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A B S T R A C T
The circular economy has the potential to increase resource efficiency and minimize waste through
the 4R framework of reducing, reusing, recycling, and recovering. Blockchain technology is currently
considered a valuable aid in the transition to a circular economy. Its decentralized and tamper-
resistant nature enables the construction of transparent and secure supply chain management systems,
thereby improving product accountability and traceability. However, the full potential of blockchain
technology in circular economy models will not be realized until a number of concerns, including
scalability, interoperability, data protection, and regulatory and legal issues, are addressed. More
research and stakeholder participation are required to overcome these limitations and achieve the
benefits of blockchain technology in promoting a circular economy. This article presents a systematic
literature review (SLR) that identified industry use cases for blockchain-driven circular economy
models and offered architectures to minimize resource consumption, prices, and inefficiencies while
encouraging the reuse, recycling, and recovery of end-of-life products. Three main outcomes emerged
from our review of 41 documents, which included scholarly publications, Twitter-linked information,
and Google results. The relationship between blockchain and the 4R framework for circular economy;
discussion the terminology and various forms of blockchain and circular economy; and identification
of the challenges and obstacles that blockchain technology may face in enabling a circular economy.
This research shows how blockchain technology can help with the transition to a circular economy. Yet,
it emphasizes the importance of additional study and stakeholder participation to overcome potential
hurdles and obstacles in implementing blockchain-driven circular economy models.

1. Introduction
The linear economy paradigm is currently one of the largest
problems on Earth. The linear “take, make, and dispose”
economy is generating increased price volatility, supply
chain risks, and growing pressures on resources (Macarthur,
2015). The only thing that moves from extraction to process-
ing to assembly of the finished product are raw materials
(Michelini, Moraes, Cunha, Costa and Ometto, 2017). By
using only raw materials for value creation, the difficulties
and detrimental effects of the existing economic paradigm
are expected to double in the next 20 years (Macarthur and
Cowes, 2019). As a result, researchers, policymakers, and
business leaders are considering a new economic model
in light of the economic losses, structural waste, supply
and market risk, excessive resource use, and loss of natural
systems that are reflected in this linear model (Macarthur,
2015). Therefore, the concept of circular economy (CE) is
gaining considerable attention. A circular economy is one
that is designed for the restoration and regeneration in mind
to maintain the usability and worth of goods, parts, and
materials at all times recognizing the differences between
biological and technological cycles at times. Thus, CE can
be essential for achieving environmental sustainability.
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In a recent literature review, authors in Lobo, Hofmann, Liu,
Yang and Mascarenhas (2021) identified 24 key barriers to
achieving CE. With the advent of Industry 4.0, blockchain
technology (BCT) may provide a solution to some of these
obstacles. The use of blockchain to enable the circular econ-
omy has yet to be demonstrated. This is an area of study,
and only a small number of industries have been utiliz-
ing this. Researchers proposed numerous "R" frameworks
for constructing CE, including the 3R (Ghisellini, Cialani
and Ulgiati, 2016a), 4R (Sihvonen and Ritola, 2015), 6R
(Yan and Feng, 2014), and 9R (Potting, Hekkert, Worrell,
Hanemaaijer et al., 2017) (explained in Section 2.2). The
approach that best illustrates how CE operates is the 4R
(reduce, reuse, recycle, and recover) framework (Kirchherr,
Reike and Hekkert, 2017). This paper’s emphasis is on the
4R framework-based, blockchain-driven CE.
Blockchain’s decentralized, distributed ledger architecture,
traceable, and tamper-proof characteristics can have a sig-
nificant role in achieving the above 4R framework-based CE
(Narayan and Tidström, 2020). Reuse, reduce, recycle, and
recovery have all been linked to the blockchain, according
to a number of authorsKhadke, Gupta, Rachakunta, Mahata,
Dawn, Sharma, Verma, Pradhan, Krishna, Ramakrishna
et al. (2021b) Rejeb, Zailani, Rejeb, Treiblmaier and Keogh
(2022b). Blockchain technology has been adopted by a num-
ber of industries, which have decreased carbon footprints,
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Blockchain for circular economy

facilitated cyclical business models, enhanced performance,
and simplified communication along the supply chain, thus
supporting the circular economy (Narayan and Tidström,
2020; Upadhyay, Mukhuty, Kumar and Kazancoglu, 2021).
Authors in (Adams, Kewell and Parry, 2018) discovered that
tracking the possible environmental and social factors that
might create health, environmental, and safety hazards is a
critical application focus for Blockchain Technology.
Although blockchain has attracted a lot of interest for its po-
tential to address CE issues, there is no recent survey, review,
or systematic literature review for a 4R-based CE employing
blockchain. Hence, we carried out a thorough systematic
literature review on the potential uses of blockchain in
the circular economy. We have studied and analyzed how
researchers and businesses have used blockchain to enable
reducing, reusing, recycling, and recovering for sustainable
development and the limitations of the technology in corre-
sponding aspects.
Section 2 presents the background about blockchain and
circular economy. Research methodology is discussed in
section 3. We have analysed our findings using resarch
question in section 4. A detail discussion is presented in
section 5. Finally, we concluded in section 6.

2. Background
In this segment, we discuss blockchain and its different
aspects, the circular economy, the adaptation of the R frame-
work, and the research perspectives on these subjects.
2.1. Blockchain
Initially, blockchain was proposed as a peer-to-peer elec-
tronic currency system rather than the wide variety of ap-
plications it now sees. Despite the fact that Haber and
Stornetta were the first to introduce the concept of blocks
connected by cryptographic chains and developed a system
to prevent tampering or alteration of data recorded with
timestamps, Nakamoto introduced hash function methods to
create blocks in the chain and proposed bitcoin as a form of
decentralized electronic currency (Bodkhe, Tanwar, Parekh,
Khanpara, Tyagi, Kumar and Alazab, 2020). Blockchain
is now much more than just an electronic money system
coupled with the industrial and Buterin et al.’s invention
of smart contracts. Viriyasitavat and Hoonsopon defined
blockchain as,

“A technology that enables immutability, and
integrity of data in which a record of transac-
tions made in a system are maintained across
several distributed nodes that are linked in a
peer-to-peer network”.

To add a new block to the blockchain, different consensus
algorithms are used. A consensus algorithm is a way for all
peers in a blockchain network to agree on the current state
of the distributed ledger. The most common consensus algo-
rithms are PoW (Proof of Work), PoS (Proof of Stake), DPoS
(Delegated Proof of Stake), PBFT (Practical Byzantine Fault

Tolerance), and RAFT (Ferdous, Chowdhury and Hoque,
2021; Ferdous, Chowdhury, Hoque and Colman, 2020). In
a decentralized network, these algorithms improve network
security and foster trust among untrusted parties.
2.1.1. Key Features of Blockchain
According to Chowdhury, Ferdous, Biswas, Chowdhury,
Kayes, Alazab and Watters, blockchain has a number of
features that make it useful in a wide range of fields. The
features are discussed below.

• Distributed consensus on the blockchain state: One
of the most important aspects of blockchain is the
different kinds of consensus algorithms. These con-
sensus algorithms allow all of the peers to arrive
at an agreement regarding the present state of the
blockchain in a distributed manner.

• Immutable and irreversible blockchain state: The
chain state becomes immutable and irreversible when
a large number of blockchain nodes participate in
the distributed consensus process. In addition, the
immutability of blockchain is ensured through the
usage of DLT (Distributed Ledger Technology).

• Data persistence: As long as there are nodes partic-
ipating in peer-to-peer networking, data kept in the
blockchain persists.

• Data provenance: A transaction is a process of stor-
ing information on a blockchain. Every transaction on
the blockchain is signed by a digital signature, such
as public-key cryptography, in order to preserve the
data’s integrity and authenticity.

• Distributed data control: Blockchain stores and re-
trieves data via a peer-to-peer distributed ledger. As
a consequence, Blockchain has no single point of
failure.

• Accountability and transparency: Because any au-
thorized participant is able to view the current state of
the blockchain as well as any transaction that has taken
place between participants, it ensures accountability
and transparency.

2.1.2. Types of Blockchain
According to a survey on blockchain by Gamage, Weeras-
inghe and Dias, there are primarily two types of blockchain:

• Permissionless Blockchain: A permissionless
blockchain is decentralized and open by nature. This
means that any peer can join in the process of deter-
mining what blocks are added to the chain without
providing identifying information, and no one is re-
sponsible for controlling entry (Buterin, 2015). Bit-
coin (Nakamoto, 2008) and Ethereum (Buterin et al.,
2014) are instances of permissionless blockchain.

• Permissioned Blockchains: Permissioned blockchain,
as defined in (Lai and LEE Kuo Chuen, 2018), is
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a blockchain that requires its participants’ identity
authentication and authorization of network access. A
central authority gives each peer the right to take part
in writing or reading operations on the blockchain.
One of the most widely used permissioned blockchains
is Corda (Brown, Carlyle, Grigg and Hearn, 2016) and
Hyperledger Fabric (Androulaki, Barger, Bortnikov,
Cachin, Christidis, De Caro, Enyeart, Ferris, Lavent-
man, Manevich et al., 2018).

2.1.3. Smart Contracts
The idea of a smart contract has become more well-known
as Blockchain 2.0 has been developed. While Szabo first
introduced the idea behind smart contract (Szabo, 1997),
Vitalik Buterin later introduced Ethereum to realise the
concept practically (Buterin et al., 2014) in which a Turing-
complete programming language was introduced for writ-
ing code and executing smart contracts in decentralized
applications (dApps) on top of EVM (Ethereum Virtual
Machine) and Ethereum Blockchain. a smart contract is a
simple blockchain-based computer program that is executed
when specific conditions are met. It is used to automate
the process of putting an agreement into action so that all
parties involved are aware of the outcome without the need
for intermediaries or time-consuming delays (IBM). Smart
contracts store data on the blockchain as transactions. This
makes it possible for computer logic to be immutable. Figure
1 illustrates the execution processes for a smart contract.
Smart contracts are very important for private blockchain to
be functional (Lai and LEE Kuo Chuen, 2018). Industry and
businesses are creating smart contract-based applications to
utilize blockchain in the food industry, construction industry,
supply chain management, document verification, e-voting,
medical data storage, FinTech, and other areas. Figure 2
depicts how smart contracts are widely used in the industry.
2.2. Circular Economy and R Framework
Natural resource shortages will result from the current lin-
ear “take-make-dispose” economic approach. The current
economic paradigm must be redesigned and shifted to a
more sustainable model. Our surroundings are still being
polluted by the disposal or dispersion of wastes produced by
industry systems based on linear economies. A staggering
99 percent of consumer goods are thrown away within six
months of purchase, which represents a dismal failure in
the field of material recovery (J.D.Roth, 2008). Since the
late 1970s, the notion of Circular Economy(CE) has been
gaining traction (MacArthur et al., 2013). Several authors
cite Pearce, Turner and Turner as the originators of the
concept. CE has been a theoretical and practical alternative
to neoclassical economics since its inception. It recognizes
the critical importance of the environment, its functions, and
the relationship between the environment and the economic
system (Ghisellini et al., 2016a). CE defines a new approach
to sustainability and social responsibility by emphasizing the
social components of sustainability (Upadhyay et al., 2021).
Macarthur defines CE as below,

“A circular economy is one that is restorative
and regenerative by design and aims to keep
products, components, and materials at their
highest utility and value at all times, distin-
guishing between technical and biological cy-
cles.”

The concept of a cyclical closed-loop and Cradle to cradle
(McDonough and Braungart, 2010) systems are the com-
mon denominators across several authors who have linked
the term "Circular Economy" to a wide variety of themes
(Murray, Skene and Haynes, 2017).
According to the World Economic Forum (Foundation and
Company, 2014), the CE will bolster net material savings;
mitigate volatility and supply concerns; drive innovation
and job development; enhance land productivity and soil
health; and provide long-term economic resilience. Circular
business models may be a subset of “sustainable business
models” (Stubbs and Cocklin, 2008). The study of the CE
is typically divided into three themes (Sehnem, Vazquez-
Brust, Pereira and Campos, 2019):

• Innovation in technology, organization, and society
(Martins, 2016a,b) .

• Value chains, material flows, and applications specific
to certain products (Figge, Thorpe, Givry, Canning
and Franklin-Johnson, 2018).

• Tools and methods for making policy (Winans,
Kendall and Deng, 2017).

According to (Kirchherr et al., 2017; Geng, Zhu, Dober-
stein and Fujita, 2009), CE could help improve resource
productivity and eco-efficiency, reform environmental man-
agement, and realize sustainable development. As a result,
businesses are increasingly willing to adopt the concept of a
CE in an effort to use sustainable methods in the economy
(Bocken, de Pauw, Bakker and van der Grinten, 2016).
The R-framework relates to multiple techniques to embrace
circularity, known as R-strategies. Authors in (Reike, Ver-
meulen and Witjes, 2018) mentioned complex material hi-
erarchies, also known as R-hierarchies or R-frameworks, as
one of the key components of a more transformative per-
spective and evaluated and incorporated R-frameworks into
a unified systemic typology comprising 10 resource value
retention options (Rs) or R strategies. The 10Rs are Refuse,
Rethink, Reduce, Reuse, Repair, Refurbish, Remanufacture,
Repurpose, Recycle, and Recover. The majority of R-lists
define a priority order for approaches to circularity, with the
first R being more significant than the second R and so on
(Potting et al., 2017). Figure 3 illustrates a brief introduction
to 10Rs.
Researchers proposed different R-frameworks based on
these R-strategies such as:

• 3R Framework: Ghisellini et al. proposed 3R frame-
work consisting of Reduce (R2), Reuse (R3), and
Recycle (R8) (Ghisellini, Cialani and Ulgiati, 2016b)
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Figure 1: Smart Contract Execution Process.

. The framework accounts for the circular system in
which all materials are recycled and all energy is
generated from renewable sources; activities support
and restore the ecosystem and promote human health
and a healthy society; and resources are used to create
values (Heshmati, 2016). It is one of the most popular
frameworks for achieving circularity.

• 4R Framework: : Sihvonen et al. introduced the 4R
framework, consisting of Reduce (R2), Reuse (R3),
Recycle (R8) and Recover(R9) (Sihvonen and Ritola,
2015). The order of the R-strategies in the 4R frame-
work indicates the amount of resource value retained.
The higher the strategy, the more the resource value
is retained (Henry, Bauwens, Hekkert and Kirchherr,
2020). The European Union’s waste framework di-
rective is based on the 4R framework (Commission,
2008). The 4R Principle is one of the most prevalent
principles in the field of solid waste management and
sustainable development (Team, 2020).

• 6R Framework: Yan et al. presented the 6R approach,
which consists of Reduce (R2), Reuse (R3), Recycle
(R8), Recover (R9), Redesign (R7), and Remanu-
facture (R6) (Yan and Feng, 2014). This 6R frame-
work provides a closed-loop, multi-product life-cycle
system as the basis for sustainable manufacturing
(Jawahir and Bradley, 2016). Life Cycle Assessment
(LCA) can be made more comprehensive by adding
the 6R elements, and it can be used to determine
the impact or burden on the environment (Rosenthal,
Fatimah and Biswas, 2016).

• 9R Framework: Potting et al. presented the 9R frame-
work consisting of Refuse (R0), Rethink (R1), Re-
duce (R2), Reuse (R3), Repair (R4), Refurbish (R5),
Remanufacture (R6), Repurpose (R7), Recycle (R8)
and Recover (R9) (Potting et al., 2017). Optimizing
resource and product usage is the goal of the 9R
framework, which aims to create a more sustainable
manufacturing capability (Ang, Saw, He, Dong and
Ramakrishna, 2021). Using the 9R framework in ad-
vanced manufacturing, companies can achieve cleaner
production and gain a competitive advantage (Kirch-
herr et al., 2017).

These are, in conclusion, the most significant frameworks for
describing CE. The aspects of these R frameworks have been
accepted by the industry, which is currently seeking to devise
more effective ways to implement them. There are further
CE frameworks, such as ReSOLVE (MacArthur, Zumwinkel
and Stuchtey, 2015). The 3R framework does not cover the
entire material flow cycle, and the 6R and 9R are far too
sophisticated for blockchain implementation. We utilized the
4R framework in this study due to its potential blockchain
application.

3. Research Methodology
As part of this SLR, we reviewed prior research on how
Blockchain can be utilized to establish a circular economy.
Using blockchain technology, the 4Rs (Reusing, Reducing,
Recycling, and Recovering) have been studied as a means of
constructing a circular economy. Additionally, we examined
blockchain-based industries for various CE techniques.
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Figure 2: Application of smart contracts.

Table 1
Research questions

ID Research Questions

RQ1 How blockchain technology can facilitate the
Reduce in CE?

RQ2 How blockchain technology can facilitate the
Reuse in CE?

RQ3 How blockchain technology can facilitate the
Recycle in CE?

RQ4 How blockchain technology can facilitate the
Recover in CE?

RQ5 What potential drawbacks could a
blockchain-based CE pose?

3.1. Research Questions
After evaluating a significant number of research publica-
tions, we created five Research Questions (RQ). Table 1
illustrates the RQs.

3.2. Search Strategy
The ultimate purpose of the search is to identify all re-
lated studies. We utilized the PRISMA-Framework for our
research (Page, McKenzie, Bossuyt, Boutron, Hoffmann,
Mulrow, Shamseer, Tetzlaff, Akl, Brennan et al., 2021). The
inclusion-exclusion technique was adopted for archiving.
We used search strings on multiple electronic databases for
primary searching. We applied both forward and backward
citation tracing for a secondary search. The primary selec-
tion procedure is comprised of relevant keywords, literature
sources, and a screening procedure.
3.2.1. Search terms and relevant keywords:
We made several search strings and used them on online
databases to look for studies that met our criteria. Figure 4
shows the PRISMA Flow diagram,that depicts how differ-
ent research papers are sorted for this systematic literature
review. This explains how the search procedure works as a
whole. Table 2 shows the relevant keywords we used for the
search.
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Figure 3: Brief introduction of R-strategies. Source: Potting et al. (2017)

Table 2
Search terms

Number Keyword

1 Blockchain
2 Circular economy, Sustainability,

Supplychain
3 4R framework , 4R strategies
4 Reduce, Reuse, Recycle, Recover
5 Review, survey, SLR, literature review

3.2.2. Literature Sources:
During this process, we used seven different electronic
databases and a number of different search strings. Google
Scholar, IEEE, ACM DL, ScienceDirect, Springer, Willey
Online Library, and MDPI are the databases that were used.
We also looked at the name of the journal, the year it was
published, Bibliographies, the paper’s title, the number of
citations, and the link to the paper.
3.2.3. Search Process:
SLR is required to conduct an exhaustive search of all
sources that are relevant; hence, we have defined the search
process by splitting it into two phases listed below.

• Search Term Based Searching: Seven independent
web database searches were conducted. We used
search phrases from table 2 with the logical operators
"OR" and "AND," parentheses, and quote marks to
narrow our search. After retrieval, the papers were
included in a set of candidate papers.

• Reference Based Searching: The reference lists of
the relevant papers were searched for more relevant
papers and if any were discovered, they were included
in the set.

As an archival of our search results, we utilized an Excel
spreadsheet. We collected 81,422 articles from the original
search (Table 3) and 8 papers from the reference search.
3.3. Selection phase
We found a large number of candidate papers after the search
process, however, not all of them were significant to our
RQs. Therefore, we used an additional filtering selection
process which has the following two phases:

• Inclusion-exclusion based selection: Using an
inclusion-exclusion selection strategy, we were able
to pick relevant papers from our pool of candidate
papers. The materials in these papers may be
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Figure 4: Applying Prisma flow diagram in our review

Table 3
Number of sources retrieved from the digital library.

Digital Library No of result

Google Scholar 56752
IEEE 290
ACM DL 1659
ScienceDirect 12893
Springer 8295
Willey Online Library 1490
MDPI 43

Total: 81422

beneficial to our RQs. The inclusion and exclusion
criteria are presented in Table 4 and Table 5.

• Final Selection: We used some criteria to judge the
quality of relevant papers during this process. After
passing a quality check, certain papers were used to
get the data. Section 3.3.1 defines the standards that
are employed.

3.3.1. Study Quality Assessment
We made some Quality Assessment Questions (QAQs) to
make sure that the papers are of good quality. Table 6 defines

Table 4
Inclusion criteria for paper selection.

Inclusion Criteria

• Abstracts of papers written in the English language.
• Papers published following 2012.
• Papers published until June 2023.
• Publications describing CE utilizing R-framework or R-
strategies. Papers describing how blockchain can facilitate
the reuse, reduction, recycling, or recovery of resources for
the economy.
• Papers detailing the use of blockchain in various industries
that attain CE.
• Papers related to the blockchain-based sustainable supply
chain.
• If there are multiple versions of the same study, only the
most recent and thorough publication is included.
• Review or survey papers on CE.

these QAQs. We chose each paper based on how many
QAQs it meets in total. If a paper meets at least half of the
QAQs, we have picked it in the final selection of studies. In
the end, we chose 35 papers.

Abid et al.: Preprint submitted to Elsevier Page 7 of 17



Blockchain for circular economy

Table 5
Exclusion criteria for paper selection.

Exclusion Criteria

• Abstracts of papers written in other languages.
• Duplicated papers found on the online database.
• Papers that show how blockchain was used to solve
problems in the traditional economic system.
• Discussions, comments, letters from readers, and sum-
maries of tutorials, workshops, panels, and poster presenta-
tions.

Table 6
Research questions

ID Quality Assessment Questions

QAQ1 Is that paper related to enabling CE with
blockchain?

QAQ2 Is the solution good enough? Can it be used?
QAQ3 Does the solution fit into the R-framework or

R-strategy?
QAQ4 Does the solution help the industry or the

research community?
QAQ5 Is there a clear and thorough analysis of the

limitations?

4. Analysis
The collected papers have been grouped into five categories:
Reduce, reuse, recycle, recover, and others.

1. Reduce represents the studies that have discussed the
use of blockchain in the transition to CE utilizing
the “Reduce” component of the 4R-framework. This
group focused primarily on the solutions provided by
industries and researchers for reducing resource and
material consumption using any blockchain system.

2. Reuse represents the collection of studies that have
discussed blockchain for the “Reuse” component of
the 4R-framework. Specifically, these publications
have used blockchain as a solution for reusing materi-
als and resources, thus prolonging its lifespan.

3. Recycle represents the research that have been con-
ducted on blockchain for the “Recycle” component of
the 4R-framework. Articles which also considered the
resource / waste recycling options with blockchain as
the underlying technology has been placed under this
category.

4. Recover represents the collection of studies that have
discussed blockchain for the “Recover” component
of the 4R-framework. These researches have demon-
strated how blockchain might be utilized as a ledger
for waste or material recovery.

5. Others represents the collection of articles that do not
directly refer to any of the 4Rs but are beneficial to
the community. Examples inlude resource circularity,
market value development and life cycle analysis from
a blockchain perspective.

4.1. RQ1: How blockchain technology can
facilitate Reduce in CE?

To answer the aforementioned question, we analyzed various
blockchain-based solutions proposed by other scholars that
could aid in establishing the concept of “reduce” in CE.
Numerous industry use cases aiming at eliminating obsta-
cles linked with CE transition and the “reduce” idea were
identified. In addition, these solutions are being discussed.
The notion of reduce in the 4R framework attempts to
optimize resource consumption and reduce waste output.
This can be effectively implemented through blockchain.
The distributed ledger of the blockchain eliminates the need
for a third-party auditor of transactions. In addition, the
ability of a blockchain ledger to maintain an immutable,
permanent record of transactions makes the supply chain
transparent and traceable. A transparent and traceable supply
chain is more significant and circular because it reduces
waste and resource consumption.

• To reduce waste: To reduce dangerous e-waste,
authors in (Chen and Ogunseitan, 2021) have pro-
posed analyzing the entire life cycle of electronic
devices using a blockchain-based architecture. Chide-
patil et al. (Chidepatil, Bindra, Kulkarni, Qazi, Kshir-
sagar and Sankaran, 2020a) demonstrated that using
artificial intelligence and multi-sensor data fusion,
blockchain smart contracts can help us reduce plas-
tic waste. Using IBM’s hyperledger fabric, Walmart
tracked pork and mangoes along the supply chain to
ensure complete traceability and reduce food waste
associated with those products (Kouhizadeh, Zhu
and Sarkis, 2020). Kamilaris et al. (Kamilaris, Fonts
and Prenafeta-Bold�́�, 2019) mentioned Plastic Bank
(Steenmans and Taylor, 2018), a Canadian recycling
company, which was aiming to reduce plastic waste
in developing countries like Haiti, Peru, Colombia,
Indonesia, and the Philippines. Blockchain-secured
digital tokens are given to customers who bring plastic
waste to bank recycling facilities. These tokens can be
used by users of the Plastic Bank app to buy additional
goods. With 1 million participants, 2000 collector
units around 3 million kilograms of plastic waste col-
lected since 2014. Authors in (Kassou, Bourekkadi,
Khoulji, Slimani, Chikri and Kerkeb, 2021) suggested
a blockchain-based system to reduce medical waste.
They have developed a design for a blockchain-based
medical and water waste management system. Users
will receive digital tokens as rewards that can be
exchanged for different benefits. There are Echchain,
ElectricChain, Suncontract, and other platforms that
use blockchain technology to reduce waste in the
supply chain (Futurethinkers, 2017).

• To reduce intermediaries & costs: Blockchain tech-
nology has an impact on administrative control and
digital regulations. Data is stored in shared databases
in blockchain, where it is more transparent, less likely
to be deleted or changed, and immutable (Esmaeilian,
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Figure 5: A brief overview of blockchain’s cost-reducing potential.Source:Esmaeilian et al. (2020)

Sarkis, Lewis and Behdad, 2020). The blockchain’s
transparent transaction system reduces the need for
intermediaries like brokers, exchanges, and banks
(Crosby, Pattanayak, Verma, Kalyanaraman et al.,
2016). This mitigates the possibility of opportunis-
tic behavior (Saberi, Kouhizadeh, Sarkis and Shen,
2018). According to the analysis in (Kouhizadeh,
Sarkis and Zhu, 2019) analysis, the advantages of de-
centralization are increased by connecting buyers and
sellers directly and reducing transaction costs, which
can stimulate secondary market activities. Users can
exchange their services and goods directly through a
blockchain network. Blockchain technology improves
capital flow by reducing transaction costs and invest-
ment risk. Energy systems built on the blockchain
can use less electricity during long-distance transmis-
sions. As a result, there would be less need for energy
use, which would save resources and transaction costs
on the network (Saberi et al., 2018). Tushar et al.
Tushar, Saha, Yuen, Smith and Poor highlighted the
benefits of using a peer-to-peer approach to reduce
the costs of energy expenditure. Small consumers will
sell their excess energy units to those who do not
have enough to save money. The cost of networking
is reduced due to blockchain. Numerous businesses
use blockchain-based crowdfunding to support the de-
velopment of new platforms (Esmaeilian et al., 2020).
Figure 5 illustrates the reduction in cost scenarios
using blockchain.

• To reduce fraud: Cole et al. (Cole, Stevenson and
Aitken, 2019) proposed blockchain as a solution to
reduce illegal counterfeiting by disclosing a product’s

origin. They also mentioned the technology to re-
duce the cost of processes via automated systems,
enabling real-time inspection through time-stamping,
thereby reducing the complexity of the supply chain.
Kouhizadeh et al. (Kouhizadeh et al., 2020) have
analyzed the industry and businesses that have em-
braced blockchain for their products to achieve eco-
nomic circularity. They cited Toyota, which utilized
blockchain to reduce advertising fraud, and ad pur-
chases. Authors in (Alangot, Achuthan et al., 2017)
proposed developing a system to track the distribution
of drugs. In this system, Internet of Things (IoT)
devices such as barcode readers, smartphones, and
other devices scan serial numbers or RFID tags on
drug packages. They created a GDP controller that
employs blockchain technology to monitor transac-
tions and reduce fraud. In spite of the widespread
consumption of genuine Australian beef, there is a
substantial amount of fake beef on the market. Data61
of the CISRO (Commonwealth Scientific and Indus-
trial Research Organisation, an Australian scientific
research agency) employs blockchain technology to
combat this fraud (Lin, Petway, Anthony, Mukhtar,
Liao, Chou and Ho, 2017). Blockchain improves in-
formation transparency throughout the supply chain
and reduces the likelihood of data manipulation and
vulnerability to crashes, fraud, and hacking (Zheng,
Xie, Dai, Chen and Wang, 2018). Reduced fraud can
increase the supply chain’s transparency and traceabil-
ity, which benefits towards a transition to a circular
economy.
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• To reduce overproduction: Blockchain technology
can help in the reduction of overproduction by en-
abling a more effective supply chain, which will lower
the consumption of raw materials and resources and
speed up the transition to a circular economy. To
address issues in the supply chain for the fast fashion
business, Wang, Luo, Zhang, Tian and Li proposed
a system based on blockchain. The three stages of
a fashion item’s life — prior to production, during
production, and the following production — were
examined. The suggested system architecture is acces-
sible to everyone, including fast-fashion businesses,
designers, merchants, and manufacturers. Everyone
must share information, keep track of inventory, and
collaborate on forecasting, planning, and gap-filling
for the system to function. This can make the entire
process circular by reducing inventories and overpro-
duction. The authors in (Bodkhe et al., 2020) pre-
sented Ethereum-based smart contracts as a means to
address medical overproduction and underconsump-
tion. The system employs four smart contracts to cap-
ture events automatically and safeguard the integrity
and provenance of the data. It sets rules for the med-
ical supply chain’s phases of agreement, production,
delivery, and use. Overproduction depletes resources
and increases the risks for the circular economy. Xu et
al (Xu, Rahman, Shakya, Vassilev, Forte and Tehra-
nipoor, 2019) suggested a blockchain-based system
for keeping track of the electronics supply chain and
identifying hardware based on certificate authorities
(CA), which would make the system less vulnerable
and reduce overproduction.

4.2. RQ2: How blockchain technology can
facilitate the Reuse in CE?

Reuse is the use of discarded products, components, or ma-
terials for the same purpose for which they were originally
designed, with minimum modification. When reduction is
not possible, reusing is the best next option. Blockchain
technology could facilitate a decentralized marketplace for
reusing goods. Increasing the transparency and verifiability
of information enables secondary markets for old goods
and materials. Using blockchain technology, everyone can
determine the quality of second-hand items (Shen, Xu and
Yuan, 2020). On a blockchain, real-time information about
reused products and resources can aid the circular economy
movement. Shojaei et al. (Shojaei, Ketabi, Razkenari, Hakim
and Wang, 2021) performed a life cycle analysis on HVAC
(Heating, ventilation, and air conditioning) products, such
as air conditioners, package units, gas furnaces, and split
system heat pumps, using hyperledger fabric and a web
interface. They kept track of the life cycles of the products
to assist in decision making and proactive planning for the
maximum amount of material reuse. Nandi et al. Nandi,
Sarkis, Hervani and Helms (2021) proposed blockchain for
repairability and reuse of medical equipment. Locating de-
vices will be used to store or deliver replacement parts. By

using a public blockchain, designs for 3D-printable products
will be shared for repair and reuse, also mitigating concerns
over property rights. To maintain circular supply chain man-
agement in the fast fashion industry, Rehman Khan, Yu,
Sarwat, Godil, Amin and Shujaat have designed a system
architecture and implemented blockchain for material reuse
management at the application layer of the architecture.
The study in (Shou and Domenech, 2022) investigated how
blockchain technology can help create a secondary market
for previously used leather handbags. The study delved
deeper into how to keep track of used goods to facilitate the
expansion of the secondary market. The results indicate that
used-goods trading platforms can be established if products
and their life cycles can be monitored. This would boost sec-
ondary market performance and might even make primary
production obsolete. Currently, construction and demolition
trash are seen as chores, although it is a consequence of
the construction process. This debris can be reused and
traded, and blockchain technology could be used to develop
a universal waste management system that treats garbage
as a resource (Perera, Nanayakkara, Rodrigo, Senaratne and
Weinand, 2020). According to (Kouhizadeh et al., 2019),
blockchain technology can provide a decentralized used-
goods market. With the support of information transparency
and verifiability of used goods’ quality and condition, the
transition to a circular economy can move even more quickly
and may produce new goods that utilize the secondary
market. In another study, authors in (Hatzivasilis, Ioannidis,
Fysarakis, Spanoudakis and Papadakis, 2021) mentioned
Cablenet, noting that the company resells its circular assets
if their utility exceeds a certain threshold. This facilitates the
economic reuse of products. Iyer, Thakur, Dixit, Katkam,
Agrawal and Kazi implemented a system to reuse wastewater
utilizing IoT, machine learning, and IBM’s Hyperledger
fabric blockchain. Industries receive tokens in the form of
cryptocurrency based on how much waste they reuse.
4.3. RQ3: How blockchain technology can

facilitate the Recycle in CE?
Recycling means disassembling products into their compo-
nent parts and dissolving or reprocessing them into new
forms. Figure 6 illustrates the waste recycling procedure.
A blockchain-based product analysis enables the transition
toward a circular business model. Using blockchain, it is pos-
sible to track all products from their point of origin through
their sale and recycling. Centobelli, Cerchione, Del Vecchio,
Oropallo and Secundo implemented a circular supply chain
by implementing Hyperledger Fabric and a PoC (proof of
concept) consensus mechanism. A circular supply network,
including manufacturers, reverse logistics service providers,
recycling centers, selection centers, and landfill, was mod-
eled. Each is a participant in the permissioned blockchain.
Here, the selection center collects all recyclable garbage and
the recycling center recycles and distributes the items to
the manufacturers. Recereum is a blockchain-based platform
for profiting from trash and recyclables (Consortium et al.,
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Figure 6: Recycling procedure for waste.

2017). This blockchain facilitates direct communication be-
tween users and the trash collection provider. Recereum net-
work rewards users with Recereum coins, the blockchain’s
native currency, based on the value of their recyclables.
Ethereum powers the Recereum network. Chidepatil et al.
(Chidepatil et al., 2020a) introduced a blockchain-based,
multi-sensor, AI-driven system for recycling plastic waste.
Participants validate digital data recorded as a transaction;
this data can then be used to facilitate the recycling or
repurposing of plastic products. To incentivize participation
in the validation process, participants receive cryptocur-
rency rewards. One of the major problems of the digital
circular economy is motivating rivals to trade data while
preserving property rights and privacy and fostering trust
for recycled products (Antikainen, Uusitalo and Kivikytö-
Reponen, 2018). Smart contracts can be used to protect
intellectual property rights and designs from counterfeiting
and unauthorized usage. Cobalt Blockchain (COBC) has
been offered 40,000 tons of cobalt concentrate/annum with
a minimum grade of 1% cobalt from DRC artisanal mines
using blockchain to trace cobalt from mines to the point
of consumption, hence enabling cobalt recycling (Chen and
Ogunseitan, 2021). Shojaei et al. Shojaei et al. developed
a blockchain-based system to monitor the product lifecycle

throughout the supply chain. They noted that material trace-
ability and performance records can be used to boost future
output. The record of products and materials in each facility,
as well as their current condition, could facilitate active re-
cycling. The authors in (Kouhizadeh et al., 2019) mentioned
that businesses could share recyclable waste without the use
of intermediaries using blockchain technology, increasing
their profit margin. Furthermore, depending on aspects like
the quantity, quality, and reusability of the waste, smart
contracts can be used to exchange waste. Furthermore, to
ensure ownership rights for waste, recyclable data can also
be recorded on blockchain. Using blockchain, information
about the supply chain and the recycling status of prod-
ucts can be stored, updated, and published. Users will then
be able to identify eco-friendly products before making a
purchase, promoting the circular economy (Wolf, Verma,
Koscina, Jasak and Gregersen, 2022). Consumers’ eco-
conscious behaviors can provide a significant boost to the
Circular economy transition. Numerous companies reward
crypto-tokens or cryptocurrency to customers who purchase
environmentally friendly products. Recycling, waste reduc-
tion, local consumption, etc. are examples of eco-friendly
consumer practices (Esmaeilian et al., 2020).
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4.4. RQ4: How blockchain technology can
facilitate the Recover in CE?

In the circular economy, recovery refers to the extraction
of resources and compounds from waste, by-products, and
residues. It is feasible to confirm the authenticity of the
recovered components using blockchain technology. Once
chemicals or residues have been recovered, the associated
data can be recorded on a blockchain, which allows for
circular economy incentives to be implemented when the
recovered components are used in another product. Using
smart contracts, blockchain can record the terms and condi-
tions of waste management and related initiatives, enabling
a digital waste recovery process in addition to enhancing
the circular economy (Rejeb, Rejeb, Keogh and Zailani,
2022a). The authors in (Magrini, Nicolas, Berg, Bellini,
Paolini, Vincenti, Campadello and Bonoli, 2021) have pro-
vided solutions and business models to enable a circular
economy, stating that blockchain is anticipated to address
the inefficiencies of the traditional Extended Producer Re-
sponsibility (EPR) system by establishing a link between
the product’s origin and its recovery. This can accelerate the
recovery process. As part of the EU Circular Foam program,
Electrolux is working with polymer manufacturer Covestro
to recover polyurethane foam from refrigerators (Murphy
and MacArthur Foundation). Using blockchain can enable
producers to record information about proper refrigerator
disassembly and the most efficient method for foam recov-
ery. Integrating blockchain with the “Aitana” artificial in-
telligence platform and Telefónica Tech’s Blockchain-based
TrustOs, Telefónica Tech and Exxita Be Circular created
the “Green passport” for circular management of device life
cycles (Tech, 2022). The Green passport uses consumer in-
formation and device tracing mechanisms to promote device
recovery. Green passports have been distributed in roughly
500,000 devices that are recovered annually. Efficient “prod-
uct return management” will require data-driven decision-
making in e-commerce reverse logistics, and blockchain
application in logistics can play a significant role in value re-
covery (Dutta, Choi, Somani and Butala, 2020). Blockchain
can record data about material wastage and copyright and
recovery processes. Consequently, any recovery facility or
remanufacturer can trace products and implement recovery
strategies (Chen and Ogunseitan, 2021).
4.5. RQ5: What potential barriers could a

blockchain-based Circular economy face?
Blockchain has the potential to support a circular economy,
but it must first overcome obstacles such as scalability,
the need for sophisticated software development tools, con-
sumer behavior, and complex systems (Kouhizadeh et al.,
2019). Also, organizational, financial, technological, envi-
ronmental and social barriers may prevail (Queiroz and
Wamba, 2019). We have researched relevant literature on
the constraints of blockchain-based business models for the
circular economy and have identified eight significant barri-
ers for shifting toward a circular economy. They are: i. lack
of consumers’ understanding and motivation; ii. the existing

linear system; iii. an expensive process of 4R products;
iv. scalability and slow transactions per second (TPS); v.
very few experts in blockchain; vi. inter/intra organizational
obstacles; vii. government regulations and policies and viii.
high resource requirements for blockchain. We have pro-
vided a brief description of each barrier in Table 7 and
referred to related studies that mentioned it.

5. Discussion
The traditional “take-make-dispose” economic model is
rapidly degrading the environment around us. Therefore, the
transition to a circular economy is vital for everyone. Though
blockchain is in its early stages, it already has showcased
enormous potential. However, there are several obstacles
that prevent it from being used to its fullest capacity. To
overcome the constraints of this technology, several forces
must collaborate and a massive research effort is necessary.
This study presents a comprehensive analysis of the many
blockchain-based solutions that serve as foundations or
drivers in the creation and implementation of CE models.
In this paper, we have used research questions to investigate
the potential role of blockchain technology in facilitating
the transition to a circular economy within the context of
the 4R framework, as well as the challenges inherent to a
blockchain-based CE. We summarise our findings in this
section.
From the standpoint of our research questions, we first
present the following summary.
There were five types of categories we utilized to determine
how relevant anything was to the 4Rs: (1) Reduce, (2) Reuse,
(3) Recycle, (4) Recover, and (5) Applicability to all four
ideas, as shown in Table 8.
The most striking finding of Table 8 is that most of the
research is primarily focused on the “reduce” CE notion.
This fits perfectly the structured organization of the CE
frameworks. Putting “reduce” ahead of “reuse“, “recycle”
and “recover” is crucial because it helps avoid problems such
as quality degradation that can occur during recycling and
reuse, the consumption of resources required by recycling
and restoration, and so on. In “reduce” potential residual
asset flows are cut off well before the product even goes into
circulation. On the other hand, just a few answers were per-
tinent to the “recover” idea by itself. And unfortunately, only
one research revealed applicability to all four concepts. Not
only are there a few theoretical examples of how CE might
profit from blockchain technology, but there are also limited
actual case studies that deal with sustainability challenges.
Since all of the 4R concepts are closely related to each other,
finding a solution for one CE concept does not mean that it
cannot also be used for another CE concept. That is why it
is important to study this 4R approach in greater depth.
Table 7 also shows that the most frequently cited barriers in
the transition to a circular economy are the lack of customer
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Table 7
A summary of the eight barriers with brief descriptions and references

Sr no Barriers Short Description Related Works

1 Lack of consumers’ under-
standing and motivation

Because blockchain technology is new and
circular economy activities are not prevalent,
consumers have little motivation to adopt a
blockchain-based circular economy.

Lohmer and Lasch (2020); Swan (2015);
Kouhizadeh, Saberi and Sarkis (2021);
Öztürk and Yildizbaşi (2020); Durneva,
Cousins, Chen et al. (2020); Böckel,
Nuzum and Weissbrod (2021)

2 The existing linear system

The traditional economic paradigm is “make,
use, and dispose,” making the transition to a
circular economy difficult for both customers
and suppliers.

Upadhyay et al. (2021); Schmitz and
Leoni (2019); Kouhizadeh et al. (2021)

3 The expensive processes of
4R products

Low and middle-income businesses may be
unable to afford the necessary recycling
equipment and chemicals to make the pro-
cess profitable.

Wang, Singgih, Wang and Rit (2019);
Wang and Wang (2019); Farooque, Jain,
Zhang and Li (2020)

4 Very few experts in
blockchain

Blockchain requires experts to implement the
system, yet the industry lacks blockchain
experts.

Kshetri (2019); Öztürk and Yildizbaşi
(2020); Böckel et al. (2021)

5 Scalability & Slow transac-
tions per second (TPS)

Examples from the past indicate that scal-
ability is a serious concern for blockchain
technology. Visa, for example, has a much
higher TPS than Ethereum.

Swan (2015); Upadhyay et al. (2021);
Öztürk and Yildizbaşi (2020); Wang et al.
(2019); Biswas and Gupta (2019)

6 Inter/ Intra organizational
obstacles

Trust issues and conflicts of interest be-
tween and within organizations can slow
the progress of the blockchain-based circular
economy.

Galvez, Mejuto and Simal-Gandara
(2018); Rehman Khan et al. (2022);
Lohmer and Lasch (2020); Swan (2015);
Kouhizadeh et al. (2021); Öztürk and
Yildizbaşi (2020)

7 Government Regulation &
Policies

Ineffective blockchain adoption in circular
economy can be attributed to a lack of
corporate governance or operations adminis-
tration. When developing a new strategy, the
government must be consulted. Legislation is
needed to deal with the risks associated with
blockchain.

Lohmer and Lasch (2020); Swan (2015);
Saberi et al. (2018); Kamilaris et al.
(2019); Kouhizadeh et al. (2019)

8 High resource requirements
for blockchain

Resource-intensive consensus techniques are
often used in public blockchains. PoW, as
it is used in Bitcoin, requires a significant
amount of computing power.

Viriyasitavat, Anuphaptrirong and
Hoonsopon (2019); Swan (2015); Kshetri
(2019); Öztürk and Yildizbaşi (2020);
Durneva et al. (2020); Böckel et al.
(2021)

knowledge and motivation, inter/intra-organizational obsta-
cles, and high resource requirements for blockchain. Figure
7 presents the percentage of frequently cited barriers in the
reviewed studies.
A further significant observation is that several of the so-
lutions utilized technology from many categories. This is
because IoT, blockchain, machine learning, and AI are inter-
twined. Integrating blockchain with IoT in a supply chain, for
instance, might boost business performance, as IoT devices

are not only more productive than people but also make
fewer mistakes in inventory management. In addition, it
might be helpful to provide real-time traceability of goods
within storage facilities, warehouses, or other places, which
can help reduce product damage and maximize its utility.
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Table 8
Overview of the studies/use-cases related to “Reduce”, “Reuse”, “Recycle”, and “Recover” with Blockchain.

Category Related Studies/Use-cases

Reduce Chen and Ogunseitan (2021), Chidepatil et al. (2020a), Kouhizadeh et al. (2020),
Kamilaris et al. (2019), Steenmans and Taylor (2018), Kassou et al. (2021), Futurethinkers
(2017), Esmaeilian et al. (2020), Crosby et al. (2016), Saberi et al. (2018), Kouhizadeh
et al. (2019), Tushar et al. (2020), Esmaeilian et al. (2020), Cole et al. (2019), Alangot
et al. (2017), Lin et al. (2017), Zheng et al. (2018), Wang et al. (2020), Bodkhe et al.
(2020), Xu et al. (2019), Rehman Khan et al. (2022), Khadke, Gupta, Rachakunta,
Mahata, Dawn, Sharma, Verma, Pradhan, Krishna, Ramakrishna, Chakrabortty, Saianand,
Sonar, Biring, Dash and Dalapati (2021a), Saberi, Kouhizadeh, Sarkis and Shen (2019)

Reuse Shen et al. (2020), Shojaei et al. (2021), Nandi et al. (2021), Rehman Khan et al. (2022),
Shou and Domenech (2022), Perera et al. (2020), Kouhizadeh et al. (2019), Hatzivasilis
et al. (2021), Iyer et al. (2019)

Recycle Centobelli et al. (2021), Consortium et al. (2017), Chidepatil et al. (2020a), Antikainen
et al. (2018), Chen and Ogunseitan (2021), Shojaei et al. (2021), Kouhizadeh et al. (2019),
Wolf et al. (2022), Esmaeilian et al. (2020) Rejeb et al. (2022a), Kouhizadeh et al. (2020),
Rehman Khan et al. (2022), Hatzivasilis et al. (2021), Khadke et al. (2021a), Chidepatil,
Bindra, Kulkarni, Qazi, Kshirsagar and Sankaran (2020b)

Recover Rejeb et al. (2022a), Magrini et al. (2021), Murphy and MacArthur Foundation, Tech
(2022), Dutta et al. (2020), Chen and Ogunseitan (2021), Kouhizadeh et al. (2019),
Chidepatil et al. (2020b)

Applicability to all four concepts Kouhizadeh et al. (2019)

Figure 7: Percentage of frequently cited barriers in related studies/use-cases.
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6. Conclusion and further research scopes
There is no doubt that blockchain technology can bring bene-
fits to the notion of circular economy. By altering the current
state of recordkeeping and the value proposition, blockchain
will accelerate the entire process. However, blockchain have
obstacles to overcome.
This article summarizes previous research in this field and
concludes that the 4R-framework of circular economy (Re-
duce, Reuse, Recycle, Recover) can be successfully imple-
mented with blockchain serving as a key enabler. This article
classifies blockchain’s role as a CE enabler into four distinct
categories. (1) promoting a circular economy by rewarding
NFTs and cryptocurrencies; (2) enhancing the transparency
of the product life cycle; (3) reducing operational costs and
enabling efficient systems; and (4) enhancing organizational
performance through data sharing. These four categories act
as catalysts for the implementation of a circular economy
by extending product life, decreasing resource consumption,
and providing transparency for reused and recovered prod-
ucts. In addition, we identified eight barriers to a CE-based
circular economy, including a lack of consumer understand-
ing and motivation, the existing linear system, an expensive
process for 4R products, scalability and slow transaction
per second (TPS), very few blockchain experts, inter/intra-
organizational obstacles, government regulations and poli-
cies, and high resource requirements for blockchain. Simply
put, blockchain is a technology, but the circularity of the
economy is contingent on the vision and strategies selected
by businesses to govern their processes. Blockchain can be
an effective option, but additional research and optimization
are necessary to expand its applications.
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