control from the government. A bottom-up initiative is from
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Table 1. CE approaches throughout product life cycle.

CE approach

Product life Circularity
cycle stage Approach Description characteristics Reference
Raw material Environmental Sourcing responsibly managed raw material. 1 [47]
stewardship
Renewable Switching to renewable alternatives. 1 [24]
alternative
Green procurement  Purchasing goods or services with lower impacts. 1 [54]
Taxation Taxing limited resources to encourage the use of 1 [55]
less harmful alternatives.
Eliminate distorting  Reducing subsidies that can harm the 1 [55]
subsidies environment.
Design Design for durability Delivering durable products supported by 3 [37]
maintenance.
Design for Delivering independent parts which can be 2,3 [56]
modularity assembled, repaired and upgraded.
Design for Delivering products that can be separated to 3,4 [37]
disassembly support repair and recycling.
Prototyping and Creating prototypes and testing them to get 2 [50]
design for immediate feedback before going full scale.
feedback
Dematerialisation Reducing materials in products without 2 [57]
compromising the quality.
Production on Producing goods when demand is present. 2 [58]
demand
Life cycle assessment Designing products by considering 1 [59]
environmental impacts.
Manufacturing  Energy and material Optimisation to decrease energy and material 2 [1]
efficiency inputs.
Energy recovery Using energy waste or by-product. 4 [59]
Material recovery Using the residual value of products or material 4 [37]
from the manufacturing process.
Renewable energy  Using renewable energy. 1 [1]
Industrial symbiosis  Exchanging knowledge, material, energy with 4 [18]
manufacturers in the vicinity.
Leasing service Providing service to satisfy users’ needs. 3 [43]
Advanced Switching to advanced technology (e.g. 2 [60]
technology automation).
Cascading Converting biomass in a sequential manner to 2 [24]
optimise resource use.
Eco-labelling Voluntary practice to signify environmental 1 [59]
performance.
Distribution Route and schedule  Determining the most efficient route and 2 [61]
optimisation schedule.
Reusable packaging  Using pallets multiple times. 3 [62]
or pallets
Leasing pallets Renting pallets and leaving maintenance to the 3 [62]
leasing companies.
Use Sharing Sharing the products among users. 3 [43]
or
consumption
Leasing Accessing products without having ownership. 3 [43]
Repair and Extending lifetime by restoring to an optimal 3 [37]
maintenance function.
Reuse Extending lifetime through second hand use. 3 [37]
Repurpose Using products for a purpose other than their 3 [63]
original function.
Digitalisation Accessing products in digital form. 2 [53]
Refurbish Restoring and bringing old products up to date. 3 [64]
EoL Source separation Separating waste to optimise value recovery. 4 [65]
Dynamic waste Planning a collection based on real-time bin 2,4 [66]

collection

occupancy.

(Continued)
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Table 1. (Continued).

CE approach

Product life Circularity
cycle stage Approach Description characteristics Reference
Route optimisation  Determining the most efficient route. 2,4 [62]
Take back program  Collecting, sorting, and processing waste to be 4 [40]
manufactured.
Environmental Setting policy target to improve EoL 4 [51]
target management.
Recycling incentive  Providing incentives for recycling. 4 [56]
Location Optimising the location of disposal points. 4 [67]
optimisation
Remanufacture Using parts of discarded products for new 3,4 [64]
products with the same function.
Recycling Recovering materials to obtain the same or lower 4 [64]
quality.
Energy recovery Processing waste to recover energy. 1 [64]
Energy recovery Adjusting WtE parameter to improve efficiency. 1,2 [16]
optimisation
Cascading waste Processing biowaste in a sequential manner to 2,4 [13]

optimise value recovery.

Note: 1: resource conservation, 2: narrowing the loop, 3: slowing the loop, 4: closing the loop.

individuals, organisations or civil society who demand greener actions, products, or
legislation [47].

A top-down initiative starts with a global goal, which is specified at the lower level of
the hierarchy. Examples can be found in countries such as China, the Netherlands, and
Denmark which have formulated a national plan. China is a pioneer of top-down
initiatives with the CE promotion law and regulation of electronic waste that was
preceded by the cleaner production promotion law and the law on pollution prevention
and control of solid waste [68The Netherlands has launched a government programme
for CE to reduce the use of primary raw materials and set priorities for several sectors,
including biomass, food, plastics, manufacturing industries, construction, and consumer
goods [69]. The Danish government has developed a strategy to achieve circularity
through digitalisation, design, consumption, and recycling [70].

At local levels, the top-down initiative includes an EIP. The government supports the
EIP through subsidies and policies. This practice is common in South Korea, which has
a long history of industrial ecology. Ulsan city became an industrial cluster to boost the
economy in 1962. Later, the Ministry of the Environment imposed more stringent
regulations in response to environmental problems caused by industrial activities [20].
The response by industries was to apply end-of-pipe measures that were insufficient. The
government then required cleaner production and environmental management systems
for single companies and the entire cluster as one unit while providing funding [20]. This
symbiosis makes possible the reuse and treatment of solid waste, wastewater, sludge,
energy, boiler water, and other materials.

The bottom-up initiative focuses on more specific goals of smaller entities. The
bottom-up initiative will then be integrated into a higher-level goal or initiative.
One example is the repair café movement in the Netherlands: groups of people
with expert volunteers who helped repair everyday items [71]. This is now
common worldwide. Another example is applying the business model of access
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and performance which is applied through sharing or leasing [43]. Companies
transitioning to provide services instead of selling their products may face con-
sumer resistance. On a larger scale, the bottom-up initiative can also be found in
EIP. This park formation may arise when different industries are close to one
another e.g. the industrial park in Kalundborg, Denmark in the 1960s.
A symbiosis occurred because of the need of companies that another nearby
companies could fulfil. Later, other companies entered into agreements to
exchange energy and materials when they realised the economic gain to be had
from this arrangement [21].

Top-down circularity can create significant change through effective policy. It
provides straightforward guidelines and unified goals because the initiative is cen-
tralised. Nonetheless, the framework from a top-down initiative can be difficult to
translate to lower-level organisations with limited resources leading to unrealistic
expectations. Since a bottom-up initiative is decentralised, any initiative that starts
with the concerned parties tend to be more realistic, because it will be adjusted to
their vision, resources, and capabilities. If, however, such an initiative is not aligned
with the central authority’s goals, the government will not support it. Nonetheless,
these two types of initiatives are not mutually exclusive and can assist the transition
towards CE.

Conclusion

This paper aims to contribute to CE implementation by identifying its building
blocks, characteristics, enablers, and role in the resource flow throughout the
product life cycle. The synthesis of CE from pre-existing concepts that intermesh
makes it an umbrella concept that helps to connect diverse ideas. Here, we define
CE as a regenerative economic model focusing on resource flow and management
through the use of renewable resources, resource efficiency, prolonging resources at
the consumption stage, recirculating resources from discarded products back into the
value chain, enabled by research and technology development, business model,
consumers, and policy.

A database tool has been developed to assist CE implementation. The database
contains 43 circular approaches covering different stages of the supply chain. The
specific circular contributions, such as resource conservation, resource efficiency
(narrowing the loop), resource prolongation (slowing the loop), and resource recir-
culation (closing the loop), were determined for each approach. The research findings
have shown that closing the loop was the most common circular contribution
throughout the supply chain.

This study has some limitations in both method and topic. A narrative review lacks
systematic literature selection that could result in a biased outcome. Improvement can be
applied by conducting systematic reviews covering a similar topic or using this study to
navigate topic selection within the CE area. Future studies can expand similar research to
understand the role of CE building blocks by incorporating specific products or systems,
such as plastic or nutrient cycles. The applicability of the database can be tested by using
real cases from different sectors.
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