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Abstract

Not only commercial side of the supply chain is critical for long-term sustainability, but also focus
on environmental and social issues ensured emergence of a more universal and holistic perspective
to the supply chain. A more sustainable future supply chain networks require more improvement
in tracking and transparent reporting systems. Moreover, consumers’ green behavior, incentive
systems and smart contracts should be efficiently developed. Blockchain technology's properties
could be a remedy for the challenges towards the economic, social, and environmental aspects of
sustainability. Blockchain technology applications can improve the data exchange and tracking
transactions in the supply chain. This research is based on a literature review and empirical insights
from interviews conducted with five experts from four companies active in blockchain and supply
chain activities. Results from the exploration of the literature and interviews with experts show
how blockchain impacts the environmental, social, and economic aspects of sustainability in the
supply chain processes. The role of blockchain is significant due to employed cryptography,
including hashing and encryption. Also, this study reveals that the most effective features of

blockchain are decentralization, immutability, traceability, and transparency.

Despite current obstacles to blockchain implementation in supply chains, this chapter provides an
opportunity to strengthen customers', suppliers’, and manufacturers' positions in terms of product
knowledge and supply chain processes related to the economic, social, and environmental issues
which are vital for a sustainable business. In addition, the results show the companies' decision-
makers how their internal and external interactions and processes in their supply chains can be
improved and executed on a more trustworthy, transparent and reliable platform which leads to

better contribution to different aspects of sustainability as well as higher productivity.
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1. Introduction

Over the last few years, industry 4.0 technologies have gained a lot of attention due to their ability
to improve sustainability in supply chains (Varriale et al. 2020). Thanks to these technologies,
supply chain networks got more opportunities to increase revenue and profits than ever before
(Esmaeilian et al. 2020). According to Paliwal et al. (2020), blockchain technology is one of the
key components of Industry 4.0, together with Internet of Things and Big Data.

The global scope of the COVID-19 pandemic provided an opportunity for transformation towards
sustainability in societies and economies (Jordan and Tang 2021), and affected many areas
worldwide (Ilisko et al. 2021), including global supply chains, which were revealed to have
scarcity in transparency and data transactions (Park and Li 2021). Furthermore, managing
complicated series of assets, operations, materials, and information by supply chain members can
be challenging, especially when they are part of a supply chain network that involves many
stakeholders (Dursun et al. 2022). That is why the interest in applying blockchain technology has
increased, as this technology has the potential to ensure the secure management of the vast

activities and transactions among all the actors of the supply chain network (Genta et al. 2021).

Blockchain was developed in 2008 for the Bitcoin cryptocurrency transactions. It functions as a
decentralized public ledger and is controlled by not a third party like a bank but handled and
supervised by all its members. The network users can communicate in a safe and transparent
environment, and without the risk of information manipulation, they can securely exchange
currencies peer-to-peer. Apart from taking advantage of blockchain in the cryptocurrency business,
it can also be used for documents transactions or any valuable information that may be converted
into digital form (Alahmadi and Lin 2019); therefore, in addition to financial benefits, blockchain

can revolutionize many other fields in the future as well (Paliwal et al. 2020).

Nowadays, individuals and companies involved in a supply chain, need to exchange information
with each other. However, while they have their own internal communication system and use it
confidently, they may not have enough trust in using external data exchange platforms. As
mentioned by Kshetri (2021), addressing sustainability issues in the developing countries has often
been a challenge because of the low trust levels and high costs of intermediation. Current supply
chain systems cannot guarantee the reliability of data to customers, and in a global supply chain,

this becomes even more problematic. Without trust, it is difficult, if not impossible, to build a



reliable global supply system (Dursun et al. 2022). Therefore, Genta et al. (2021) admit that
blockchain technology can indeed enhance the network of supply chains since it creates an
infrastructure to document, approve, and blueprint all the interactions between parties, whose
trustworthiness might be questionable. As a result, enterprises, economies, and social systems are
now expected to undergo fundamental changes (Kopyto et al. 2020) as this technology has become
a major tool to provide transparency and strong connectivity in various operations (Park and Li
2021).

While blockchain technology has been extensively studied, it has not been adopted for a wide
range of applications outside of cryptocurrencies. However, the managers and decision-makers are
worried about losing out on the potential benefits of this technology (Kopyto et al. 2020). Because
many processes are still being conducted using outdated non-sustainable methods, it is essential to
utilize new technologies such as blockchain to make supply chain processes more sustainable from
an economic, environmental, and social standpoint of view (Varriale et al. 2020). And the reason
for emphasizing the sustainability is that supply chains will play an essential role in developing a
sustainable global economy in the future (Park and Li 2021). Therefore, in this research, we discuss
blockchain's ability to improve future supply chain sustainability. To do so, the viewpoints of five
experts from four companies were also included. As Kopyto et al. (2020) asserts that when there
are uncertainties about a specific topic, like the application of blockchain, experts’ opinions can
be considered as sources of information for enhancing the quality of decision-making while
minimizing the doubtfulness. As stated above, a very few studies research how blockchain
technology affects each aspect of sustainability in supply chain management, Therefore, this
chapter aims to demonstrate the potential blockchain technology has to improve these aspects of

supply chain management.



2. Methodology

This exploratory study attempts to gain perception about the topic and concepts, namely
sustainable supply chain management and blockchain technology. Hence, to form this study's
outline, we conducted a literature review of the literature related to this topic alongside five in-
depth interviews with experts in blockchain and supply chain management from four companies.
The duration of the interviews ranged from 20 minutes to 45 minutes. During the interview
process, we asked the experts what they thought about blockchain technology features, how they
can impact supply chain sustainability, and how they see the future of blockchain and its

application in various areas. More details about the interviewees are shown in table 1.

Table 1. Interviewees' positions and companies

Respondent’s position in

Name of the Company the Company
Expert 1 VITT Cyber Security Researcher
Expert 2 DBE Core CEO
Expert 3 DBE Core CTO
Expert 4 Hedera Ex-Ambassador
Expert 5 Load Project Manager

To select the interviewees, we used the purposive-expert sampling non-probability method. Using
this method, the researcher could determine what information is required and then seek out those
who could provide it based on their expertise and experience. When adequate knowledge or
understanding of a subject or event is beyond reach, as in this study, this type of research is
appropriate (Saunders et al., 2016). Open-ended semi-structured interview questions were
developed inspired by literature review in this field. Eventually, we incorporated some of the main

points the interviewees raised into this chapter. The interviews were recorded and transcribed.

As shown in figure 1, we will discuss the main findings of this study and its implications in the

conclusion section.
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3. Sustainable Supply Chain Management

The concept of sustainability has been applied widely in the business environment such as the
supply chain (Carter and Easton 2011). In the field of the sustainable supply chain, sustainability
means that the supply chain performance should be evaluated not only based on profits but also
based on the effects that it has on the environment and social system. With sustainability awareness
increase, the customers and stakeholders expectations push the companies to take complete
responsibility for their activities and to shape their ecological and moral behavior (Ashby et al.
2012). Since many of the companies are associated with at least one supply chain, their
responsibilities over environmental and sustainability should extend along their supply chains
(Ashby et al. 2012).

Supply chain management has turned out to be one of the most interesting topics for experts and
scholars working in the field of sustainability (Dubey et al. 2017) because more than 20% of
greenhouse emissions worldwide are caused by around 2500 of the most significant international
firms whose supply chains had a major impact on emissions volume (CarbonDisclosureProject
2011). Both scholars and practitioners have noticed how sustainable supply chain management
concept and the relevant knowledge are crucial, and they believe in its tremendous impact on

building the future action plan for an economy’s growth (Rajeev et al. 2017).

The starting point of incorporating sustainability into supply chain management is the integration
of green principles with sustainable supply management activities (Ahi and Searcy 2013).
Sustainable supply management is defined as conducting particular management activities, to
increase sustainability in the supply chain and to provide an actual sustainable chain at the end
(Pagell and Wu, 2009). To present a more comprehensive understanding of the sustainable supply
chain management concept, it could be defined as the establishment of aligned supply chains via
a combination of “economic”, “environmental” and “social” factors with the main business
procedures in the organization to manage all supply chain activities more effectively in a way that
the needs of stakeholders are met and cost-effectiveness, competitive advantage, and flexibility of
the organization are improved (Ahi and Searcy 2013). Therefore, sustainability-related issues must
be integrated into major supply chain activities (Khan et al. 2021). The concept of sustainability is
developed through the three dimensions based on a sustainability framework, named Triple

Bottom Line (TBL), that John Elkington (1994) proposed to analyze the “economic”,
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Figure 2. Triple Bottom Line. Adapted from Slaper and Hall (2011)

“environmental” and “social” impacts that a firm activity might have. TBL (figure 2) could be a
considerable tool for achieving sustainability-related goals (Slaper and Hall 2011), and to carry
out the actual sustainability functions, organizations more and more lean on their suppliers'
network to adapt to sustainability directions. To become more familiar with various TBL aspects,

each has been explored below.

Environmental Dimension of Sustainability

Conventionally, the relationships presented in a supply chain have been based on cost, quality, and
delivery. Moreover, the emphasis has been mostly on procedures such as analyzing production
processes and the flow from raw materials to the end-users in supply chain management, but
factors related to the environment were not taken into account as much as they should have (Gardas
etal. 2019). However, nowadays, ecological concerns in supply chains are increasing dramatically
because of the broader discussions on how sustainability-related challenges shall be fulfilled by
industries (Zailani et al. 2012). The integration of environmental aspects in supply chain
management may result in organizing a set of supply chain management policies, taking steps, and
developing networks in regards to issues related to the natural environment such as protecting
natural resources, waste reduction and fewer emissions (Pagell et al. 2008). Some of the actions
which could be taken in respect of the environmental dimensions, are: enhancing the precision of

demand forecast, making an investment in technologies related to carbon offset, combined



distribution, increasing the effectiveness of energy consumption, and designing environment-
friendly take-back systems (Ji et al. 2014).

Social Dimension of Sustainability

The social aspect of sustainable supply chain management incorporates social and organizational
values. The corporate decision-makers should consider all the major values related to humanity
and morality in order to support a healthy society and business environment (Panigrahi et al. 2019).
The social dimension is one of the essential elements in organizational sustainable supply chain
management embracing issues related to reducing poverty, supporting equity, human rights, and
the entire well-being of individuals (Pagell et al. 2008). Therefore, organizations have to enhance
and care about the social and economic conditions of the lower levels of society via creating

opportunities across sustainable supply chain management as well (Hall and Matos 2010).

Economic Dimension of Sustainability

Adopting sustainability in supply chain management should take place in a way that the main
principle of business - profitability of the organization is guaranteed (Panigrahi et al. 2019). To
provide advancement in the long run and preserve economic progress, managers need to consider
sustainable supply chain management operations that are beneficial for a long-term period (Carter
and Easton 2011). In other words, economic advantages could be acquired through enhancing
social principles and protecting the environment for posterity. To be able to obtain sustainability
in the economic aspect, several vital elements such as relations of cooperation through exchanging
information, maximized logistic support and cost efficiency must be considered (Dubey et al.
2017).

4. Blockchain Technology, its Features and Capabilities

World Economy Forum (WEF) ranked blockchain technology in the third place of the top ten
emerging technologies in 2016, and many Information and Communication Technology (ICT)
division experts believe that by 2025, the blockchain network will store at least 10 percent of
global gross domestic product (Grewal-Carr and Marshall 2016). In this part, blockchain and its

features will be discussed.

Blockchain Background



Traditionally a network involved in an information exchange or transactions needs a centralized
system to manage and serve as a link for conducting any communication between the parties
(Gonczol et al. 2020). After more than two decades of scientific efforts looking for enhancing
techniques and theories, huge progress emerged in the field of distributed (peer-to-peer) computer
networking and data privacy. As a consequence, a modern technology known as 'blockchain’
popped up, which initially developed and became popular for cryptocurrencies such as Bitcoin in
the course of the financial crisis in 2008 by Satoshi Nakamoto. While blockchain’s main
application was for financial transactions, its unique characteristics enhanced wider use also in
other fields (Kouhizadeh and Sarkis 2018).

Blockchain is a digital database for durable and tamper-proof storing and tracking transactional
data records. This special type of database is a distributed ledger whose data is shared, duplicated,
synchronized and kept by the members of a decentralized system, where each participant holds a
copy of the data that can be verified and refreshed at the same time, enabling them to monitor and
stop any probable point of failure (Chang et al. 2020). As the name indicates, blockchain contains
a connected series of blocks, which carry time-stamped transactions and that are strung and include

information analogous to our DNA (Tieman and Darun 2017).

Besides, the data protection and verification do not rely on third-party service providers, and the
blocks of data are organized via relevant software programs that enable the data to be sent,
processed, saved, and shown appropriately for all the participants in the network (Kamilaris et al.
2019). It may also be employed in transactions used for the exchange of digital money, financial
or personal information, results of a system’s operation, health indicators or any other target data
that can be transmitted digitally (Jovovi¢ et al. 2019). Modifying the information in a blockchain
is not mathematically feasible due to its nature. In addition, as a shared ledger, it can be checked
by the members in the system, and after writing the information therein, due to public monitoring
it can hardly be altered. If a similar comparison is used, it can be said: it is easier to steal candy
from a candy bowl held in a secluded area, than from a candy bowl placed in a local market being

watched by thousands of eyes (Crosby 2016).
Blockchain General Features

Blockchain has many unique features. These features are well suited for applications in the fields

where safe transactions need to be done. Peer-to-Peer transactions together with consensus



processes in blockchains, guarantee safe identification and authentication in different forms of
distributed databases in which independent third parties are not required. These features are very

crucial in businesses with general mistrust and susceptible to corruption (@lnes and Jansen 2018).

The main features of the basic blockchain are listed below in table 2. These features firstly were
used for cryptocurrencies but also can be employed for the other applications by amending and

adjusting some of these features (Batwa and Norrman 2020).

Table 2. Blockchain general characteristics

Blockchain The whole database and its entire history are potentially accessible to each user
General in the blockchain (Batwa and Norrman 2020).

Features
The transactions between nodes are done peer-to-peer without any intermediary,

and every user can check the records of the transactions individually. Nodes are
any participant of a blockchain who has a copy of the blockchain database on

his/her computer and interacts in the network (Braun-Dubler et al. 2020).

Each party in the blockchain has a specific address, and they may opt to stay

anonymous or to reveal their identity to others (Batwa and Norrman 2020).

Consensus algorithms are implemented to ensure that the database records are

immutable and chronologically organized (Batwa and Norrman 2020).

Impactful Blockchain Features on Sustainable Supply Chain Management

In the literature, many different features such as transparency, decentralization, tamper-proof,
anonymity, traceability (Alahmadi and Lin 2019) are mentioned as important attributes of
blockchain technology. However, in this part, those features are discussed that have the most

significant impact on sustainability aspects of supply chain management.

Decentralization

According to (Lin and Liao 2017), decentralization of blockchain guarantees that the data no
longer has to depend on a centralized entity. In other words, the transactions can be processed

peer-to-peer, without central body control. This will lead to a meaningful decrease in equipment



expenses and the overheads thereto. Moreover, this system is not affected by a single point
malfunction, therefore when any party returns to the network, after being offline for a while, it can
synchronize with the latest ledger through other online parties (Alahmadi and Lin 2019). The
results of the interviews with experts show that they see decentralization as a factor that would
provide the same access to all members and everybody may contribute to the ledger control and
while different businesses exist, many documents should usually be transferred to concerned
parties and blockchain technology allows sharing data in real-time instead of exchanging data. In

regard to the importance of decentralization in blockchain, one of the experts stated:

“... that is why decentralization could help the actors reach a better and more trustworthy

agreement by recording and sharing the data in the blockchain database.” (Expert 4, Hedera)

A decentralized system is a network where each participant holds a copy of the data that can be

verified and refreshed at the same time (Chang et al. 2020). Likewise, another expert said:

“Decentralization enables everyone to access the records as they all have a copy of all

transactions on their systems. ” (Expert 1, VTT)

Also, one of the experts refers to decentralization as a critical feature, which can help increase
equal rights for all the actors involved in any transaction via mitigating monopolies. He says that
the quality, sustainability, and credibility of the supply chain actors’ processes, would diminish

when there are inequalities.

Immutability, Transparency and Traceability

The consensus algorithms ensure, that the data in a block cannot be deleted or edited easily (Batwa

and Norrman, 2020). This is in line with one of the experts saying:

“The consensus algorithm is the main reason for the reliability or trustworthiness of transactions
in a blockchain.” (Expert 5, Load)

The recorded data will be saved permanently and it is almost impossible to tamper with (Lin and

Liao, 2017). Similarly, another expert stated:

“Due to immutability, more trust is built over the records, therefore, it results in high

accountability between different parties involved in all transactions. ” (Expert 1, VTT)



The blockchain information is transparent, because blockchain data record is normally visible to
any node, and also visible when the data is updated (Lin and Liao 2017). Checking the validity of
each transaction, as well as registering the timestamp for each of them, makes it simple to search
and track previous records throughout the network via any node which consequently promotes the
reliability and traceability of the data under process (Alahmadi and Lin 2019). One of the experts
agrees that:

“All the records are timestamped, and when transactions are stored in the blockchain, there will
be an international timestamp for each of them, and the exact time of any transaction is obvious

to all the members of the database which helps traceability of the data.” (Expert 2, DBE Core)

and another expert confirmed that “fraceability is a useful factor of this technology especially

when there is a lot of data.” (Expert 4, Hedera)

There is a relatively low chance of tampering with the data since everything is handled by the
network rather than just one entity. Except where the rules contained in the blockchain protocol
allow, the history of the record therein is too difficult to be changed. In this regard, one of the

experts indicated:

“Transparency and tamper-resistance of blockchain are derived from the ability of data control
by everyone. ” (Expert 3, DBE Core)

A Use Case of Blockchain Capabilities

The creation of smart contracts can be seen as an enabler of applying blockchain to other than the
financial sector areas (Paliwal et al. 2020). Conventional contracts are generally the agreements
that specifically describe the contracting parties, a service provided against some form of
reimbursement, and some contractual clauses such as delivery dates, penalties, payment terms, etc.
One of the main issues with the conventional form of the contracts is that they are not detailed
enough and therefore the conflict between involved parties is highly probable. For example, one
party may expect the presence of a particular material certificate before paying the relevant cost,
but the other party may believe the reverse. Such deadlocks may lead to expensive dispute
settlements or even a failure of the entire deal. Besides, in international transactions, the

implementation of conventional contracts is often too difficult, time-consuming or sometimes



impossible (Norta 2017). Therefore, Smart contracts are one of the unique applications of

blockchain. Ethereum is the most widely used platform for smart contracts (Pournader et al. 2020).

Smart Contracts

To streamline contractual processes and prevent probable disputes, “Smart Contract” emerged
with the ability to safely automate many of the interface-related procedures and the self-

implementation of agreements in the context of enforceable programs (Thomas et al. 2019).

Cryptographer Nick Szabo first coined the word "smart contract” in 1994, but the usage and
application of these types of contracts were only recently feasible due to technology development.
In these blockchain-based contracts, the need for trust between the parties is replaced by
cryptography (Badzar 2016). Mohanta et al. (2018) describe a smart contract as a self-checking

and self-executing computer software which is resistant to manipulation.

Smart contracts are structured so that assuring it is enforced properly and malicious acts in addition
to unexpected conditions are prevented. The key function of a smart contract in such a way that,
the expected contract clauses are automatically executed when the relevant conditions are met
(Alharby and Moorsel, 2017). This will result in the elimination of trusted third parties for
implementing the terms of the contract and consequently lead to cheaper transaction charges in

comparison with the conventional ones.

The life cycle of a blockchain-based smart contract can be presented in the following four phases
(Diallo et al.,2018):

e Creation: Contracting parties work together to create the smart contract, and after securing
its authenticity using their digital signatures, it will be transmitted to the network.

e Acceptance: The concerned users who get the smart contract, verify its authenticity and
record it in a new block and after the block is approved, it is added to the blockchain.

e Execution: The parties in the network who have approved a new block, holding the smart
contract, will execute it individually as per instructions and get the result. After the
formation of a new block carrying the result, it is submitted to the network.

e Result confirmation: The parties who receive the block, holding an outcome of the smart

contract, will check its validity to decide whether to approve it or not.



Smart contracts are suitable to use in supply chains to release payments, capture ledger entries,

and mark manual intervention as necessary (Casper et al. 2021).
5. Blockchain Impact on Supply Chain Management Sustainability

According to Pournader et al. (2020), technologies such as blockchain are expected to change
significantly supply chains activities and logistics in the near future. Big companies such as Maersk
and IBM are already cooperating to make blockchain applicable to the global supply chain (Elbek
Linnet et al. 2018).

Blockchain technology aims to increase the accuracy of supply chain-related data and help
companies to prevent fraud, deficiencies, waste, and threats to people and the environment
(Sulkowski 2018). Supply chain professionals claim that sustainability, as a movement, is
becoming increasingly important in all its three aspects (figure 2). Therefore, to ensure the
implementation of technology as a sustainable resource, all three pillars need to be taken into
consideration, i.e., economic, environmental and social. For instance, blockchain can help track
and monitor whether goods are manufactured and delivered in compliance with environmental
norms. Likewise, regarding the social dimension, the traceability of blockchain aims to enhance

human rights, and reasonable and healthy working practices (Junge and Straube 2020).

The blockchain role, considering its main capabilities in sustainable supply chain management is

elaborated below:

Blockchain Effects on Social VValues

The social aspect of supply chains is improved through blockchain's ability to establish trustful
relationships between supply chain partners. It can also promote humanitarian logistics, and
support equality in society. In general, the social element of sustainability can be addressed both
individually and organizationally, but the organizational factors are more effective because the
supply chain embraces a lot of operations done in several organizations. These include various
activities such as selection of suppliers, purchasing and its relevant logistic, inventory handling,
internal flow of data and material, production and the logistics thereafter (Kouhizadeh and Sarkis
2018).

The blockchain involves digital signature-based peer-to-peer transactions which facilitate contact

and trust between the parties involved. As a result, it strengthens stakeholder relationships, firstly



among vendors, contractors and consortium partners who rely on knowledge sharing and
cooperative partnerships and secondly among consumers, governments and society due to the

decrease in the asymmetry of information and power (Gurzawska 2020).

Blockchain provides high trust and anti-counterfeiting characteristics that may result in a positive

impact on social values (Yaga et al. 2018).

The openness feature of blockchain is noteworthy in terms of its potential effect on the social side
of sustainability because the end-user will have the benefit of checking the authenticity of a product
or service due to a better traceability (Yigit et al. 2020). In this regard, one of the experts

mentioned:

“Consumers can check all the information about a product from its history, which has been

recorded from the beginning of its supply process.” (Expert 1, VTT)

On the other hand, blockchain provides easier communication by automation, and subsequently,
social communications via digital spreadsheets, e-mails, and telephone contacts, which are daily
manual operations in working office, can be reduced to a large extent. Additionally, since many
parties involve in logistics, openness and smart executions are the most exciting aspects of

blockchain which social values will benefit from (Yigit et al. 2020).

Blockchains can keep the product provenance information and it can be accessible to all members
of the supply chain. It is also simpler to bring transparency, confidence, reliability and security for
participants by blockchain network which can effectively improve the social aspect of
sustainability. Moreover, it is only with the consent of the authorized members that the immutable
information saved on the blockchain can be amended. This prevents the seizure of any assets by a
corrupt person or company and also promotes the identification of dishonest partners in the supply
chain (Chandan et al. 2019). One of the experts confirmed this point and added:

“Those partners who didn't have enough power in the supply process could benefit through
blockchain technology and observe what exactly the powerful partners are doing and make sure

that the data shared through this database is reliable and accurate.” (Expert 5, Load)

Hard labor, child labor, the influence of living standards and decent wages for employees are some
of the issues faced by supply chain sectors concerning the social values of sustainability

(Rodriguez et al. 2016). These major issues in the social context of the supply chain need special



attention, and the said problems arise mainly because of unethical manners in the industry, such

as corruption, bribery, deliberate misinformation and such (Chandan et al. 2019).

Blockchain Effects on Environmental VValues

Costs, product quality and its distribution have been historically the main issues in the supply
chain, while environmental protection is seldom seen as a vital consideration for long-term
business performance. The management of environmental sustainability is known to be the policies
and acts taken by businesses in response to changes in the natural environment. With growing
concerns for global climate change, in recent decades, environmental sustainability has drawn
interest from both business and academia. Rising competition and internal costs, force companies
to outsource and operate globally. Outsourcing will lead to increasing the number of firms working
in the supply chain, making it impossible to determine the true source or cause of environmental
harm. Some companies have introduced supplier appraisal schemes to overcome this problem in
the global supply chain. The supplier assessment framework helps companies to classify potential

suppliers who do not comply with the sustainability policy (Golicic and Smith 2013).

Using blockchain is a straightforward way to explain what happens in the network of suppliers and
discloses environmental deception, deceptive exchange of information and quality violations.
Through blockchain, it is possible to see whether the crucial environmental certificates are
properly issued and to get a summary of the transport methods used. The gathering of
environmental data, enables the partners to see the cumulative environmental effects of a supply

chain (Romare, 2017). One of the experts indicated:

“Blockchain enables the ecological impact of an issue to be accurately measured in a standard

way and shared with other partners in the supply chain.” (Expert 3, DBE Core)

Also, another expert stated that due to the accuracy and transparency features of blockchain

technology:

“... it (blockchain) enables the members to make proper decisions and changes in sustainability

and ecological issue.” (Expert 5, Load)

There is also a need for clarity of what happens at each point of the supply chain, and this
knowledge must be accessible to the customer. Thus, the entire supply chain must be transparent,

from the supply of raw materials to the delivery of the final goods to the end-user. It is crucial to



store information on each step to make the traceability of goods clearer and, if possible, to remove
them from the market for health reasons. For example, identification of the goods that used
poisonous paint in a garment factory can be well realized via blockchain (da Cruz and Cruz 2020).
Therefore, one of the experts pointed out that:

“As long as supply chain members know their work process is monitored and this could affect the
sales of their products, they try to make sure that their activities do not have a detrimental effect

on the environment.” (Expert 1, VTT)

Likewise, Mao et al. (2018) point out, that it has the potential to increase accountability and
traceability in the supply chain which leads to enhancing the environmental aspect of
sustainability. In addition, the data on a blockchain cannot be altered or manipulated easily, such
as the data related to suppliers, product movement, and reports of sustainability. This will facilitate
auditing sustainability, such as tracing carbon emissions, and recyclability and environmental
quality. The blockchain will not only assist the sectors of the supply chain but will also help
consumers to make better choices so that the final customer will be able to access blockchain

sustainability data and pick a green product.

Golden and Price (2018) have the same view that auditors, social entities, and organizations can
take advantage of blockchain-based platforms to address supply chain issues, including
environmentally harmful activities. They also believe that blockchain is not a flawless and quite
perfect approach to the problems of transparency in the supply chain, but it is a crucial piece of

the solution to the puzzle.

Moreover, blockchain helps with monitoring goods over their entire life cycle and gathers
information required to determine their proportional shares of environmental impacts. It will also
accelerate the removal of a paper-based certification system because the digital delivery process

is easier and less complex (Grech and Camilleri 2017).

It is also good to mention, that the traceability and transparency will specify whether the presumed
green goods are environmentally sustainable or not. The carbon dioxide emissions, for example,
can be better measured and increasing the transparency will decrease data manipulation which
consequently yields emission reduction (Saberi et al. 2019). Furthermore, the use of well-

established blockchain within the supply chain can have a significant effect on the environmental



discourse, because it leads to paperless services, removal of manual processes, and stopping

greenwashing (Yigit et al. 2020).

Another example of the effective use of blockchain is as a carbon credit trading platform to boost
environmental sustainability. The supply chain members are able to share their carbon credit with
each other. A carbon positive member can trade with a carbon-negative member, which leads to

decreasing the total environmental effect (Wang et al. 2020).

Likewise, in the supply chain, waste management is crucial. Waste management is much more
important in the case of toxic waste. Toxic waste is increasingly growing with raising the use of
batteries and other electronic products. Thus, the actors within the supply chain are supposed to be
accountable for the safe handling of such harmful material. Nonetheless, they don’t act responsibly
and get rid of disposal costs because of inadequate monitoring of used goods and less visible
systems. Blockchain networks can assist in monitoring toxic waste disposal and control
misinformation and cheating by manufacturers (Chandan et al. 2019). One of the experts discussed

during the interview that:

“Predicting the best time and the best route to a certain destination and minimizing unnecessary

activities, traffic, CO2 emissions and waste generation volume.” (Expert 2, DBE Core)

Blockchain Effects on Economic Values

As a matter of fact, if an activity has a negative effect on the economy, it cannot be sustainable at
all, irrespective of how successful it is in terms of environmental or social aspects. Therefore, the

economic impact can be presumed as the most important issue towards sustainability.

When assessing the effects of an emerging technology, economic factors are still the major ones
(Junge and Straube 2020), and that is why the majority of researches about blockchains in supply

chains concentrate on economic issues.

The economic impact of blockchain on the supply chain can be argued from various points of view.
For instance, when third parties are sometimes not trusted, blockchain systems have a big
advantage for economies in providing necessary support for immutability and data integrity (Lo et
al. 2018). They are also able to trace and track goods, which lead to a significant effect on the
efficiency of the logistics and supply chain, through which decision-makers can easily access clear

and reliable data and knowledge on the logistics process. As a result, materials and resources will



be saved, and companies can gain a substantial economic benefit (Tan et al. 2020). In this respect,

one of the experts declared:

“Accessing accurate data and statistics would help to improve supply processes and bring

economic advantages.” (Expert 5, Load)

Blockchain transparency is a huge advantage for consumers to have more control over the items
to purchase and consume (Yigit et al. 2020), but it is a major drawback for bad supply chain actors
because they would not be able to take deceptive actions such as delivering counterfeit products
with low quality. Likewise, systems with cybersecurity failures are more at risk of hacking crimes
and malicious attacks that cost businesses a lot. Therefore, employing a more secure system like
blockchain can prevent such attacks. In addition, smart implementations of smart contracts are one
of the blockchain's most significant capabilities which have a strong influence on economic issues.
For example, smart executions from the logistics point of view, particularly with regard to payment
and financial risks on a shipment, remove the arguments and mitigate the overhead costs that may

occur.
6. Challenges of Blockchain Application in a Supply Chain

While blockchain technology implication in supply chain management have enormous potential,

however, like any other new technology, they face challenges due to their immaturity.

According to Angelis and Ribeiro da Silva (2019), if companies’ employees and managers are
unfamiliar with new technology and its capabilities, they will be reluctant to use it. Thus,

promoting and spreading comprehensive knowledge on the blockchain is critical.

New and costly IT resources are required to run the blockchain for collecting and processing
needed information, but this may be an issue for some supply chain players. Due to the high level
of IT network needs, it's understandable that many countries aren't ready; For example, most
developing countries will not be technologically prepared to use blockchain-based solutions
(Kshetri 2018). Moreover, developing more sustainable solutions and promoting their application
is not enough for such transformations. Therefore, it is required to actively work on eliminating
those structures and technologies which are not sustainable anymore. Also, it has been asserted
that improving efficiency, primarily via technological advancement, must lead to a decoupled

economy (Avery and Nordén 2021).



In terms of data sharing between organizations, blockchain technology, on the one hand,
encourages transparent and verifiable information exchange between the partners. However, on
the other hand, some companies are hesitant to provide vital information because they desire to
keep it confidential (Block & Marcussen, 2019).

7. Conclusion

According to the literature review and empirical insights from four experts in this study,
blockchain technology has enabled supply chains to deal with various sustainability challenges
thanks to its features such as traceability, reliability, and transparency. The findings of this research
show that numerous enterprises across the supply chain and policymakers could benefit from these
features. As a result, new infrastructures are being developed concurrently with technological
advancements and legal changes that may promote the application of blockchain in supply chain
management in the future. All information about a product and its history can be recorded on the
blockchain database from the beginning of the supply process, so that consumers can examine all
the essential information and its history. Blockchains, can develop trusting relationships among
supply chain partners, which let corporate operations run more smoothly. On the other hand, if
supply chain actors know that their work is being scrutinized and their audience is concerned about
sustainability issues and green products, they will be encouraged to manufacture items that cause

the least or no harm to the environment.

While blockchain technology can facilitate many processes from a sustainability point of view, its
full potential is yet to be uncovered in the global network of supply chains. So, it might take several
years for blockchain to be implemented into supply chains comprehensively. In any case, the future
investment in this area can speed up its growth effectively, which requires the decision makers to
reach a clear understanding of how blockchain technology can enhance their business. It is only
under such circumstances that they will be willing to invest in training proficient experts and
setting up new costly IT systems and accept the pertinent risks. All in all, blockchain technology
may be named the next industrial revolution, which will lead to a higher productivity as well as a
better contribution to the different aspects of sustainability in the future. But it should be
considered that there are still some challenges related to blockchain technology remaining, such
as the high energy consumption and slow speed for real-time transactions, which should be solved

in the upcoming years.
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