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Abstract
____________________________________________________________

The world is constantly evolving, becoming more digital and new technologies are being developed.
One such technology is blockchain, which has gained popularity through the cryptocurrency Bitcoin.
However, there is much more potential in this technology, for example within supply chains. With its
immutable, secure and transparent nature, blockchain has the potential to revolutionize supply chain
management. Nevertheless, blockchain-based supply chains have their raison d'être not only for
efficiency reasons. Due to the above-mentioned attributes of this technology, it can also make a great
contribution in terms of sustainability. The external pressure is growing and forces retailers to
become more transparent and act more sustainably along supply chains. This pressure comes both
from their own customers, who place an increasing value on sustainable and green products, but also
from regulations and laws that oblige companies to operate more sustainably. Even though the
advantages of blockchain-based supply chains are evident, the adoption of blockchain is still quite
narrow and small-scaled. For this reason, this thesis examines to what extent and why a gap between
claimed sustainability potentials and reality exists in supply chains.

A thorough literature review has been conducted which resulted in a capability framework, listing
nine sustainability capabilities of blockchain and their associated benefits for sustainable supply
chains. Further, six semi-structured interviews were held with experts and companies using or
providing blockchain platforms. The findings demonstrate that the claimed sustainability potentials
of blockchain platforms are not used to their fullest extent. Moreover, the analysis suggests that there
are several barriers hindering the adoption of blockchain in supply chain management. The main
bottleneck is found to be the resistance among lower-tier suppliers. This resistance is mainly due to
the lack of external pressure, which is disproportionally weighted on retailers in the public eye. It is
also due to technical difficulties, making it hard for less digitized companies to adopt blockchain.
The analysis results in a number of possible solutions to mitigate inter-organizational issues, where
the recommendation is to work collaboratively with suppliers and incentivize adoption by
demonstrating efficiency gains and sharing benefits. Through providing the findings and analysis,
this research contributes to the literature and practical field by shedding light on the difficulties of
making full use of blockchain-based supply chains. Furthermore, this thesis guides future research
towards the most essential barrier that needs to be overcome.
____________________________________________________________
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Word Definitions:

Blockchain platform: A cloud-based infrastructure solution provided by a third-party where
companies can build, operate, and use their applications. It is often referred to as
Blockchain-as-a-Service (BaaS) but is based on the same model as a Software-as-a-Service (SaaS).

Blockchain capability: Referring to the technological capability of blockchain to improve the
performance of a company. Thus, ‘technological capability’ should not be interpreted as the
organizations’ capability of developing new technologies.

Organization, company, business: Are all used interchangeably throughout the text.

Chasm vs gap: Both are referring to an adoption gap. However, when using the word ‘chasm’, it is
related to theory. The word ‘gap’ on the other hand refers to the findings of this study.



1 Introduction

The introductory chapter puts the topic in its background context as well as motivates the relevance
of the study. The background section stresses the importance of transparency and sustainability, and
how blockchain technology matches the needs. Further, this chapter includes a problem definition
and the purpose of the research as well. Lastly, delimitations and the disposition of the study are
presented.
______________________________________________________________________________

1.1 Background

1.1.1 Supply Chain Transparency

Global supply chains grow larger and more complex, while at the same time consumers demand
transparency regarding the sustainability of the products they purchase. Thereby, it becomes
increasingly important but also challenging for companies to measure their processes in terms of
sustainability, as well as being able to disclose this information to the end consumers (Venkatesh et
al., 2020; Saberi et al., 2019). However, the pressure stems not only from consumers but also from
governments and communities which demand sustainability to an increasing extent, such as
contribution to the UN Sustainable Development Goals (Park & Li, 2021).

The importance of achieving sustainable supply chains is highlighted by the United States
Environmental Protection Agency (EPA, 2016), who states that supply chain activities account for
40-60% of a manufacturing, and 80% of a non-manufacturing company’s carbon footprint. Hence, it
is critical to take measures to ensure that activities are improved in a sustainability perspective.
Several bad practices have been revealed in the past, of which one example is the Volkswagen
emissions scandal, where lab tests and road tests showed large differences of the emitted pollutants
(Siano et al., 2017). Such incidents raise awareness of issues regarding controlling, monitoring, and
auditing supplier activities (Venkatesh et al., 2020). What supply chains often lack is an efficient
way of tracking and tracing products as well as process information and characteristics. Hence,
traceability is becoming a critical differentiator across supply chain industries (Saberi et al., 2019).
Venkatesh et al. (2020) highlight that supply chain management has become increasingly strategic
due to scandals and incidents across industries that have occurred in the past decade. In addition,
meeting sustainability criteria and certifications by verifying products and processes is also
something that has grown increasingly important over the years (Saberi et al., 2019). Saberi et al.
(2019) confront whether current supply chain information systems are robust and trustworthy
enough to manage this.

McGrath et al. (2021) argue in the same direction that global supply chains are now spanning across
the globe in an ever-increasing dimension, while large multinational corporations (MNC) are
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ethically responsible for the whole supply chain. As these supply chains are hard to control and
monitor, the MNCs bear a large responsibility and also a risk (Villena & Gioia, 2020). Thus, Mc
Grath et al. (2021) state: “Managers now need improved transparency around supplier sustainability
practices and processes to better manage these risks…” (p.68). This information has been concerned
with quality and quantity amongst other basic measures, but has shifted towards indicators such as
water and energy usage, waste management, as well as recycling activities (McGrath et al., 2021).

1.1.2 How Blockchain Matches the Need

With these aforementioned issues in mind, it becomes apparent that measures need to be taken to
ensure that supply chain management practices meet the demand of trusted and transparent data.
Furthermore, the dynamic relationship between businesses and the environment requires a system
that collects real-time data across supply chain partners (Park & Li, 2021). This is where blockchain
comes into play, as it offers immutable, distributed, and transparent data. The issues and demands on
current supply chain management processes match very well with the characteristics and capabilities
of blockchain, which is why companies now have started using this technology in supply chains
(Saberi et al., 2019). Apart from improving efficiency, reducing costs and complexity, blockchain
has an impact on the sustainability performance of supply chain processes (Kshetri, 2018). European
Parliamentary Research Service (EPRS, 2020) highlights the importance of transparency that
blockchain brings, as the technology increases the responsibility of each supplier, shifting the
accountability from the large MNC and distributing it over all tiers of the supply chain. Furthermore,
the transparency capability of blockchain matches very well with the fact that today’s consumers,
and especially generation Z, are paying attention to what large MNCs do, how they produce, and
how seriously they take the issue of sustainability. This generation is more willing to pay a higher
price for sustainability, if they trust that the purchase is as green as it says (Ghosh, 2022).

Another crucial point is that the European Commission plans to set new regulations in their Product
Environmental Footprint (PEF) program, which aims at forcing businesses to take responsibility for
their carbon footprint to reduce the overall impact (European Commission, 2021). Businesses must
not only calculate their footprint correctly but also disclose this information to the customers. The
main change from previous regulations is that now organizations have to shift their top-down
approach and start measuring sustainability on the product-level instead, which blockchain is a
suitable technology for (Venkatesh, 2022). Consequently, traceability and transparency will not only
be a competitive and strategic choice of each company, as it is today, but in the future also
mandatory according to law. Blockchain may or may not be needed to comply, but it will indeed
make it easier for companies to track and trace their products and calculate carbon footprints.
Venkatesh (2022) means that traceability and transparency is a technological challenge that
companies now must start to manage with blockchain and other technologies such as Internet of
Things (IoT) and Artificial Intelligence (AI).
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1.2 Problem Definition
While the requirements on organizations to collect and disclose transparent and trusted data
increases, the number of platforms and applications for blockchain-based supply chains are
increasing as well. In addition, blockchain investments, and the literature on blockchain-based
supply chains are growing too (Casino et al., 2019; Statista, 2022). The literature brings up an
abundance of benefits that blockchain can offer for organizations striving for improving their
sustainability along the supply chain, yet the adoption of blockchain is still quite narrow and
small-scaled. This adoption gap between claimed potentials and actual applications is indicated by
several authors (Gaur & Gaiha, 2020; Kouhizadeh & Sarkis, 2018; Saberi et al., 2019). To the
authors’ best knowledge, this gap has not been investigated yet. In line with this, Kouhizadeh and
Sarkis (2018) suggest that future research should focus on the adoption and diffusion of blockchain,
as it is still in its early phases. Additionally, Saberi et al. (2019) state that “we propose future
research propositions and directions that can provide insights into overcoming barriers and adoption
of blockchain technology for supply chain management.” (p. 2117).

These above-mentioned aspects make it interesting to investigate to what extent blockchain is used
for sustainability in supply chain management, and why this presumed gap is present. Previous
literature has been focused on the different use cases and application areas for blockchain, however,
no investigation has been made on the adoption gap when it comes to sustainability applications.

1.2.1 Research Purpose

With the problem definition in mind, the purpose of this is twofold. First, to investigate and explore
how users and providers of blockchain-based supply chains are currently using the technology for
sustainability purposes. To assess whether the full potential is used or not, a thorough literature
review is conducted to point out the claimed potentials by researchers in this field. The purpose is
then to highlight the assumed gap to see what sustainability capabilities are not applied in businesses
today. This is done by conducting semi-structured interviews with companies and experts across
different industries. The objective of this is to spread awareness and a snapshot of how far the
blockchain-based supply chains have come with regards to sustainability applications.

Secondly, the aim is to provide a significant analysis and theory-building by addressing this gap and
analyzing why it is present. This is in line with what other researchers have proposed future research
to focus on, hence the aim is to contribute to filling this research gap. Therefore, this study
investigates driving forces and barriers of adoption and puts them in relation to adoption theories. In
particular, the Technology Adoption Life Cycle by Rogers (2003) and The Chasm by Moore (2014).
The purpose is to take the perspective of adoption and diffusion and generate a better understanding
of current issues regarding blockchain-based supply chains and sustainability use cases. By shedding
light on the gap and the most severe barriers, as well as discussing potential solutions, the aim is to
guide future research and practice to better target the issues of diffusing and scaling blockchain.
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1.2.2 Research Question

With regards to the problem definition and purpose of the thesis outlined in this chapter, two
research questions have been formulated. The main research question is:

To what extent are sustainability potentials of blockchain-based supply chains realized?

The second research question is based on the assumption that the answer to the first question will
show a gap, as indicated by the literature. Thus, the second question is as follows:

Why is there a gap between the claimed potential and reality?

1.3 Delimitations
To limit the research boundaries and set the scope, several delimitations have been made. First (1), a
decision was made to narrow the broad concept of sustainability, focusing on the environmental
pillar, leaving out social and economic sustainability. The main reason for this is the authors’ interest
in environmental sustainability, but also the growing awareness and commitment by consumers and
regulatory authorities to mitigate climate change issues. Second (2), the focus has been limited to
businesses and the tracking and tracing of their supply chain, thus leaving out financial,
governmental and other actors working with the blockchain technology. Third (3) and last, the
research focus is on the applications of blockchain without going in depth on the technology itself.
The technological aspects of blockchain are summarized in the first section of the literature review,
to make it possible for readers with different levels of initial knowledge to comprehend the study.
Instead, the focus is on the management of innovation and technology, which is also in line with the
academic background of the authors, as well as the presumed main audience.

1.4 Disposition
For clarity, Figure 1 below shows how the thesis is structured and which main chapters it contains.

Figure 1

Disposition of the Study
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2 Literature Review & Theoretical Framework

The following chapter provides findings from the literature review and presents the chosen
theoretical frameworks. It begins with background literature on blockchain, with the purpose of
giving the reader a necessary understanding of the technology. This is followed by literature on
supply chain management and sustainability benefits of blockchain-based supply chains. In section
2.2, a summary table with the most essential concepts is presented, which has been important for the
guidance of the primary data collection. At the end of the chapter, the theoretical frameworks of
technology adoption and diffusion are described.
______________________________________________________________________________

2.1 Blockchain-based Supply Chains

2.1.1 Blockchain Technology

In recent years, vast amounts of money have flowed into the financing of blockchain projects. Many
of these projects can be found in the financial industry as well as in blockchain infrastructure (Bocek
& Stiller, 2019). The first use case of blockchain technology was within the financial industry where
a developer, under the pseudonym Satoshi Nakamoto, invented the cryptocurrency Bitcoin, launched
in 2009 (Hayes, 2022). Today blockchain is used across multiple industries, and applications of the
technology can be found in health care, banking, voting systems and supply chains (Hayes, 2022).

Blockchain is a type of database that is distributed among multiple users, where no single participant
needs to be trusted (Esmaeilian et al., 2020). Therefore, blockchain functions as an immutable ledger
that can be used to conduct transactions in a decentralized manner (Zheng et al., 2017). The
blockchain data is shared on a peer-to-peer network and validated by a predefined protocol without a
central authority (Esmaeilian et al., 2020). This network maintains a common and thus distributed
list of expandable data records, so-called ‘blocks’, which are chained together by means of
cryptographic processes. Each block contains the unique value (hash value) of the previous block, a
timestamp, and transaction data (Dietrich et al., 2020). In a distributed ledger, data can only be
added, but changes and deletions are not possible, hence making it secure and trusted (Bocek &
Stiller, 2019). Figure 2 illustrates the differences between centralized, decentralized, and distributed
ledgers. This clearly shows the advantages of a distributed ledger, as the data is not held by just one
or several users, but is encrypted and anonymized by every user who is part of this network. As all
users have a copy of the blockchain, it prevents fraud, hacks and failure of the entire system
(Esmaeilian et al., 2020).
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Figure 2

Centralized vs. Decentralized vs. Distributed Networks

Note. Compiled from: Blockchain and Distributed Ledgers: Mathematics, Technology, And
Economics by Lipton & Treccani (2021, p. 3).

Blockchain technology can help solve various problems in the industry, thanks to its characteristics
of trust, transparency, security, and reliability of data processing. In addition, blockchain technology
has the potential to render obsolete previously important intermediaries and security providers such
as banks, accountants, and lawyers (Frizzo-Barker et al., 2020). This stated potential illustrates why
blockchain is often seen as a disruptive innovation. According to Fernando and Saravannan (2021),
blockchain can even “... disrupt almost every industry due to its ability to create a decentralized
tamper proof ledger network and carry out transactions without the need of a trusted third-party
intermediary.” (p. 88).

2.1.2 Types of Blockchain

A disadvantage that has already been discussed frequently in connection with the cryptocurrency
Bitcoin is the enormously high energy consumption (O'Dwyer & Malone, 2014). However, it must
be mentioned that the blockchain can be built on different algorithms and accordingly has different
levels of energy consumption. Furthermore, there are different ways and possibilities to use
blockchain technology, especially to ensure its security. In the following part of this section, the
most used algorithms of the blockchain technology will be described in more detail. More precisely,
a distinction is made between Proof of Work (PoW) and Proof of Stake (PoS). Furthermore, a
differentiation must be made between private and permissioned blockchains.

Blockchain Algorithms: PoW vs. PoS
Bitcoin for example, is based on the PoW algorithm. This decentralized mechanism requires miners
to solve cryptographic equations by trial, which consumes a lot of energy due to vast amounts of
computations (Frankenfield, 2021; Hertig, 2020). With this mechanism, new blocks can be added to
the blockchain and the security can be ensured. Fortunately, the PoW method is not required to
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create consensus when blockchain is used in a closed system (private and permissioned), hence
simpler approaches can be used to determine who is entitled to add the next block (Gaur & Gaiha,
2020).

Another algorithm of the blockchain is the PoS-approach, which basically is a proof of ownership of
the blocks (King & Nadal, 2012). Even though both algorithms have similar objectives, they have
fundamental differences in validation for new blocks of the blockchain network (Geroni, 2021).
With PoS, network participants get selected to add the latest batch of transactions to the blockchain
(Hertig, 2020). Thus, the block leaders are not selected by computational power, as with PoW, but
based on the stakes that they are holding, rather than running hash functions (Nguyen et al., 2019).
PoS can indeed replace most of PoW’s functions and is similarly difficult to forge (King & Nadal,
2012). Subsequently, the amount of computational power and, therefore, the energy consumption
can be reduced considerably (Geroni, 2021). For this reason, blockchain technology networks based
on PoS are considered more sustainable than on a PoW basis (Li et al., 2020).

These two consensus mechanisms are the most important and commonly used ones but there are also
other algorithms. For example, Litke et al. (2019) mention Practical Byzantine Fault Tolerance
(PBFT), Proof of Elapsed Time, and Proof of Authority. However, they state that there is currently
no common approach to use in supply chain management (Litke et al., 2019).

Public, Private and Permissioned
Blockchain systems can be public, private or permissioned, based on who is permitted to be a user or
operate a node on the blockchain. In a public system, any computer can join the network and take
part in validating data modifications (Pisa & Juden, 2017). According to Chang et. al. (2019) public
blockchains permit any node in the chain to transact and participate in the consensus process.
Accordingly public blockchains can be inspected by anyone (Pisa & Juden, 2017). The most
well-known example is the cryptocurrency Bitcoin, where no permission is needed to join and the
users remain anonymous (Androulaki et al., 2013).

Purely private blockchain systems on the other hand, only allow a limited number of approved nodes
to participate in the process (Chang et al., 2019). This means that the participants are known, and
data is only shared among this certain group of actors (Kouhizadeh & Sarkis, 2018). When using
blockchain internally within a single organization, the decentralized and immutable benefits of
blockchain are limited compared to other technologies. These benefits are most prevalent when
implemented across organizations, where trust issues are present (Chang et al., 2019; Kouhizadeh &
Sarkis, 2018).

The permissioned blockchain system is a mixture of public and private blockchain. All participants
are known, but they can also come from outside the company if they get permission to join. Hence,
in a permissioned system, according to Pisa & Juden (2017), a membership of validating computers
is restricted. This means that a permissioned blockchain is a way to secure dealings between a group
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of entities that pursue a common goal but do not fully trust each other, such as companies that
exchange money, supplies or information (Androulaki et al., 2018). Consequently, a private
permissioned blockchain with known identities is a valid option for businesses, especially for those
wanting to use blockchain within supply chains (Androulaki et al., 2018).

2.1.3 Suitable Blockchains for Supply Chains

The above-mentioned technical aspects make clear that a private permissioned blockchain is most
suitable for businesses. This is due to the fact that information is only available for the participants
of the blockchain and in this case - the supply chain. There are four key concepts of blockchain for
businesses: shared ledger; permissions; smart contract; consensus (Gupta, 2018).

A shared ledger records and shares all transactions among all participants in the business network
and is known to be the single source of truth (Chang et al., 2019). Shared ledgers are nothing new to
the business world. What is new is that the ledger is shared and distributed simultaneously.
Consequently, there is an unalterable ledger of all transactions that can be accessed by all network
participants, eliminating the redundancy typical of conventional business networks (Gupta, 2018).

The second key concept is permissions. As discussed earlier, there are public and private
permissioned blockchain systems. By restricting access to transaction details, more transaction
details can be kept on the blockchain and participants can state which transaction information they
want others to see (Gupta, 2018). In most supply chains, the stakeholders are known and trusted.
Additionally, a supply chain network is unlikely to tolerate open access, as its participants do not
want to share proprietary details such as demand, capacity, orders, prices, and margins at all stages
of the value chain with unknown participants (Alicke et al., 2017). As a result, most
blockchain-based supply chains will need to be permissioned, with access centrally regulated and
constrained to known parties, who in turn may be restricted to certain segments of data (Alicke et al.,
2017).

Another crucial part of blockchain for businesses are smart contracts. IBM defines smart contracts
as follows: “Smart contracts are simply programs stored on a blockchain that run when
predetermined conditions are met.” (IBM, n.d). Cong and He (2019) further state that smart
contracts are digital contracts whose terms depend on decentralized consensus, are tamper-proof and
are usually self-enforcing through automatic execution. This makes blockchain-based supply chains
more efficient and less time consuming than traditional ones.

When it comes to the consensus mechanism of blockchain technology within supply chains, it has
already been discussed that the PoW method chosen for the public blockchain is not preferred.
Instead, blockchain platforms most certainly use the common PoS algorithm. In a business network
where nodes are known and trusted, transactions can be validated by consensus (agreement) and
recorded in the ledger (Gupta, 2018). According to Gupta (2018), the consensus mechanisms vary
from blockchain to blockchain and “requires pluggable consensus - a way to implement whichever
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consensus mechanism is deemed best for any given industry segment.” (p. 17). This shows the range
of potential consensus types that can be used for blockchain-based supply chains. It should be noted
that what has been elaborated regarding the blockchain technology is only a minor part of this
extensive technology.

2.1.4 Blockchain & Supply Chain Management

Supply chains deal with large amounts of flows, both in terms of information, products and
materials, as well as financial flows, which requires robust and efficient management (Saberi et al.,
2018). To achieve excellence in supply chain management, companies strive to build supply chains
that respond to sudden and unexpected changes in the market. Thus, flexibility is critical, especially
in today’s changing markets. Flexible supply chains have the advantage of being able to respond
both quickly and cost-effectively, hence minimizing the speed-cost trade-off (Bolstorff et al., 2007).

Flexibility is one of the five common supply chain management objectives. The others are speed,
dependability, cost, and quality. However, sustainability is becoming more integrated into the list of
objectives - a trend that has been mostly driven by consumers’ growing sustainability consciousness
(Kshetri, 2018). Saberi et al. (2019) argue that today’s centralized Enterprise Resource Planning
(ERP) systems lack the security needed to build trust and prevent errors, hacking and attacks.
However, there are various ways in which blockchain can improve not only sustainability but all the
objectives of supply chain management in a secure and trusted way (Kshetri, 2018). To mention a
few: Costs can be reduced by optimizing resource usage; reducing paperwork; and improving
targeting of products to be recalled instead of recalling whole product lines. Speed is fastened by
replacing human interaction with automation and digital technologies. Greater dependability is
introduced as blockchain allows data to be collected on actor activities, ensuring supplier
accountability. This further leads to higher quality, as detection of low-quality materials, processes
and activities will be visible. Lastly, flexibility is improved thanks to the collection of real-time data
that makes it possible to meet consumer demands easier (Kshetri, 2018). In section 2.2, the
implications of using blockchain in supply chains on environmental sustainability will be elaborated
upon in detail, as this is the purpose of the thesis.

Figure 3 below shows how the structure of relationships between stakeholders transforms as a result
of the transition from a traditional supply chain to a blockchain-based supply chain. Instead of
having a linear flow of information, data is now decentralized and distributed on a peer-to-peer
network. The main change is that now all supply chain parties have direct access to the product
profile and all information that it contains (product type, location, quality, quantity, ownership, etc.)
(Saberi et al., 2019). Having individual copies of the data means that everyone can check the
transaction status, identify inaccuracies and thereby hold each other accountable for possible errors
or frauds (Gaur & Gaiha, 2020). Lastly, obtaining access to real-time data across the supply chain
affects all of the five main objectives of supply chain management, but also the sixth - sustainability,
as already mentioned above (Kshetri, 2018).
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Figure 3

Traditional versus Blockchain-based Supply Chains

Note. Adapted from: Blockchain technology and its relationships to sustainable supply chain
management by Saberi et al. (2019, p. 2121).

According to Bai & Sarkis (2020), IBM has become a pioneer in blockchain-based supply chains.
IBM provides blockchain SaaS to businesses who want to use the technological infrastructure
without building it themselves. However, there are several other providers as well, offering
cloud-based platforms where companies can build and use their own applications (Frankenfield,
2021).

2.1.5 Challenges of Blockchain-based Supply Chains

So far, the literature review has been focused on the positive and beneficial aspects of integrating
blockchain technology into the supply chain. However, the downsides must be given attention,
otherwise there would be little to no question why many companies are still not using it.
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Organizations that want to be innovative will face several challenges while implementing
innovations like blockchain. In general, successful innovation depends on a range of capabilities that
need to be combined by the company, such as access to financial resources, understanding market
needs, hiring highly qualified personnel, and establishing effective interaction with stakeholders
(D'Este et al., 2012). Furthermore, Kirsner (2018) states that the main innovation barriers in larger
companies are “... politics, turf wars, and a lack of alignment; cultural issues; inability to act on
signals crucial to the future of the business; lack of budget; and lack of the right strategy or vision.”
(p. 1). According to Haag (2014), one of the main barriers to innovation adoption is organizational
inertia. This is due to the fact that companies are organized to deliver predictable and robust results
(Anthony et al., 2019). Additionally, innovation adoption requires large internal changes, which
leads businesses to prefer the status-quo even if it is inefficient (Haag, 2014). Furthermore, Peppard
& Ward (2002) mean that before implementing new IT/IS solutions, an organization must do a
stakeholder analysis to make sure that intended change and benefits are realized. They continue by
stating that:

Often, projects fail because of the lack of cooperation of parties who were not considered
material to the system’s success, but whose ability or willingness to accept change or
otherwise is essential, requiring their active cooperation in delivering the real business
improvements required. (p. 446)

Hence, all parties affected by the new blockchain system for managing the supply chain must be
identified and analyzed with regards to their attitude and potential resistance.

Considering the implementation of the blockchain technology in businesses, several authors name
similar barriers to the general ones mentioned above. Nevertheless, some are more specific and
emphasize barriers with blockchain in relation to supply chain management. According to Saberi et
al. (2019) barriers hindering blockchain adoption can be divided into: intra-organizational,
inter-organizational, technical and external barriers. The intra-organizational barriers are top-down
flaws such as missing commitment, wrong support, lack of awareness and wrong resource
allocations. On the contrary, inter-organizational barriers are related to supply chain partners. They
further state that integrating an information technology like blockchain along the supply chain can
be challenging. The same applies to system-side or technical barriers. New technologies require new
tools. This can be very challenging for supply chain participants, especially with a new technology
that is still in its early development. Venkatesh (2022) adds another vital technical point which is the
fact that blockchain must be combined with other technologies such as IoT and AI to unite the
physical and digital world. Lastly, the external barriers are stemming from external actors,
organizations or governments that are not directly involved in the supply chain activities and
therefore do not benefit economically from the process (Saberi et al., 2019).
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Other researchers bring up further barriers to blockchain adoption in organizations. Mathivathanan et
al. (2021) argue that data privacy is a major concern for many businesses as well, because as soon as
information is uploaded to the digital ledger, it cannot be removed and therefore is available on the
blockchain forever. According to Kouhizadeh et al. (2021), the biggest challenge is the lack of
awareness among customers regarding blockchain technology in the area of sustainability. In most
cases, this is due to ineffective communication and collaboration between different actors. This is
partly due to the fact that blockchain technology has a negative reputation, thanks to the very
energy-consuming cryptocurrency Bitcoin (O'Dwyer & Malone, 2014).

2.2 The Potential of Blockchain for Sustainable Supply Chains
The potential capabilities of blockchain to reshape supply chain management is discussed and
investigated in numerous papers. Park and Li (2021) highlight that the technology behind
blockchain, with its distributed ledgers, improves transparency, efficiency, reliability, and
traceability, which they argue will have the potential to improve both social and environmental
performance. In line with this, Kouhizadeh and Sarkis (2018) mean that of all new technological
advancements available, blockchain is the most promising with regards to supply chain management
and sustainability.

Sustainable supply chain management should emphasize all three pillars of sustainability when
setting up the supply chain practices (Svensson, 2007). Several papers investigate the relationship
between blockchain and the three pillars of sustainability (Kouhizadeh and Sarkis, 2018). As
aforementioned, this paper looks into the environmental aspects of sustainable supply chain
management. Park and Li (2021) state that the main criteria that can be assessed when it comes to
environmental sustainability are “... utilization of resources, energy efficiency, the amount of waste,
and level of emissions from business activities.” (p. 6). These and other environmental criteria and
characteristics are explored and investigated in this section.

2.2.1 Blockchain-based Supply Chains and Environmental Sustainability

In this part, capabilities of blockchain that bring sustainability benefits to the supply chain
management will be described. To make it as clear as possible, different sources of information from
various researchers will mostly be presented one by one. The first two sources of potential benefits
presented in this paper are the Association for Supply Chain Management (2021) and Kouhizadeh
and Sarkis (2018). These two sources exhibit blockchain benefits related to sustainable supply
chains in a supply chain model. This model is shown in a simplified version in Figure 4 and the
benefits they have identified are presented below. The stages of this supply chain model will later be
related to the other sources of potential sustainability benefits that blockchain offers.
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Figure 4

Simplified Supply Chain Model

Note. Compiled from: Blockchain Practices, Potentials, and Perspectives in Greening Supply
Chains by Kouhizadeh & Sarkis (2018, p. 5).

Figure 4 shows a supply chain model that includes five supply chain activities impacting the
sustainability of the chain. In the first stage, supplier management and vendor selection are
important as lower-tier suppliers often have the largest effect on the overall sustainability
performance of the supply chain (Kouhizadeh & Sarkis 2018; Villena & Gioia, 2020). Villena and
Goia (2020) highlight that controversies often occur at the first-tier suppliers, and where
non-compliance with standards is most prevalent. At this stage, blockchain can assist the focal firm
in vendor selection based on sustainability performance measures, thus making it easier for the
company to select green suppliers (Kouhizadeh & Sarkis, 2018). It can also help the focal company
to see when and where suppliers breach sustainability policies, so that they can tackle the issue as
soon as possible and work with supplier development (Association for Supply Chain Management,
2021).

In the second stage, they bring up purchasing as one of the activities that is affected by the capability
of blockchain to collect and store characteristics of product transactions. By making this information
transparent, suppliers can make better informed purchasing decisions and select greener products
(Kouhizadeh & Sarkis, 2018). According to Kouhizadeh and Sarkis (2018), this capability of
collecting reliable sustainability information instead of estimating the data is “a revolutionary
contribution of blockchain technology.” (p. 7). Furthermore, in the second stage, traceability offers a
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robust solution to warehousing, materials management, and logistics issues. Blockchain keeps track
of real-time data that can lead to better forecasting, waste reduction and more efficient use of
resources (Kouhizadeh & Sarkis, 2018). By tracking the transportation performance, blockchain can
also improve the driving practices of either their inhouse or third-party logistics and thus reduce
greenhouse gas emissions (Kouhizadeh & Sarkis, 2018). Lastly, in this second stage, warehousing
and inventory management can be improved and lead to less waste and loss of material.

In the third stage of internal production and operations management, there are again multiple ways
in which blockchain can contribute to activities being done in a more sustainable manner. For
instance, it can help in managing the ISO14001-related data, and other certifications, that are needed
to demonstrate compliance with standards, as well as track data related to eco-design and production
processes. It is important to note that this stage is influenced by upstream activities, such as resource
and inventory management in stage two (Kouhizadeh & Sarkis, 2018). Furthermore, during
production, blockchain can measure performance in terms of sustainability and continuous
improvement, and also store data for life cycle analysis.

In the fourth stage, outbound logistics, the authors refer to warehousing, transportation, distribution
and marketing of products, which should be done in a green way. Here, blockchain’s capability of
real-time data and transparency makes it possible to plan and operate in a more resource-efficient
manner. It also contributes to the sharing economy as it enables businesses to share for example
warehousing space or transportation capacity to others via crowdsourcing platforms. Furthermore,
blockchain can trace the packaging to see whether it is recycled and reused by the company, and
thereby incentivize greener packaging that results in more efficient resource utilization (Kouhizadeh
& Sarkis, 2018). Lastly, as elaborated on earlier, consumers increasingly demand green products and
by having blockchain information easily accessible to consumers on the package of the product, they
can see if the product is actually green or not (Kouhizadeh & Sarkis, 2018).

The final fifth stage is about reverse logistics, where the main issue that supply chain management
struggles with is to locate the product or material that needs to be restored. Here, the tracing
capability ensures that the location and ownership information is accessible and hence makes the
circular economy approach much easier and efficient to operate (Kouhizadeh & Sarkis, 2018).

The last important capability of blockchain brought up by Kouhizadeh and Sarkis (2018) is
tokenization which can be used to create incentive systems. These systems use cryptocurrency
tokens to incentivize green behavior along supply chains. For example, consumers and organizations
can be rewarded for purchasing green products and energy, or for recycling the waste materials.
Another application of tokenization is to change drivers’ behavior during transportation by
rewarding sustainable driving (Kouhizadeh & Sarkis, 2018).

Another article by Esmaeilian et al. (2020) brings up four related sustainability capabilities of
blockchain technology: “(1) promoting green behavior; (2) enhancing product lifecycle visibility; (3)
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improving operations and systems efficiency; and (4) improving sustainability reporting and
monitoring.” (p. 8). Green behavior refers to the whole life cycle of a product, from purchasing
decisions to usage and to the post-use handling of the product. Blockchain can be used to create
incentives and reward sustainable behavior through this life cycle by using tokenization (Esmaeilian
et al., 2020). For example, a company can be rewarded with crypto tokens if they behave in an
eco-friendly manner on the blockchain platform, for instance when buying a green product or
recycling used ones. However, it is important that the blockchain platform is designed in a way so
that the earned tokens can only be spent on eco-friendly products and services (Esmaeilian et al.,
2020). Enhancing visibility, which is the second point by Esmaeilian et al. (2020), is instead about
collecting data on the product throughout its life, by taking the necessary sustainability measures in
order to reduce its footprint. This process is something that has been hard or even infeasible to track
prior to blockchain technology. By managing and analyzing this data, organizations can improve
eco-design, manufacturing, logistics and other phases of the product’s life cycle to make it more
sustainable (Esmaeilian et al., 2020). As Park and Li (2021) mention, enhancing visibility is mainly
about transparency, where blockchain enables valuable real-time information sharing within the
network. The third potential benefit brought up by Esmaeilian et al. (2020) is increased efficiency
and reduced costs, especially the cost of verification and networking. A sustainability benefit of this
is that companies can achieve increased efficiency in energy trading on peer-to-peer energy markets
(Esmaeilian et al., 2020). Lastly, Esmaeilian et al. (2020) emphasize the importance of sustainability
reporting and monitoring, which is improved by blockchain technology. Being able to disclose
trusted information is appreciated by both stakeholders and end consumers as it reduces information
asymmetry (Esmaeilian et al., 2020).

The third source of the potentials of blockchain is Saberi et al. (2019) who emphasize four main
environmental sustainability application benefits that blockchain offers in supply chain management.
These four potential benefits are: (1) by its tracking capabilities, it can more efficiently trace
deficient products and thereby reduce rework and recall, thus reduce waste, resource consumption
and emissions; (2) through tracing and transparency, it enables the verification of allegedly green
products; (3) it can incentivize and improve recycling by using tokenization and financial rewards in
recycling programmes; (4) it enables a more efficient and secure process for emissions trading
(Saberi et al., 2019).

Moreover, Park and Li (2021) have identified three main areas where blockchain can improve the
environmental aspect of supply chain management. First, it can lead to a reduction of emissions
along the supply chain, as it keeps track of where and how much of different substances have been
emitted. For example, it is possible to track carbon emissions, water usage, chemical usage, and
other environmental indicators. Thus, participants along the supply chain get incentivized to operate
more sustainably, and if any of the participants are not complying with regulations, it is easier to
detect and take corrective actions to solve the problem. Second, as blockchain allows for obtaining
the exact origin of raw materials, it can help in avoiding degradation of resources and reach a more
sustainable ‘resource-use rate’. Third, it improves waste management by keeping track of the
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amount of waste, and recycling practices, along the supply chain, which offers both cost reductions
and a better environment (Park & Li, 2021). In contrast to the previously mentioned sources in this
literature review, Park and Li (2021) only highlight potential sustainability benefits related to
blockchain capability number one and two in Table 1.

As an end to this section, it is important to once again point out that energy consumption is needed
to run the blockchain technology and the amount can be extremely high depending on the algorithm
used. However, blockchain has the potential to improve energy utilization by establishing internal
energy & emission trading systems (Kouhizadeh & Sarkis, 2018). Sharing information about energy
consumption among the blockchain network participants helps to facilitate resource allocation, as
well as reduce the overall energy consumption (Kouhizadeh & Sarkis, 2018). A similar application
is brought up by Saberi et al. (2019) who emphasize the capability of blockchain to facilitate better
carbon asset trading. With real-time and secure data, organizations can more efficiently collaborate
and trade carbon assets amongst each other. In other words, blockchain can be used to establish
distributed, peer-to-peer trading systems internally among the supply chain partners in a more
trustworthy and secure way than before (Kouhizadeh & Sarkis, 2018; Saberi et al. 2019).

2.2.2 Literature Review Summary: Capability Framework

In this section, a summary of the previous-mentioned benefits identified in the literature will be
presented in Table 1. The supply chain model presented above (Figure 4) will be used to locate not
only the potential benefits that the Association for Supply Chain Management (2021) has presented,
but also the benefits brought up by the other authors listed above (Esmaeilian et al., 2020; Park & Li,
2021; Saberi et al., 2019). In total, nine capabilities have been identified with potential for improved
sustainability outcomes in supply chains. The list of potential benefits is non-exhaustive and the
relation between capabilities and benefits may overlap in reality. This means that a capability can
lead to other benefits not brought up here, and, a benefit can be realized thanks to one of the other
nine capabilities too. Thus, it is not a strict outcome of merely one of them. However, Table 1
represents the common pattern that has been identified in the reviewed literature.

Table 1

Capability Framework: Blockchain’s sustainability capabilities

Blockchain
capability Activity Sustainability benefits SC

location Author(s)

1.
Tracking
environmental
performance of
suppliers

Vendor selection
& Supplier

development

Reduced footprint due to
pressure to comply with
regulations and policies

1

Esmaeilian et al.
(2020); Park &
Li (2021);
Kouhizadeh &
Sarkis (2018)
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2.
Tracking the
materials & waste
management

Resource &
Waste

management

Avoiding degradation of
resources & reducing
waste along the SC

All

Park & Li
(2021);
Kouhizadeh &
Sarkis (2018)

3.
Tracking logistics
information

Warehousing &
Transportation

Reduced greenhouse gas
emissions during

transportation and reduce
material loss

2 & 4

Kouhizadeh &
Sarkis (2018);
Esmaeilian et al.
(2020)

4.
Collecting data on
sustainability of
production

Production &
Operations

management

Improved eco-design,
easier management of

certifications, continuous
improvement

3

Kouhizadeh &
Sarkis (2018);
Esmaeilian et al.
(2020)

5.
Collecting data on
packaging
material

Packaging
management

Improved packaging
practices: re-use and

lengthen its life.
4 Kouhizadeh &

Sarkis (2018)

6.
Decentralization
of energy &
emissions
management

Energy &
emissions

trading

Reducing energy
consumption/shift to

renewable energy, and
improve resource

allocation

2,3,4

Saberi et al.
(2019);
Kouhizadeh &
Sarkis (2018)

7.
Verification &
transparency of
green products

Green
purchasing

Reducing information
asymmetry and false

greenwashing
2 & 5

Kouhizadeh &
Sarkis (2018);
Esmaeilian et al.
(2020); Saberi et
al. (2019)

8.
Trace location of
products

Reverse logistics Reduce rework and
recalls 5

Kouhizadeh &
Sarkis (2018);
Saberi et al.
(2019);
Esmaeilian et al.
(2020)

9.
Tokenization

Building
incentive /

Reward system

Greener consumption
and behavior All

Kouhizadeh &
Sarkis (2018);
Saberi et al.
(2019);
(Esmaeilian et al.
(2020)

Table 1 presents the label put on the identified sustainability potentials of blockchain. Further, it
states what type of business activities are related, as well as the most relevant outcome
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improvements that the capability can facilitate. In the third column, it is shown where in the supply
chain this improvement is most prominent, referring to Figure 4 above. The last column indicates
which authors have mentioned this capability. Important to note is that the blockchain capabilities
can certainly lead to other benefits related to economic and social sustainability. However, these will
not be brought up in this study as the focus will be on environmental sustainability.

2.3 Technology Adoption & Diffusion Frameworks

2.3.1 Technology Adoption Life Cycle

“Getting a new idea adopted, even when it has obvious advantages, is difficult.” (Rogers, 2003, p.1).
With this quote, Rogers (2003) initiates the first chapter of his well-known book Diffusion of
Innovations, first published in 1962. Diffusion is defined by Rogers (2003) as the process of
communicating new ideas, in particular innovations, within a social system. This process can face
numerous challenges, thus making diffusion slow. It lies in the very nature of the definition of
diffusion - it is something new that is communicated, which means that the uncertainty is high.
Some innovations are diffused rapidly, others take more time, and some will fail and never reach the
majority of the social setting they target (Rogers, 2003). Diffusion failure can be due to several
reasons. One famous example is the ‘Dvorak keyboard’ layout that failed to reach the mass market
due to the already established standard of using the QWERTY layout instead, even though the latter
was inferior in terms of efficiency (David, 1985). Rogers model of adoption and diffusion of new
technologies was initially developed for the business-to-consumer relationship, however, researchers
have used it in business-to-business contexts as well. For example, Hameed et al. (2012) and Rhein
(2021) use it to describe how organizations adopt innovations. For the purpose of this study, all
theoretical frameworks will be used and analyzed in a business-to-business context. Adoption
decisions by organizations will always be made by individuals, and thereby perceptions, attitudes
and expectations will affect the adoption processes. Rogers (2003) acknowledges that the adopter
might be another unit than an individual:

Most research on the attributes of innovations and their rate of adoption utilized individuals as
the units of analysis, but this need not be the case. For instance, why not use organizations,
communities, or some other systems as the unit of analysis? (p. 139)

Rogers (2003) continues with examples of researchers that have used the framework for analyzing
innovation adoption at the organizational level. Additionally, it can be noted that all respondents
using a blockchain platform in this study are customers of a SaaS, and can therefore be seen as
consumers and users of this technology. As a last point, Rogers (2003) states that when using the
model on the organizational level, it should be considered that the speed at which innovations are
adopted can take longer time, as more individuals are involved in the decision process.
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Driving Forces and Barriers
To understand why some technologies succeed, whereas others fail, it is necessary to be aware of
factors affecting the adoption decision. As with all decisions, there are both advantages and
disadvantages that need to be considered when deciding whether to adopt a new technology or not.
However, in this thesis it is not the question whether to adopt blockchain or not, but rather about its
different capabilities which are listed in Table 1. Nonetheless, in this research, the same logic and
reasoning is behind such adoption decisions as well. This paper has already gone through several
positive effects of integrating blockchain into supply chains. In addition, challenges and barriers to
keep in mind have been described in section 2.1.5. More general driving forces and barriers when it
comes to adopting innovations are emphasized by Rogers (2003) who takes the reader through the
‘innovation-decision process’. This process starts with the knowledge stage, where the individual or
organization becomes aware of the new technology. Next, the decision-making unit builds and forms
an attitude towards it, before making an adoption or rejection decision in the last stage. What is a
crucial aspect that permeates this process is the uncertainty that must be dealt with, as innovation in
its essence is something new and often relatively untested.

There are, according to Rogers (2003), five main characteristics of innovations that make adoption
rates different, hence they can either be driving forces or barriers for adoption. First (1), the relative
advantage of the innovative technology per se. Second (2), how compatible it is with existing values
and norms within the social system. Third (3), the complexity of the innovation and thus how easy it
is to understand it. Fourth (4), trialability, meaning to what extent one can experiment and test the
innovation at a small scale. And last (5), to what degree one can observe the result of using the
innovation (Rogers, 2003). What Rogers (2003) highlights is that innovation diffusion is often
viewed from the perspective of differences among potential adopters, for example risk appetite,
taking the innovation as given and equal. This is a dangerous simplification to make, according to
Rogers (2003). Instead, he indicates that innovations are different in all five characteristics as
mentioned above, which in turn affects the adoption rate and magnitude. As a summary, Rogers
(2003) means that innovations with greater relative advantage, more compatibility, less complexity,
greater trialability and observability will be adopted faster. Thus, leading to a greater and more rapid
diffusion. In other words, these five are drivers of the adoption rate, yet they can easily be turned
into barriers if the innovation instead had the opposite attributes. As an example, if the innovation
was perceived as having low instead of great relative advantage, it becomes a barrier to adoption. It
is important to note that even though these five attributes are considered objective, decision-making
units will have subjective perceptions that will affect the adoption and diffusion (Rogers, 2003).

These five characteristics can be seen as being on a scale, where it could be either a barrier or a
driver for adoption, or somewhere in between. This is how Moore and Benbasat (1991) used
Rogers’s framework to study the implementation problems of IT systems in organizations, which has
become a well-known study with over 12,000 citations. An interesting aspect of the study by Moore
and Benbasat (1991), is that they added two characteristics, which can be seen as driving forces to
adopt a new IT technology. These two were ‘image’ and ‘voluntariness of use’. The first is described
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as “the degree to which use of an innovation is perceived to enhance one’s image or status in one’s
social system” (Moore & Benbasat, 1991, p.195). This aspect has been defined by Rogers (2003)
and other researchers to be part of the relative advantage, which is already one of the five
characteristics. The second added attribute is defined as “the degree to which use of the innovation is
perceived as being voluntary, or of free will." (Moore & Benbasat, 1991, p. 195). Both of these two
additional attributes relate well to the blockchain technology, as status might be given to those
organizations able to implement such a complex technology and make use of its sustainability
capabilities in order to achieve transparency towards consumers. Voluntariness can as well be related
to driving forces of implementing blockchain in the sense that organizations might feel pressured to
trace and disclose sustainable information in a reliable and transparent way.

As a next step to construct a model for adoption and diffusion, Rogers (2003) divides adopter
categories into five distinct groups who all share a certain degree of innovativeness within each
group. Innovativeness in this sense is described as “...the degree to which an individual or other unit
of adoption is relatively earlier in adopting new ideas than other members of a system” (Rogers,
2003, p. 22). These categories are shown in Figure 5, and typically follow the normal distribution.

Figure 5

Technology Adoption Life Cycle

Note. Adapted from Diffusion of Innovations by Rogers, (2003, p. 171).

Rogers (2003) points out that this distribution of adoption is typically followed when innovations are
successful, thus not taking failed innovations into consideration. The underlying logic is that
technologies are thought to be absorbed by different organizations and individuals in stages
associated with different social profiles and attitudes towards innovations (Moore, 2014). Innovative
technologies are said to be diffused from left to right, starting with the innovators (Moore, 2014).
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To Rogers (2003), innovators are those who are willing to try out new ideas and innovations and
experiment with them, when success is still uncertain. They are often characterized as ‘technology
enthusiasts’. Early adopters are also early purchasers of a new technology, but do not adopt due to
enthusiasm, but rather because they find it easy to imagine the benefits of a new product.
Additionally, as they are among the first in the market to adopt, they expect to see competitive
advantages (Moore, 2014). They are more likely to be role models in the social system and thereby,
they are important for the adoption rate. They seldom seek feedback from other users but are instead
relying on their own intuition and visions (Moore, 2014). The early majority instead, has a more
wait-and-see approach and prefer to stay with the status quo. They emphasize the practicality of the
technology and adopt only when it works properly (Moore, 2014). This group is essential to attract
as it makes up roughly one third of the adoption life cycle, but they need trustworthy references
before they purchase (Rogers, 2003). The late majority adopters are more cautious and might need to
be persuaded by their network or see some proof of success before they adopt. They are less
comfortable with new technologies and oftentimes wait until it has become a standard in the market
(Moore, 2014; Rogers, 2003). Laggards are the last ones to adopt. They are skeptical and oftentimes
not interested in new technologies, both for personal and economic reasons (Moore, 2014). Due to
the fact that this group is hard to attract in combination with being a relatively small part of the
market, it is often not worth pursuing them (Moore, 2014).

As a summary to the Technology Adoption Life Cycle, and Roger’s framework in general, one can
state that the adoption decision when it comes to innovative technologies will be driven or barriered
by two factors. First, the characteristics of the innovation itself, which are objective measures but
subjectively assessed, and secondly, the type of adopter category to which the decision unit belongs.

Critique Against the Technology Adoption Life Cycle
There are different views on the diffusion of innovation model and several papers discuss its
usefulness. Particularly related criticism is posed by Lyytinen and Damsgaard (2001) who argue that
Rogers model and framework is of less use for complex IT technologies. The main argument in their
paper is that “...complex IT solutions should be understood as socially constructed and learning
intensive artifacts…” (p. 173), implying that these technologies can be adopted for various reasons
that are not covered by the Technology Adoption Life Cycle (Lyytinen & Damsgaard, 2001). In
short, they propose a new framework for analyzing the adoption and diffusion of IT innovations,
with regards to its characteristics of being less distinct and precise compared to traditional
innovations such as hardware products (Lyytinen & Damsgaard, 2001). However, this framework
will not be discussed in detail as it is newer, less tested and less well-known than the theories chosen
in this study1. Their model is addressed to show awareness that other researchers have criticized
Rogers model for being inapplicable when it comes to IT innovations. Nevertheless, the aim is not to
find the best model, but rather to use general, easy-to-understand and reputable models to guide the
reasoning of why adoption of blockchain capabilities might be slow.

1 Assumption is based on the number of citations, according to Google Scholar.
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Another form of critique is posed by Moore (2014), who developed a re-work of Roger’s model,
after evidence had shown that there was something ‘wrong’ with the initial Technology Adoption
Life Cycle. He proposed that there were cracks in the curve, meaning that the diffusion process is
not as smooth as the model suggests. Section 2.3.2 will elaborate on this in more detail.

2.3.2 The Chasm

Between the categories of early adopters and early majority, researchers have identified a so-called
‘Chasm’, where innovations sometimes get stuck and do not reach the majority (see Figure 6).
Geoffrey Moore, organizational theorist and management expert, is known for his book Crossing the
Chasm (first published in 1991) where he, as a response and further work on Rogers model,
highlights the difficulties for new innovations to be adopted by the mass market:

To be specific, the point of greatest peril in the development of a high-tech market lies in
making the transition from an early market dominated by a few visionary customers to a
mainstream market dominated by a large block of customers who are predominantly
pragmatists in orientation. (Moore, 2014, p. 6)

Moore (2014) continues to indicate that this gap is often ignored, but that crossing the chasm should
be a priority for businesses selling an innovation, as it is required for success and profitability.

Figure 6

The Chasm

Note. Compiled figure based on Crossing the Chasm by Moore (2014, p. 21).
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The difficulty Moore (2014) emphasizes is that the group of adopters to the right of the chasm must
use the left group as a reference, however, they are fundamentally different and purchase new
technologies for different reasons (Moore, 2014). The early adopters take on a new technology and
integrate it into their business because they expect to improve their competitive position. The
technological innovation is seen by these adopters as disruptive and it changes their way of working,
which is exactly what these visionary individuals and organizations want. On the other hand, the
early majority wants to adopt an incremental and sustaining innovation, thus they do not want to
change their way of working to the same extent. This difference creates two problems in the
adoption and diffusion process: First, the early majority do not trust the early adopters enough to
make an adoption decision as they do not make a good reference for the early majority. Second, as
the early majority do not want to revolutionize their ways of working, they demand a good reference
before adopting a new technology. Consequently, there is a catch-222 situation, which creates a gap
that innovative companies must try to close or bridge (Moore, 2014).

2.3.4 Application of the Theoretical Frameworks

This paper has taken the reader through a vast range of capabilities and associated sustainability
benefits that blockchain offers in supply chain management which is nothing new in the literature.
However, a summarizing table (Table 1) has been presented where these capabilities and benefits
from different papers and authors have been highlighted and positioned into different supply chain
management activities. What the current literature lacks is an assessment of to what extent these
capabilities are used and which corresponding benefits are realized. Thus, the aim of this thesis is to
investigate this possible gap and relate to the theories presented above. If there is indeed a gap
between the claimed technological capabilities and real applications across industries, then the
question is “why?”. The theories gone through, Technology Adoption Life Cycle and The Chasm
will both guide the analysis regarding the stated research questions. Relating these frameworks to
the aim of this study, it becomes apparent that some of the capabilities of blockchain for sustainable
supply chains might be stuck in this chasm. The authors of this paper therefore believe that these
models and the logic behind them can help to identify possible barriers to adoption.

With the purpose of the study - investigating to what extent and why there is a gap in the adoption of
sustainability capabilities of blockchain - a decision has been made to look at this potential gap from
the perspective of adoption and diffusion. Thus, the traditional and well-known frameworks by
Rogers (2003) and Moore (2014) are used to guide the analysis of this study. They both explain
technology adoption and diffusion from slightly different perspectives. Rogers (2003) focuses on the
innovativeness of different adopter categories and the perception of innovation attributes. Moore
(2014) on the other hand is more concerned with trust issues across adopter categories and why
technologies fail to reach the majority market. Regarding the framework by Moore (2014), this
research applies the overall logic and general elements that builds on Rogers (2003). As already
pointed out, blockchain is a possibly disruptive technology, with the potential to disrupt many
industries (Fernando & Saravannan, 2021). Moore (2014) states that attitudes toward technology

2 A dilemma or difficult situation where the solution is dependent on conflicting conditions.
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adoption are mostly evident for disruptive technologies. These arguments make the Technology
Adoption Life Cycle model a relevant framework for this study, as it is concerned with these
attitudes and psychological factors.

The theories presented help in reasoning and analyzing the data, so that the authors know what signs
and signals to look for. However, theories are also to some extent utilized to see if a pattern emerges
that is consistent or inconsistent with the data. In other words, the frameworks have two functions:
First and primarily, to support the way towards an understanding of the potential gap, by analyzing
adoption drivers and barriers. Second, to see if the theories are consistent with the data or if there is
a need for new theories to be developed. This aspect of applicability and usefulness of the presented
theories is already brought up regarding the uniqueness of IT innovations, which could make these
general theories inappropriate to use in the context of blockchain. As mentioned earlier, authors like
Lyytinen and Damsgaard (2001) and Moore and Benbasat (1991) have criticized or reworked
Rogers’s model of adoption and diffusion. However, a choice has been made to use the two theories
presented in this paper due to their characteristics of being well recognized and reputable in this
research area. Furthermore, the vast number of citations and applications of the models, speaks for
their robustness and generalizability even for new technologies, such as blockchain.

Even though a decision was made to use the frameworks by Rogers (2003) and Moore (2014),
several, several frameworks and models have been encountered during the process, such as the
Technology Acceptance Model (TAM) and other models focusing more specifically on IT adoption.
However, a decision was made to focus on these two models because of three reasons. First,
because they are both focusing on the adoption of new technologies. Rogers (2003) defines
adoption as “a decision to make full use of an innovation” (p. 171). In contrast, TAM is focusing
more on the acceptance of a new technology, which is an insufficient definition for the purpose of
the thesis. Secondly, Moore’s model is interesting as it builds upon Roger’s work and introduces the
Chasm, which is specifically related to the second research question. Furthermore, Gartner’s Hype
Cycle has been encountered. This model is concerned with expectations and market promotions of a
new technology, and how these are misaligned with the technological performance of an innovation
(Gartner, 2018). Again, a decision was made to omit this model as it could not assist in answering
the research questions. This is because it does not provide any explanations to why technologies are
not adopted, but merely states whether it is hyped or not.
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3 Methodology

This chapter will go through the methodology used in conducting the research. The choices will be
explained as well as motivated. The first part describes the research strategy, followed by the
research design. Later, the methods used for data collection and analysis will be explained. At the
end of the chapter, the quality of the study will be assessed and discussed.
______________________________________________________________________________

3.1 Research Strategy
Research strategy is defined as the general approach that the researchers take in order to conduct the
study (Bryman & Bell, 2011), and for the purpose of this thesis, an explorative approach was used to
fit the research needs. Exploratory research is useful when a phenomenon has received limited or no
systematic investigation (Stebbins, 2001). Research literature on the possibilities of blockchain to
transform industries, including supply chains, is growing (Queiroz et al., 2019). However, research
on practical evidence and to what extent the possible sustainability benefits are realized is relatively
unexplored. Hence, an explorative orientation is needed to fill the literature gap.

Furthermore, a qualitative approach was chosen to investigate the stated research question, which
suits an exploratory research well. This is highlighted by Bryman and Bell (2011), who state that
when little research has been done on a topic, it is difficult to conduct a quantitative study as there is
no robust basis to stand upon and draw leads from. Hence, an exploratory and qualitative research
strategy was preferred as it allows a less structured approach where theory can more easily emerge.
Additionally, Yin (2016) points out that qualitative research is an appropriate research strategy when
conducting in-depth studies of topics in which the authors have a personal interest. Qualitative
studies allow for a wide range of structures and designs, unlike quantitative research which often
follows a predetermined structure (Yin, 2016). This potential for openness leaves room for new
insights and aspects that could not be considered in advance of a research in terms of standardization
(Flick et al., 2000). Especially in the case of a new technology, such as blockchain, this openness is
an important aspect.

Qualitative research can have either a deductive or inductive relationship to theory, however the
latter is the most common approach (Bryman & Bell, 2011). The inductive approach is concerned
with generating theories rather than testing them, which is more suitable for qualitative research
(Bryman & Bell, 2011; Stebbins, 2001). Accordingly, this thesis has an inductive relationship to
theory, with the aim of contributing with generalizable explanations based on empirical observations
from the data collection. Furthermore, inductive research goes well together with the explorative
approach when the purpose is to uncover new ideas (Stebbins, 2001).

Consequently, the mix of explorative, qualitative and inductive approach matches with the stated
research questions, as the study seeks an understanding of the adoption of a fairly new technology.
For example, it would be hard to answer the ‘why?’ without being able to ask follow-up questions,
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discuss, and dig deeper into each of the subjects’ situations. These questions can best be answered
qualitatively by interacting with the social world and collecting data based on words, rather than
numbers (Bryman & Bell, 2011; Yin, 2016).

3.2 Research Design
The choice of research design plays an important role as it gives a framework for the collection and
analysis of the data, which can be used to draw generalizations from multiple individuals to larger
groups (Bryman & Bell, 2011). Moreover, the research design helps to strengthen the credibility of
this paper and can ensure that the gathered data will properly address the topic and helps to answer
the research question (Yin, 2016).

The research design of this study is a cross-sectional design with case study elements, hence it can
be seen as dichotomous. It was designed to capture data on more than one case, from different
perspectives at one single point in time, which is a characteristic of a cross-sectional research design
(Bryman & Bell, 2011). However, Adér and Mellenbergh (1999) state that in most cross-sectional
research, quantitative and larger sample size data is used to systematically examine relationships
between variables. On the contrary, Bryman and Bell (2011) state that cross-sectional designs can be
used when conducting qualitative research with semi-structured interviews, which justifies the
design of this study. However, a limitation of this choice is the small sample size, and therefore
multiple case study can be considered to match the research of this paper. This research design is
often used to answer in-depth questions which require insights from different cases on a certain issue
(Creswell et al., 2007). As all interviewees are engaged with blockchain and thus are similar in this
aspect, a multiple case study can be conducted, according to Yin (2016). Further, a multiple case
study allows to compare and contrast the results of the individual cases which in turn encourages
consideration of the particularities and commonalities of each case (Bryman & Bell, 2011). Again, in
this paper, the different answers of the respondents regarding blockchain and sustainability can be
compared and contrasted. However, the depth of each case was limited due to the scope of this
project and the total number of interviewed companies and experts. Nevertheless, for some of the
case companies, additional documentation was provided, which allowed a more in-depth
understanding.

With the above-mentioned definitions and characteristics of these two research designs, it can be
deduced that the research design of this work is a cross-sectional design with elements of a multiple
case study. The decision to use this mix was not made from the beginning, but rather emerged with
the process of this work. It was intended to be a pure cross-sectional design, however, with the
difficulties of finding interview respondents together with time constraints, the design needed to be
altered. In total, more than 50 individuals and companies were contacted, of which the resulting
number of interviews were only six. Unfortunately, additional interviews were canceled with short
notice. However, the provision of additional sources of information, such as PowerPoint
presentations, enabled the cross-sectional design with focus on interview data to bring in case study
components. This is in line with Bryman and Bell (2011) who state that case studies are often

26



intensely focused on a certain case where data is gathered from multiple sources, not only
interviewing. Thus, this study is somewhere in-between these two designs, and it can be concluded
that it is a mixture. After all, the primary design is cross-sectional as the focus lies on the cases as a
group rather than the context of each case.

3.3 Research Method
Given our research questions, the following project has been designed and performed: The process
started with screening the three topics of blockchain, sustainability, and supply chain management,
as well as the intersection of them. After reaching an understanding of the literature in this field, a
more systematic and comprehensive review of the literature was carried out. Later, primary data was
collected through six semi-structured interviews with companies and individuals with experience in
blockchain-based supply chains. The interviews have focused on the three main topics: The aim and
driving forces behind the decision to use blockchain; the barriers experienced with the adoption and
scaling of blockchain applications; and lastly, how and to what extent the different sustainability
capabilities of blockchain have been used in their supply chain management. Thus, the research has
focused on analyzing how and why certain use cases and applications of blockchain have been
adopted and implemented among respondents, while others have not.

3.3.1 Identification & Collection of Literature

The collection of literature was divided into two different processes. The first process aimed at
achieving a better understanding of the blockchain technology, sustainable supply chain
management, as well as how blockchain can reshape the traditional way of managing supply chains.
This process was explorative and narrative, taking a wide approach with the aim of building an
understanding of the topic. This is a preferred approach for a literature review when following the
inductive approach, as it can be problematic to set out all key concepts and terms in advance when
the aim is to generate theory. However, for the second part, presented in section 2.2.1, a more
systematic approach was taken as it was important to get a thorough and unbiased overview of
blockchain capabilities. This was particularly important for section 2.2.1 as the purpose of that
literature review section was to serve as a basis for both primary data collection, and for the analysis
of potential adoption gaps. In other words, this part followed a systematic literature review (SLR)
approach. The key characteristics which made the method systematic is that it followed certain steps,
involving keywords and criteria to make sure that the outcome was unbiased (Bryman & Bell, 2011).
Bryman and Bell (2011) highlight the unbiasedness advantage of SLRs: “Proponents of systematic
review argue that it is more likely than the traditional review to generate unbiased and
comprehensive accounts of the literature, especially in relation to fields where the aim is to
understand whether a particular intervention has benefits.” (p. 96). As part of the secondary data
collection served as the basis for answering the research question, i.e., providing a basis for the gap
between claimed potentials and real use of blockchain-based supply chains, it was of utmost
importance that the literature review was unbiased. Thus, the choice of doing the SLR for this part,
instead of a traditional narrative review arguably strengthened the quality of this study.
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When searching for literature in the field, several databases were used of which the main ones were
Google Scholar, Business Source Premier, Science Direct, JSTOR, Springer, ResearchGate as well
as University of Gothenburg’s ‘Supersearch’. As mentioned above, when conducting an SLR, the
use of key words and specific terms is a way to systematically go through relevant literature. The
key words used for the SLR (second part of the literature review) were: Blockchain, supply chain,
and sustainability. Except for these three main keywords, transparency and traceability were used in
two additional searches together with the previously mentioned terms. However, as the literature on
the three main keywords is still quite narrow, especially as the study is limited to the environmental
aspects of sustainability, additional articles that were cited or referenced in the initially chosen
literature were also included.

Using exclusion and inclusion criteria is a part of the SLR to objectively assess whether an article
should be included or not, and to steer the authors towards relevant literature (Bryman & Bell,
2011). It is also used to be transparent about the research process to the reader. The criteria used to
ensure quality in the study of section 2.2, regarding blockchain capabilities, are presented in Table 2.

Table 2

Inclusion and Exclusion Criteria

Systematic Literature Review Criteria

Inclusion
- Peer-reviewed

- Published in academic journals
- Published by acknowledged consultancy firms

Exclusion
- Not written in English, Swedish or German

- Articles not related to environmental sustainability
- Articles mainly about cryptocurrencies

3.3.2 Primary Data Collection

In order to answer the research questions, primary data was collected through interviews with
individuals who are either providers or users of blockchain platforms for supply chain management.
Interviewing is a suitable data collection method when the focus is to understand the reality of
respondents without the need to understand reactions or interpret gestures and social interactions. In
such a case, observing the participants would have been preferred (Yin, 2016). In this study,
interviewing served the aim well, as the core of the research is to analyze spoken words and reported
insights from respondents (Yin, 2016).
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The interviews were conducted in a semi-structured way which means that an interview guide was
used to keep consistency, but still allowed for flexibility (Bryman & Bell, 2011). Consistency was
important to be able to examine the frequency and depth of the discussed topics later in the analysis.
However, flexibility was of utmost importance, as respondents came from different industries and
different maturity levels when it comes to the integration of blockchain. Thus, it was important to be
able to ask follow-up questions and adapt to each interviewee’s specific situation, to broaden the
information obtained (Given, 2008). Semi-structured interviews further allowed for the emergence
of new-to-the-researcher areas, which were of interest in this study as blockchain is still in its
infancy. Thus, not having too strict scripts was necessary for the explorative nature of the study, as
well as to keep an unbiased approach (Bryman & Bell, 2011). As theory building was the desired
outcome of the research, it was important to allow for new concepts to emerge during the interviews.
It was vital to allow for both depth and breadth for quality purposes and for being able to answer the
research question properly. Therefore, an overly structured approach could have resulted in a less
nuanced analysis and overall study. It is seldom the case that blockchain brings the exact same
benefits across industries, and that the same barriers are experienced, and these disparities were
important to find. Still, structure was needed since the secondary data collection had brought up key
concepts (see Table 1 - Capability Framework) which the authors wanted to investigate in each of
the interviews. Given (2008) highlights that semi-structured interviews are suitable for studies where
the authors have a clear research goal, hence suitable for investigating these key concepts and
capabilities from the literature review done in the secondary data collection.

Selection of Interviewees
The interviewees of this study represent different industries: Fashion, automotive and food.
Covering different industries gave the research a breadth that was important for the study. It helped
in reaching a comprehensive understanding of the extent to which blockchain is used in sustainable
supply chain management. Incorporating different industries was also important for the
generalizability of findings, as stated by Eisenhardt (2021). Furthermore, it was of utmost
importance to get in contact with companies and projects who are using blockchain in supply chain
management. Therefore, it was necessary to strategically reach out to potential participants, hence
purposive sampling was used. According to Yin (2016), purposive sampling can be highly purposive
if the sampling is based on certain criteria, which is the method used in this paper. A less purposive
sampling is one where the researcher has only used it to ensure greater variation in an otherwise
random sample (Yin, 2016). In this paper, it was necessary to apply the criteria sampling to collect
data from those who have experience of using blockchain-based supply chains for sustainability
purposes (besides efficiency purposes that most certainly all organizations aim for). In other words,
the criteria used when sampling were: The individual or organization has experience with
blockchain; the interviewee needs knowledge of how their blockchain technology is used in the
supply chain; and lastly, the interviewee needs to know to some extent what blockchain can do for
the organization’s sustainability work. The size of organizations and projects in which the
interviewees are employed, is not taken into account as it is believed to be of less importance.
Adopting blockchain and making full use of the technology could be easier in large companies with
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more capital, but could on the other hand be easier in smaller projects with less complex supply
chains. Thus, size was not a criterion when searching for interview subjects. Bryman and Bell (2011)
highlight that purposive sampling is useful when researchers need to interact with specific actors to
achieve the research aim. Despite the fact that purposive sampling oftentimes is said to be biased
(Etikan et al., 2016), it was necessary to perform the sampling through this strategy.

However, during the sampling process where in total 50 individuals and organizations were
contacted and asked to participate, snowball sampling was also used to some extent. For example,
some companies did not want to take part in interviews due to various reasons (lack of time or
blockchain experience, confidential information etc.), but suggested other organizations that are
using blockchain-based supply chains. However, the main sampling strategy was purposive. The
search process was primarily done on LinkedIn and through personal contacts, but Google Search
was also used. Additionally, blockchain platforms often advertise their use cases, which was another
way of finding relevant companies to contact.

As sustainability can be considered a sensitive topic to some respondents, they all had the
opportunity to be anonymous. This option was important as the name of the individual and
organization was regarded as less important, compared to the information given by the respondent.
Anonymization was believed to benefit the depth and honesty of information provided. On the other
hand, some companies want to expose themselves, their sustainability work and innovativeness, thus
it was also important to give the respondents this opportunity.

Interview Guides
Before the interview process began, two interview guides were created; one for users of blockchain
platforms and one for providers. The interview guides were created with the aim of being as similar
as possible to make the analysis and comparison among interview subjects manageable. The guide
made for the provider of the platform was created with the intention of getting an understanding of
what capabilities and benefits they offer, but also to find out how their users adopt the different
capabilities. The other guide, made for the users, was directly addressing the way they adopt, apply,
and use the blockchain platform in their daily businesses.

An interview guide should not be strictly followed, but instead be used as a guideline of what needs
to be covered to answer the research questions (Bryman & Bell, 2011; Yin, 2016). Thus, the
interview guides, shown in Appendix 2 and 3, should be seen as a guide and not a strict
questionnaire. They were followed to varying degrees across interviews, depending on how much
the interviewee were touching upon the main topics already in the introductory, more open
questions. This approach is in line with the choice of conducting semi-structured interviews
(Bryman & Bell, 2011). Consequently, the interview guides were used mainly to keep consistency
among interviewees and to ensure that the research questions are answerable with the information
given by the respondents. The most important questions to cover were marked with a star in the
interview guides to make sure that they were asked during the interviews.
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The guides were created with questions in a specific order, beginning with introductory questions
regarding the interviewee’s role and background. Bryman and Bell (2011) recommend that questions
should follow an order that gives the interview a smooth flow, therefore the order of questions was
based on the funnel structure of the literature review. Thus, it started with blockchain technology,
then blockchain together with supply chain management and lastly the focus steered towards
sustainability applications in more detail.

Conducting Interviews
All but one of the interviews were held online, via Zoom or Microsoft Teams. This was due to two
reasons: First, a majority of respondents were not located in Gothenburg, the city in which the
authors live and perform their research. Second, online interviews save time and have become what
some call ‘the new normal’ after two years of the COVID-19 pandemic. Moreover, online meetings
are generally preferred over phone interviews as they allow for better connection when the
participants are able to see each other face-to-face (Bryman & Bell, 2011). One of the interviews
was conducted on site, as the interviewee invited the authors to their office in Gothenburg. The
interviews were conducted in English, as this is the official language of the studies and the thesis.
Furthermore, it was decided that both authors should attend each interview, as it was considered of
high value to have four ears listening and two alert minds present to get the most out of each
interview. Thus, as English is the language in which the authors communicate with each other, it
became natural and necessary to conduct the interviews in English, even though this was not the
mother tongue of respondents. Thereby, there was no need to address the potential issues with
translating interviews, such as linguistic differences (Xian, 2008).

The settings of the interviews are presented in Table 3 below, where organization, role, location, date
and duration of each interview is displayed. In the following presentation of empirical findings and
analysis, the references P# (platform provider) and C# (company users) will be used to refer to each
interviewee. The distinction between platform provider and company user was not always easy to
make, especially in cases where the respondents were working on projects with blockchain-based
supply chains and could be deemed both a supplier and a user. However, for the sake of this study, it
was not considered crucially important to make the distinction completely correct, as the answer to
the research question would not be affected by this. After all, it is the application and usage of the
blockchain platform that is of interest, regardless of whether the respondent is a user or a provider.
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Table 3

Interviewee Table

Interviewee Ref. Organization Role Location Date & Duration

Anonymous P1
University of

Zurich

Researcher in
Blockchain Business

Models

Online (Zoom) 2022-03-09
38 min

Mats
Hälldahl

P2 ATEA
National Blockchain

Lead
Online (Teams)

2022-03-14
54 min

Anonymous P3
University of
Gothenburg

Researcher in
Informatics

Online (Zoom)
2022-03-15

48 min

Jan Carlson C1 Volvo Cars
Procurement
Sustainability

Face-to-face
(Head Office in

Gothenburg)

2022-03-23
54 min

Anonymous C2
Fashion industry

company
Head of Marketing Online (Teams)

2022-03-01
38 min

Mattis
Bergquist

C3 Coop
Head of

Sustainability
Online (Zoom)

2022-04-21
45 min

Note. Column two, “Ref.”, shows how the different interviewees will be referred to in the remainder
of the text. The P stands for platform provider, and C stands for company user (a company using a
blockchain SaaS platform).

All interviewees accepted to be recorded, which was appreciated as it enabled the interviewers to
focus on the conversation. Bryman and Bell (2011) suggest that interviews are recorded so that the
interviewer does not need to take notes, but can instead focus on the dialogue, ask follow-up
questions, and be alert on addressing possible inconsistencies. Furthermore, recording enabled the
full conversation to be captured, without missing important details. Each interview was then
transcribed word for word, by the help of the online transcribing tool ‘Otter.ai’. Bryman and Bell
(2011) highlight the vast amount of time that transcriptions often consume, hence using this online
tool helped saving a lot of time. However, the authors carefully listened through the interviews and
made corrections in the text produced by the tool and made sure that the sentences were accurately
transcribed. It was important to transcribe every word, as analyzing words is in line with qualitative
research (Bryman & Bell, 2011). Poland (2003) raises the issue of quality aspects when it comes to
transcribing interviews and highlights common problems such as: Structuring sentences, using
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quotation marks, as well as interpreting words and phrases incorrectly. These problems can give rise
to large misinterpretation of the data (Poland, 2003). The issues were mitigated by having both
authors listen to each recording on their own, while correcting the software-produced transcription,
to make sure that everything is correctly captured. In case of missing words, where it was unclear
what the respondent said, the mark {???} was used, as suggested by Bryman & Bell (2011).
Furthermore, to add clarification within citations, square brackets were used. Square brackets were
also used to cut out less relevant information from citations, this was marked with [...].

3.4 Empirical Analysis
The transcribed interviews were analyzed through a thematic analysis where the data was sorted into
different codes and themes. Coding is the process of highlighting interesting and significant data in
the transcripts and serves as a first important step in theory building (Bryman & Bell, 2011). The
aim of doing this thematic analysis, including the coding, was to find concepts that together could
build a theory around the research question. The advantage of using thematic analysis is that it offers
a way of approaching unstructured data in a more structured way. It made it easier to find important
information as well as highlighting similarities, differences, frequency and depth of topics across the
interviews (Bryman & Bell, 2011).

Furthermore, an iterative process was taken to the collection and analysis of data, meaning that the
empirical analysis began when the data collection process was still in progress. This helped shape
the way in which data was collected, for example in guiding the authors towards interesting topics
that should be addressed in upcoming interviews. This iteration is in line with grounded theory,
which is a common approach in qualitative data analysis described as being “concerned with the
development of theory out of data and the approach is iterative, or recursive, as it is sometimes
called, meaning that data collection and analysis proceed in tandem, repeatedly referring back to
each other” (Bryman & Bell, 2011, p. 576). This approach was taken to some extent, as described
above, where moving back and forth between data and analysis was part of the research process.

Coding was done in a software tool called Atlas, which enabled a structured way of coding the
qualitative data collected through the interviews. The coding overview is illustrated in Appendix 4.
It is however important to be aware of the limitations of using software prior to the start of the
coding process. Yin (2016) emphasizes that the researchers must make all the analytical decisions
themselves, whereas the software is only supporting the organization of data. In addition, the more
familiar the researchers are with the software, the less attention will be needed to follow its
terminology and processes (Yin, 2016). Hence, learning the tool before starting the coding process
was important for the authors of this paper, so that full attention could be given to the analysis of the
qualitative data. However, the advantage of using software tools like Atlas is that it makes it easier
to analyze the interviews, as you can get a holistic overview and spot where a certain code has been
used across multiple interviews (Bryman & Bell, 2011). The coding process entailed the breaking
down of data into smaller components to make the large unstructured data easier to understand.
However, an issue with the process is that one can easily lose the context while coding (Bryman &
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Bell, 2011). Furthermore, the coding process entails subjective interpretations by the authors. To
mitigate these issues, both authors coded the data separately and later compared and discussed
potential disparities in interpretation. This way, a higher degree of objectivity was achieved.

Instead of having the codes categorized into emerging themes, the broader themes were already set
from the theoretical framework and literature review. However, the coding process was instead
concerned with letting codes and subcodes emerge to generate the empirical findings and
theory-building. This is especially true for the latter part of the empirical findings and analysis where
driving forces and barriers are addressed. In that part, the codes were identified from what was found
interesting, relevant and consistent across the interviews, which is in line with the inductive
approach. The first part is concerned with the Capability Framework (Table 1), where both codes
and themes were already defined prior to the coding process. It had more of a check-list structure as
the aim was to see which applications of blockchain were used in the case organizations.
Consequently, both open and selective coding have been performed, according to the definitions of
Bryman and Bell (2011). Further, due to the iterative process of going back and forth between
empirics and analysis, codes were revised, deleted and added throughout the process to make sure
that all codes are consistent with the aim and research question. The analysis was then based on the
final codes and themes and their relationship to the purpose of the thesis. The aim of the analysis
was to identify similarities and differences within the interviewed group. It was also driven by the
frequency and depth of mentioned and discussed capabilities of blockchain, as well as adoption
forces and barriers. By doing so, the aim was to be able to highlight the potential gap of blockchain
usage stated in the research question, and different explanations to why this potential gap exists.

3.5 Research Quality
The following chapter focuses on the evaluation of this paper’s research, which is important to
achieve high quality. The assessed criteria of this study are reliability and validity. Despite critique
against these measures for being developed for quantitative research, the criteria are still considered
useful in an adapted form proposed by LeCompte and Goetz (1982). These are first explained in
general and then applied to this research. Great emphasis has been placed on maintaining these
criteria throughout the whole research to ensure the best possible research quality and
trustworthiness.

Reliability
According to Roberts and Priest (2006), reliability in qualitative research describes the extent to
which a particular procedure, such as a questionnaire or interview, produces comparable results
under different conditions, provided that nothing else has changed. In qualitative research in
particular, reliability can be separated into external reliability and internal reliability.

External reliability can be seen as the aforementioned definition of reliability in general, which is
concerned with the replicability of the research (LeCompte and Goetz, 1982). As semi-structured
interviews have been used for this research, external reliability can be weakened, as replicability is

34



hard to achieve. Therefore, standardized interview guides have been used and are presented in
Appendix 2 and 3 to increase trustworthiness. By star-marking questions that according to the
authors must be asked to answer the research questions, the replicability (external reliability) is
strengthened. Both measures have been chosen to increase the trustworthiness of this research.
Internal reliability, on the other hand, describes to what extent the members of the research team
agree about what they observe (Bryman & Bell, 2011). In order to avoid a bias in internal reliability
between the two researchers, both have attended all the interviews and the recordings from the
interviews have been listened to multiple times. Afterwards, the authors were discussing the results
and analysis on an ongoing basis to make sure that what is written is agreed on by both. Moreover,
the findings of the interviews have been objectively summarized and analyzed after a coding scheme
(see Appendix 4). Through this process, internal reliability as well as credibility of this research is
guaranteed.

Validity
Validity is according to Maxwell (2013) “the correctness or credibility of a description, conclusion,
explanation, interpretation, or other sort of account” (p. 122). Yin (2016) explains that a valid study
is one that has properly interpreted its findings so that the conclusions precisely reflect and represent
the real world that was studied. Furthermore, Bryman and Bell (2011) again divide the term validity
into internal validity and external validity. Internal validity assesses the degree to which the
researchers' observations and data match the generated theory of the results. In order to guarantee
internal validity in this paper, the interview guide has been designed with star-marked questions to
make sure that the sample can be approached similarly and thus be treated as a group. By doing so,
instead of focusing on differences across multiple entities, it is believed that congruence between
observations and the emerged theory is strengthened. Additionally, both authors have transcribed,
coded and analyzed the interview data to ensure that bias is minimized and that as correct picture as
possible of the blockchain-based supply chain industry is captured. On the contrary, external validity
is according to Bryman and Bell (2011), “the degree to which the findings can be generalized across
social settings.” (p. 395). The general downside of this criteria in qualitative research is that
oftentimes, like in this study, small samples have been used and therefore makes it difficult to draw
generalizable conclusions (LeCompte & Goetz, 1982). However, the external validity can be argued
to improve by the fact that interviewees are representing different industries, which may raise the
generalizability of results. Further, this paper focuses on why the gap between claimed sustainability
potentials and real implementation exists and focuses on the cases as a group. The generalizability is
then improved by finding similarities and frequency of mentioned topics across these cases and
industries.
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4 Empirical Findings

In this chapter, findings and results from the interviews with blockchain users and providers are
presented. The chapter is structured according to the research questions: First, it will be presented
to what extent the respondents are using the sustainability capabilities in blockchain-based supply
chains. This will be done by giving examples of how they are using it. Sometimes examples are given
to show how they are using the technology indirectly or how they aim to use it, thus every example is
not a proof of adoption. In the second and third part, driving forces and barriers to implementation
discussed by the interviewees will be summarized by giving examples.
______________________________________________________________________________

4.1 Sustainability Capabilities of Blockchain
The nine sections below are related to the nine capabilities in the framework presented in Table 1.
This list represents what was perceived to be the most prevalent use cases according to the literature.
In these nine sections, the results from the primary data collection will be presented. The amount of
text and content vary across the nine capabilities, due to respondents having different amounts of
experience related to each of them. In the beginning of each section, a short repetition of the
capabilities will be provided, to remind the reader of what the literature has brought up.

4.1.1 Tracking Environmental Performance of Suppliers

The first capability mentioned by the literature is tracking the environmental performance of
suppliers. This tracking can help reduce the overall economic footprint by choosing green suppliers
or working with supplier development to make them more sustainable. Researchers state that this
sustainability benefit can be achieved by internal motivation as well as pressure from regulations,
policies and consumers.

P2 explains that they have realized a benefit from tracking fish suppliers in Norway. With
blockchain technology they were able to analyze current working methods and develop more
efficient and sustainable ways of working. In this case, the fishers changed from fishing far outside
the coast of Norway to fishing closer to the shore. This made it possible to take care of the smaller
fish and breed them in fish farms on land, instead of throwing them back as rest products. This way,
less fish become waste and the process becomes more efficient. Further, this waste reduction in
combination with fishing closer to land generates sustainability benefits, e.g., lower CO2 emissions.

Both interviewees P3 and C2, state that blockchain can help to investigate sustainability and
sustainable acting within the fashion industry supply chains. P3 will develop an app where workers
in factories in the global south can assess their well-being and work conditions. This way, brands
and end consumers can in real time see how the workers feel and are treated. Even though this is
related to social sustainability, it can be relevant for environmental issues as well, according to P3.
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C1, who is an actor in the automotive industry, has a very large supply chain where they struggled to
get an overview. Investigations made by Amnesty International revealed unsustainable behavior in
the sourcing of battery materials, which according to C1 led to many OEMs being hurt. C1 was not
involved in this investigation as it took place before they started producing their batteries. However,
this put pressure on the whole car industry to take better control over their sourcing and C1 stated
that:

“We need to have control over the supply chain and we tried to find a way how we can have some
traceability.” - C1

The transparency with suppliers made it easier for C1 to understand how environmentally
sustainable their suppliers work and choose them accordingly. As explained by C1, it helped them to
see how much CO2 their suppliers emit and to calculate the CO2 balance of their cars. He also
highlighted that organizations oftentimes have little knowledge about the raw material industries and
that blockchain can improve this knowledge but also improve the control.

“So, I mean normally, if you have a supply chain, and you buy a battery for example, you have no
clue about the mining industry - if they are using 14,001 [ISO standard], for example, or if they have

the certification. But here we really are under the skin, all the way.” - C1

By having this data on suppliers, C1 means that organizations can improve their knowledge but also
improve their position to influence the suppliers. Further, P3 believes that tracking suppliers and
thereby shifting more responsibility to them, will in turn lead to higher pressure on their
subcontractors to work more sustainably. P2 agrees that tracking suppliers can increase pressure to
comply with environmental policies. As a result of the transparent handshake of sharing data on
origin and production, the supplier is incentivized to be sustainable. P2 gives an example of breeding
chickens and explains that when a chicken supplier starts sharing the data, they want to show that
their breeding has a low impact on the environment and that no antibiotics have been used.

Another example C1 brings up is that for one of their batteries, the cathode material was transported
from Poland to Michigan because their supplier had free capacities, which was a route that C1 was
not aware of. Thanks to the traceability of blockchain, they detected this undesirable transportation
and were able to initiate changes to match the process with their sustainability goals.

“So, it's not only here, you can find out that the blockchain traceability helps to know where the
material is coming from, but also to make sure that it's a responsible source.” - C1

With blockchain, C1 starts to be more directly involved with the suppliers of raw materials and can
consequently choose or influence their suppliers according to their sustainability aims. Lastly, C3
believes that blockchain can help them trace origin and better target each batch with blockchain. He
states that current auditing methods in the food industry are insufficient, as they take place only once
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a year. With blockchain, they can instead collect real-time data and follow the development of their
suppliers so that unsustainable behavior can be detected faster.

4.1.2 Tracking Materials & Waste Management

Another capability of blockchain-based supply chains with regards to sustainability, brought up by
the literature, is the tracking of materials and waste management. More specifically, on the one hand,
it is about preventing the degradation of resources, where blockchain can help with its traceability of
origin. On the other hand, waste management is about reducing waste along the supply chains.

According to P2 and C3, blockchain technology can help significantly to minimize waste, especially
within the food industry. P2 brings up an example of food that becomes too hot during the process.
Instead of having to recall and throw away an entire product line, blockchain's trackability makes it
possible to trace and identify individual batches or specific products. Accordingly, these defect
goods can be identified and disposed of in a very targeted manner, thanks to blockchain. As a result,
less food has to be thrown away than before (P2). C3 describes a similar example where blockchain
can help to better target food that has been affected by diseases, such as salmonella. In such a case,
C3 agrees with P2 that blockchain is a valuable technology to trace back the exact batches that are
affected, so that waste can be reduced. Yet, the use of blockchain in waste management in the food
industry can achieve more. According to P2, it offers the possibility to see in real time how much
product is currently in the supply chain and to better control how much is really needed.

“How much merchandise you have in different levels of a supply chain, you get control of all of that.
And when you see that something is missing or you see you have too much of something in the

supply chain delivery, you can manage that. So, you minimize the waste.” - P2

P3 on the other hand, working on a project within the fashion industry, sees slightly different waste
reducing potentials of blockchain. With the help of blockchain, the fashion industry can produce
products with better quality. This is mainly due to the transparency of the different suppliers and
knowing which fabrics are used along the supply chain. The increased quality of the fabrics thus
increases the longevity of the end products:

“So, it's not going straight from first use to recycling or throwing away. It continues living for a long
time. And we think that blockchain, and there we don't see any really other technology that could

help us do that.” - P3

C1 on the other hand, uses blockchain in a more indirect way to reduce waste. They select and audit
their suppliers in the mining industry based on IRMA (Initiative for Responsible Mining Assurance)
standards. They in turn commit to dispose of the waste carefully and sustainably according to the
IRMA standards. Blockchain has helped C1 to have an overview of their suppliers and thus select
the more sustainable ones, however, they do not use blockchain for waste management directly.
Moreover, C3 states that waste is very hard to quantify as there is no standard way of measuring:
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“And then it's really tricky to sort of measure the amount of waste. Is it kilogram? Is it volume? Is it
per material? It's really tricky.” - C3

This lack of standardization leads to incomparable measurements, as different companies will have
different figures for the same amount of waste (C3). In line with this, C2 describes that they have
been tracking their waste for several years and categorized it into eight different waste types, such as
paper, plastic, garden waste, etc. It is measured in tons, however, C2 means that it is oftentimes hard
to quantify the exact amounts.

All in all, the respondents agreed that waste management is an important topic for the future.
However, only two of them (C2 & P2) are using blockchain to keep track of the waste, how it is
recycled and reused. Instead, several respondents (C1, C3, P3) were discussing the indirect benefits
of waste reduction and management through blockchain’s traceability capability.

4.1.3 Tracking Logistics Information

As brought up in the literature section, tracking logistics is mainly about reducing greenhouse gas
emission during transportation. This can be achieved either by detecting unsustainable driving or
shipping routes, but also through incentivizing the driver to operate more efficiently and sustainably.

Tracking the transportation of products along the supply chain appeared to have various benefits
experienced by different respondents. Two respondents (P2, C1) brought up that they had identified
extremely long transportation routes by the help of blockchain. First, P2 explained how they could
follow the journey of the fish by tracking the transportation with sensors connected to the
blockchain. By doing so, they recognized that the fish was traveling from Norway to China for
processing and then back to Sweden. However, this transportation route could be adjusted thanks to
blockchain, as P2 highlighted:

“But I think you minimize the travel for the transportation. You can, for example, not go to China
instead directly from Norway to Sweden. That's, that's a huge benefit, right?” -P2

P2 also states that the driver can be incentivized to transport the goods in a more sustainable way, as
the driver will know that the route is tracked. Similarly, C1 brings up a case of materials being
transported long and unsustainable routes, which was detected when they started to take a closer
look into the traceability of battery components. They thought they had good control of where the
material was going:

“So, for one of our batteries, we know that battery production is in Poland and we are producing the
cars in Ghent for example. And we are using a supplier in Europe for the cathode material. So, I

mean, we thought we had a quite good connection and control but when we were starting to dig in
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really in blockchain traceability for this type of battery, we found out that the cathode material was
not going to Poland it was going to Michigan” - C1.

Furthermore, P1 states that they are not using this type of tracking at the moment, but that it is a goal
for the future. It is believed that tracking how a car is typically used by the owner and how much gas
is consumed, will bring value to the company in the future. It should also create incentives for the
owner and driver of the car to behave more environmentally-friendly as unsustainable driving will
reduce the value of the car. Another angle brought up by P1 is that when cars are tracked in terms of
their usage, it becomes easier to perform maintenance and service works, which prolong the lives of
the cars. This is then translated into sustainability benefits as the owner can use the car for a longer
period of time (P1). Lastly, C2 states that they have been tracking logistics and calculating the
emissions for each type of transportation method for more than ten years. These calculations have
been outsourced to a third-party organization. C2 means that they already have good control of their
transportations, and is unsure whether blockchain can help calculate the emissions more accurately.

4.1.4 Collecting Data on Sustainability of Production

Tracking production processes is often done for efficiency purposes, however the literature talks
about how this data can be put on the blockchain to incentivize more eco-friendly processes. These
improved outcomes can be in terms of better eco-design, manufacturing processes and storing data
for carbon footprint measurements. This data can then be used to easier manage application and
compliance with standards and certificates.

P2 states that when collecting data on production processes along the supply chain and storing it on
a blockchain, it becomes easier to calculate it correctly:

“Yeah, you trust the data, but you also calculate it more correctly, because if islands calculate their
own carbon footprints, it turns out that it could be 20% wrong when you pool it all together. But if

you pool all the data into one system and calculate it from there, you will be more precise. So, that's
also a benefit we'll have from the blockchain.” - P2

C3 agrees that calculating a more accurate carbon footprint can become easier with blockchain.
Furthermore, he emphasizes the importance of making production processes more sustainable as
they account for 96% of their products’ footprints. Instead of using the industry-wide standard
measurements developed by RISE (Research Institutes of Sweden), blockchain can help C3 to
calculate the footprints more precisely. Correspondingly, C2 highlights the importance of tracking
their production processes for the same reason:

“It’s important for us to track the production and how much CO2 we emit there because we have
seen that the production itself accounts for most of our emissions.” - C2
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In the battery supply chain of respondent C1, the tracking capabilities of blockchain make sure that
data is stored from the first process of mining raw materials up until the battery is complete. Both
direct and indirect measurements on emissions and energy consumption goes into the carbon
footprint calculation:

“So, from the mine for example, here you have direct emission from production and also indirect
emission from purchasing electricity and other material which is used in the process but does not
belong directly to the material itself. So, we have the CO2 footprint when the material is leaving

DRC mining and the smelter for example. And when that's coming into the next refiner, it will add up
to a complete battery pack in the end, also of the of the CO2” - C1

So, this is an example of how blockchain can help store the data during the whole supply chain and
all production processes it involves. Moreover, P2 brings up a related and important factor: As data
collected during production is often used towards standards organizations, when applying for
certifications, companies who are already environmentally friendly will be most eager to start using
this capability. Those operating unsustainably, will instead look worse if they become transparent
(P2). P2 means that sustainable companies can benefit from blockchain transparency because they
achieve a higher degree of trust:

“If they have a certificate on their product, they want it to also be trustworthy or not to be cheated
with. This is even better than a certification.” - P2

To conclude, not all respondents are tracking their production processes at the moment. However,
those who are, agreed that tracking the production phase is important for improving the calculations
of carbon footprints of their products.

4.1.5 Collecting Data on Packaging Material

The literature states that data regarding type of packaging material, how it is reused, and recycled
can be put on the blockchain. This is closely linked to resource and waste management, however in
this case the emphasis is on incentivizing more sustainable packaging practices.

Even though, none of the respondents were using this capability at the moment, a majority believed
that it could be valuable for sustainability purposes in the future:

“We have not used it for the battery material so far. But it can absolutely be interesting in the future”
- C1

Furthermore, C3 states that this is something they are discussing and believes that it is important,
especially with regards to the use of plastic materials which is regulated within the EU.
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4.1.6 Decentralization of Energy & Emissions Management

The literature presents that blockchain can help to decentralize and ease the energy and emissions
management of companies. To be specific, it can help to create a more efficient green energy
marketplace. This again allows organizations to monitor their carbon footprints and meet quotas by
buying carbon credits from low emitters.

In order to set up an internal trading system, all supply chain participants need to calculate their CO2
footprint and share the data, which is a difficult task to perform, according to P2. However, P2
continues that calculating the carbon footprint becomes more precise with blockchain and states:

“You put in all the data from different kinds of supply systems into a blockchain. You can more
correctly calculate the carbon footprint, right?”- P2

C1 brings up another perspective, which asserts that this type of trading system will only work if it is
restricted to the supply chain participants. Otherwise, suppliers can easily buy their climate
neutrality and therefore keep working unsustainable:

“But what we try to avoid is that a company buys some certificate and walks away with the energy
consumption in that perspective. We would like to have more clean energy, I mean, that is what we're

aiming for, that is what helps the earth.” - C1

However, none of the respondents were using blockchain in a decentralized trading system to control
the internal emission and energy consumption. P3 states that she had heard about this capability but
indicated that she was not the right person to talk about it. Other respondents had not heard about
this trading system and were not able to elaborate on the topic.

4.1.7 Verification & Transparency of Green Products

Using the collected information to verify whether a product is ‘green’ or not, and being transparent
with this information towards customers, is a blockchain capability brought up in the literature.

The empirics have shown that this capability is highly prioritized among respondents and almost all
of them believe it is an important feature. C1, for example, has proposed this as a selling point to the
management team, and describes a scenario where the customer should be able to scan a code at the
window of the car, to access the supply chain and CO2 data in an app.

“You can see here is the battery supply chain, and here is the CO2 footprint and so on, and we can
prove that we have a green supply chain and no child labor or whatever involved here. So, we are

collecting information, and you can do something with it, but we don't have it for the moment.” - C1

P2 also appreciates this capability of blockchain, saying that it is the illustration of the collected data
that makes it interesting to consumers. He highlights the importance of visualizing the blockchain
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for the consumer by developing a QR code, so that the buyers are able to see what they are
consuming:

“The next part is that you want to visualize, it’s pretty boring to look at numbers, right?” - P2

P3 also talks about visualization and verification of data that makes it easier to purchase green
products in the fashion industry. She means that customers should be able to see where every piece
of garment comes from and how it is produced. As pointed out by P2, it makes greenwashing more
difficult, as the organization can no longer cheat and manipulate the numbers on the immutable
blockchain. Likewise, C3 states that there is a customer's demand to visualize the product's origin
and sustainability data. Therefore, they have introduced an app, in which the customers can scan a
barcode and get a full sustainable declaration of the certain product. However, this data and
sustainability declaration is not yet put on a blockchain, but the aim is to do so in the future.

When it comes to the management and compliance with standards, P3 believes that it can be easier
to handle these processes with blockchain. Interestingly, P3 also introduces another perspective to
the discussion when she states that these standards might also need to be adapted and changed as
blockchain becomes more widely used. P3 indicates that these standards may become stricter and
better from a sustainable perspective. Thus, whether a product can be labeled as ‘green’ or not may
be evaluated on stricter criteria in the future.

Lastly, C2 states they have developed a green label for their products which evaluates each piece of
clothing  according to sustainability criteria. However, after implementing blockchain, they are now
able to show this more transparently towards the customers. This verification is believed to generate
more trust in their relationship with customers:

“Yes, we comply with 14001 [ISO standard] and other standards too. And as I said before, I think
consumers buy our products partly because they are sustainable, and if they did not really trust our
claims before, maybe they do now. Because now everything is stored in the blockchain system.” - C2

4.1.8 Tracking Location of Products

Tracking the location of products goes somewhat hand in hand with tracking logistics, as was
elaborated on in section 4.2.3. According to the literature, the difference is: Tracking logistics is
more related to the driving routes and driving habits, whereas tracking location of products is more
about efficiency. Further, efficiency is about being able to see where goods have gone lost, been sent
to the wrong location, and trace from where defective products have been produced etc. This will
make it easier for a company to plan and schedule deliveries, but also to rework and recall goods
that are defective.

P2 and C3 state that tracking product location is important in the food industry as it enables the
company to trace back the origin to where the product was produced, how it was produced and
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where it is at the moment. Consequently, with blockchain it becomes easier to call back food that has
become damaged during transportation.

“If there are diseases on the food, you need to sort of have the possibility to follow it and backtrack
all the way actually. So, that's the part that is already done in the food industry.” - C3

Further, P2 gives an example of fish that gets too hot during transportation. With blockchain, the
company will better know the quantity and location of the damaged goods, take corrective measures
to solve the issue, and deliver fresh fish more efficiently. The same applies to restaurants and other
commercial kitchens. If they connect their business to a blockchain platform and buy food from
suppliers that are connected too, it becomes easier to handle issues regarding food that has become
inedible (P2).

Even though C3 has not started making use of this capability at the moment, he believes that
blockchain will be important to track the exact origin of products. For example, C3 explains that
within the meat industry, they are taking DNA tests on samples to verify the origin. Some samples
every year show different origins than stated on the packaging. This problem can according to C3 be
mitigated with the help of blockchain traceability.

Tracking the location is not only valuable in terms of reducing the work with recalls, but it can also
help to signal when something seems to be wrong considering delivery dates. For example, C1
explains that they scan the battery components as soon as they arrive and leave a specific factory
location. Hence, if the same barcode is scanned in another location at the same time, something has
gone wrong (C1). Lastly, P3 continues by stating that tracking the location of products is not
something that they have planned to do for now, but that it will probably be relevant in the future of
the project.

4.1.9 Tokenization

Tokenization was brought up by multiple sources in the literature as a way to incentivize green and
sustainable behavior. The logic is that the organization builds up an internal reward system along the
supply chain in which each participant can be rewarded with tokens when acting sustainably.

During the interviews, it became clear that this capability was not implemented yet, in either of the
organizations. However, most of the interviewees (C1, C3, P1, P2, P3) thought that tokenization was
an interesting element of the technology and started discussing different applications of it. P2 and C1
mentioned that tokens is an area in which they will not go into today, but perhaps in the future. C1,
for example, agrees that even if they are not in the position to start working with tokens at the
moment, it can be an interesting feature to add later on.

P3 believes that it is important to bring up and discuss these technological ideas so that new
perspectives are introduced to challenge the industry. She mentioned that another organization,
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working for sustainability across multiple industries, “loved this idea” but had not thought about it
themselves. Furthermore, the organization of P3 has an idea of connecting the first-tier supplier and
producers to the circular supply chain by giving back some of the sales revenues when the clothes
are being resold many times. P1 addresses the issue of designing the tokenization system so that the
tokens can only be used in a sustainable way:

“We were also discussing how to create a car coin. But then the question is: What do you use this
car coin for? […] But here, you really need to think through how you implement and how you design

this token.” - P1

To conclude, none of the respondents had implemented this capability at the moment. The reason is
low awareness of this capability, and because it is not considered to be a feature that you implement
in the first phase.

4.2 Driving Forces for Blockchain Adoption
The driving forces of a new technology and innovation have already been touched upon in the
theoretical part. Rogers (2003) lists some characteristics which can be drivers in the adoption of a
new technology. With the help of interviews from different areas and industries, driving forces
behind blockchain adoption have been identified in this study. Similarities and consistencies across
interviews led to the emergence of different subcategories. These are summarized and highlighted
under the following headings to provide a clear overview.

4.2.1 Efficiency

Without exception, all interviewees cited efficiency reasons for adopting blockchain technology. In
fact, it has emerged that the adoption of blockchain was mainly for efficiency reasons. According to
all respondents, automation, unified and decentralized storage, as well as simplified traceability were
cited as main reasons. P2, for example, states that the introduction of blockchain and the
accompanying automations through smart contracts will save a lot of time along the supply chain.
P3, on the other hand, experiments with blockchain for economic efficiency and sees a sustainable
benefit as resource utilization improves. C2's processes, as well, have become more efficient:

"I mean before the introduction of TrusTrace [blockchain SaaS], we used Excel to manage our
suppliers. Since then, we are much more efficient and we can track our suppliers better." - C2

According to P1, blockchain technology has increased the efficiency of their processes. Instead of
having several actors handling documents before the next phase can access them, they can now
manage them all at once. Furthermore, blockchain technology can help to avoid information
asymmetry between different parties of P1 and therefore lead to more efficient processes as well.
When asking why companies are adopting blockchain technology, she gives the following answer:
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“It's more about efficiency and innovation. And also maybe customizing products and services, but
mainly about efficiency gains, yes. Through the sharing of processes that can increase the efficiency

of many of their processes.” - P1

For C3, the traceability of single food batches is very important. In this process, blockchain helps to
locate and eliminate the batches of the possibly spoiled goods.

“In the food industry, you need to know where things are coming from. If you get sick from the food,
you need to stop the food, and then you need to know where it's coming from.” - C3

According to C3, this is much more effective, since large quantities of goods do not have to be
discarded, as it would be the case without blockchain, and thus a lot of food waste can be avoided. In
doing so, blockchain can simplify the search for specific products and make it more efficient.

4.2.2 Sustainability

In addition to efficiency reasons, many of the interviewees also cited sustainability reasons as
driving implementation. P3, for example, talks about sustainability issues in the fashion industry and
how frustrating it was that hardly anyone was doing anything about it. So, they took the initiative
and started a project to solve these problems. They quickly encountered blockchain technology,
which with its traceability capability could eliminate many of these challenges.

“We want to create a model that can actually trigger some kind of more drastic change. [...] So,
that's when we learned more about blockchain. We started thinking this is perhaps the key to all

these issues like unequal relationships in supply chains and all this non-transparency. All these black
box activities going on, and that it can continue going on for years, without anyone acting on it or

trying to change it.” - P3

For P2 the possibility of calculating a better and more accurate CO2 footprint is one of the main
drivers for implementing blockchain. C1's argumentation, which aims to introduce CO2 traceability,
goes in the same direction. Blockchain has helped them to learn more about their supply chain and
trace the materials they use. For C2, sustainability reasons were one of the main drivers for using
blockchain, along with efficiency reasons. In general, C2 focuses a lot on sustainability in the
production of their products, where the traceability of blockchain has been helpful to better realize
this goal. The most important criteria for them are the selection of environmentally friendly
suppliers, and the selection of sustainable materials for their products. C3 follows a similar approach
and focuses a lot on sustainable products and being able to visualize it for the customers in their app.
As food sellers, they naturally pay attention to the environmental impact in the product's country of
origin and how sustainably it is produced. This is important to satisfy customers but also for C3's
own sustainability declaration:
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“We are gathering information about the product's ingredients and the origin of the production
country. And if we could make that better or finer information, gathering with also blockchain to

what spot they are actually growing things on or what spot they're actually having the cattle on, and
so on. That will be really, really great for us. Because then we could have even better information for

calculating this sustainable declaration.” - C3

C3 continues that knowing the country of origin of the product is not sufficient. It is much more
important to know the exact circumstances and conditions at the specific production site. For
example, Argentina is a large country with different climate problems and water shortages in
different regions. Therefore, it is important for C3 to be able to retrieve more exact information from
their suppliers with the help of the blockchain. Thus, a driving force for C3 is to gather more precise
information that can be used in their sustainability declaration.

4.2.3 Tech Enthusiasm

Another interesting part that is brought up by the interviewees is tech enthusiasm of individuals
within their organizations. Especially the interviewed blockchain platforms (P1, P2, P3), bring up
this as a main driver for implementing blockchain technology. However, blockchain user C2 also
states that the overall technology interest and innovation enthusiasm within the company was a
driving force for the use of blockchain. Moreover, P3 gives an example of another organization
where interest in new innovations and technologies was a potential driver:

“It's that they have been interested in thinking differently and thinking in new ways. And doing, not
only talking about it. They're trying things, they dare to and they put economical resources on this. I

mean, they invest in these kinds of ideas. Not only waiting until they know 100%.” - P3

Furthermore, P3 states that firms have to be interested in digitization in general and how new
technologies can potentially change businesses and ways of working even before thinking of
implementing new technologies. P1 goes on to elaborate that one of the strongest driving forces
behind the adoption of blockchain was the hype of the technology itself:

“In the beginning everybody was excited because it's a new technology. It was a hyped technology at
that time in 2018. It was also good for companies to build on that technology, because they could get

some more funding for blockchain projects.” - P1

P2 on the other hand, speaks more of the individuals within companies, who are personally
interested in the technology and therefore want to introduce it. P2 continues by stating that
blockchain technology in particular is quickly and easily understood by CDOs and CIOs. This
makes it easier to get enthusiastic about it and to promote it in their companies.

“One is that the CDOs, the CIOs, are very interested in the new technology, right? To develop that
and understand it. [...] If you explain it in like 20 minutes, the CIO or the CDOs really understand it
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very quickly, even though they didn't have a clue before, they understand it very quickly. And they
bring it to the heart and are very eager and they understand the values and the benefits fast.” - P2

4.2.4 External Pressure

When the interviewees were asked about the aims and drivers for implementation, almost all of them
mentioned different forms of external pressure (P2, P3, C1, C2, C3). These external factors can be
divided into two areas, namely customer demands and regulations. P2, C1 and C2 mention EU
regulations as a force to become transparent, which they believe blockchain can support them with.

“We can say that the 2030 goals that everybody has on the table, that is the big driver.” - P2

C1 also sees governmental regulations and laws as a main driver for the implementation of
blockchain. And not only for their own company, but also for the suppliers that have to meet certain
requirements as well. This also gives C1 more influence over their suppliers.

“Because it's a regulation, it's the law. So, you have to fulfill that if you want to put a car on the
European market” - C1

P3 on the other hand says that in the fashion industry, the main drivers for adopting blockchain are
customer demands, along with regulations. Growing awareness of the problems of fast fashion and
environmental issues play a crucial role. This is also the case with C3 in the food industry. In
addition to legal requirements, for example in the meat industry, where it must be clearly traceable
where and how the meat was processed, customer pressure plays a major role. C3 goes on to say that
an increasing number of customers are showing interest in sustainable and green products:

“Of course, you as a customer want to have the right information, or you will have better
information and so on in your app. So, there is a demand from customers. [...] Also, in the food
industry, as a buyer or customer, you want to know where your stuff is coming from, how it is

produced, and so on. And if we can tag it, then you can scan a barcode or QR code and see what it
is. It's really interesting and that is really coming now.” - C3

All in all, it can be said that the main sources of external pressure at the respondent’s organizations
are regulations and customer demands in regard to sustainability.

4.2.5 Security

The fact that the blockchain is a distributed ledger and accordingly a very secure technology has
already been explained in this paper. Therefore, it is not surprising that some of the interviewees
mention security as one of the main reasons for using blockchain (P1, P2, C2, C3). On the one hand,
these security reasons are associated with a lack of trust in the large multinational platforms:
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“We don't want to have another centralized Google or Facebook that is owning the whole data
about the car. We want to have it decentralized and that was one of the main reasons why we chose

blockchain technology. Because it allows us to decentralize the power over such a big database
system.” - P1

On the other hand, blockchain gives security and trustworthiness of the data along the supply chain.
P2 for example states that with blockchain any kind of cheating along the supply chain can be
prevented. C2's argumentation goes in the same direction. With the introduction of blockchain,
suppliers' data can now be trusted more. This was arguably not the case in C2's company before the
implementation and they had to question the accuracy of some actors' data. Additionally, C3 argues
that without blockchain, data can become inaccurate due to human errors to a larger extent, which is
why they favor the centralized and immutable solution of blockchain. However, C3 believes that
blockchain systems need to be even more automated to reduce human interaction, which will be
elaborated on later under section 4.3.2.

4.3 Implementation Barriers to Blockchain Adoption
The literature review addressed different types of implementation barriers, both for innovations in
general and also for blockchain in particular. Throughout the interviews, difficulties of implementing
and scaling blockchain internally and across the supply chain were discussed. Additionally, other
issues that make blockchain hard to work with and hence might slow down implementation
processes are addressed. Some of the barriers from the interviews confirmed those already brought
up in the literature review, whereas others were new to the authors and gave new perspectives and
insights to the findings.

4.3.1 Blockchain Adoption by Suppliers

An interesting and widely discussed issue was the scaling of the technology. All respondents have
faced difficulties in widening the blockchain area. In this part, the focus lies on the scaling across
organizations, hence barriers to getting upstream suppliers to use blockchain are highlighted. To
begin with, P2 who runs a blockchain platform stresses the importance of starting small and build
add-ons later to scale successively instead of an all-at-once implementation:

“From an actor's perspective, if you can see, what we usually recommend is that you think big, but
you start small, and now.” - P2

He explains that starting with the aim of implementing blockchain along the whole supply chain at
once, will be a hard and complex integration to perform. There are multiple actors that must be
aligned and sometimes the organization needs to replace some of the supply chain participants. This
could be the case if some of the participants are operating unsustainably or are having suspicious
activities going on. P2 indicates that in such a case, there might be actors in the network that do not
want to share the data, hence they need to be replaced, which is often a massive undertaking.
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Therefore, P2 suggests that organizations start off with an initial phase of implementation where
they only build an internal blockchain to track their own production, and enlarge it later on to build
the blockchain network. In line with this, P3 and C1 agree that some companies do not want to share
their data, which then becomes a barrier for implementing blockchain along supply chains. Both C1
and C2 mention that they needed to have top management meetings at the suppliers’ sites to
convince them to use blockchain.

“And that has been a lot of work. We have to involve our senior management to have top meetings
and so on.” - C1

P3 states that it is important to have a collaborative relationship with the suppliers, instead of having
a top-down approach, because then resistance will become a barrier to implementation. This is
agreed on by C2 who states that they regard the collaborative relationship with suppliers as essential
to implementation of environmental technologies. Also, P1 mentions that all organizations within
the system must benefit from the blockchain implementation, otherwise organizational barriers
might hinder implementation and scaling. Another factor to consider is that the organizations
connected to the blockchain platform must have incentives and drivers that make them actually use
the technology. This is stated by P1:

“Also how to bring the different stakeholders to really use the infrastructure layer that we built up.
And on top, their own applications.” - P1

Managing these incentives across organizations is not always easy and building the network can be
complicated. This is brought up by P2, who believes that building the industry networks might be
the main barrier for blockchain implementation. This is especially true in the food industry, as a
single product may consist of multiple ingredients, thus a whole network of suppliers must be
connected. C3, who is also operating in the food industry highlights this problem:

“That's also a bit tricky because if you have a broccoli pie or a complex product, that has more
ingredients and also ingredients that are seasonal. I mean, there is a lot of countries of origin in that

product” - C3

Thus, it is not only one supply chain, but rather a whole industry network that needs to be built and
integrated on the blockchain. Both P2 and C3 mean that this poses a critical challenge for the
implementation of blockchain along supply chains.

In general, all respondents highlighted the difficulties of getting all the supply chain participants on
board with the blockchain technology. C1 talks about how they have found it difficult to onboard
Chinese suppliers. Both because they do not trade directly with them, but also because they are not
under the same regulatory framework. For example, the new EU regulation (PEF) which will require
a higher degree of transparency when it comes to CO2 footprints, is a law and a must to comply with
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for the European market, but not for the Chinese. Thus, there are sometimes conflicting interests that
need to be managed:

“But it's not easy, you know, when you're coming into a company in China, and the only thing they
are doing is delivering material to another company in China. So, they don’t care about the

European communities and EU regulations.” - C1

C1 continues to state that it can take a long time to convince the suppliers to start using blockchain
and implement the scanning processes that are needed. This is also mentioned by C3 who means that
suppliers need to be reassured that this is beneficial for both sides. Further, C2 explains that it took a
long time to convince their suppliers as well. C2 indicates that the more the suppliers understand the
benefits, the faster they are willing to get onboarded.

“In the beginning we found it hard to convince the suppliers. But as soon as we talked about all the
dangers that the old and current methods did, both to the people and to the environment, they were

convinced to do this implementation. But yeah it was not easy at first.” - C2

Onboarding suppliers is also a challenge for C3, who mentions the barrier of building a network
within the supply chain ecosystem. This is according to C3, exceptionally complicated in the food
industry. Not only due to the reason stated above, but also because the industry is characterized by
short term contracts that can vary not only yearly but oftentimes even seasonally.

“And then if you build up a blockchain technique and some of the suppliers put in time or money,
and then they don't use it in the next year. They won't do [implement] it. I'm sure.” - C3

Also, C1 agrees that it is a long and complicated process to implement blockchain when trade
agreements are written with new suppliers. He means that they do not always understand the
benefits, but instead only see the costs:

“Then you have a completely new supply chain. And that takes six months to set up this supply chain
and get the onboarding [...]. That is something we are struggling with. Because there is an annual
fee and service agreement between Circulor [blockchain SaaS] and the different companies, and
they haven't seen the benefits so far. It's only work and cost for them.” - C1

Lastly, considering that blockchain will store immutable data, companies that are cheating on
environmental factors will be more reluctant to implement it. This is pointed out by P2 and P3.
Consequently, it is important to be aligned with the sustainability aims across the supply chain.

“First of all, it’s about picking those who want to do the same things as you, and you kind of have an
agreement from the beginning. Because [...], how can you even try to make any change together if

you don’t have the same basic ideas about sustainability?” - P2
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However, P2 also points out that it is not always possible to choose the most sustainable suppliers.
Therefore, it becomes a barrier to implement blockchain when lower-tier suppliers do not care about
sustainability, or as stated above, when they are not regulated by law to the same extent (C1, P3).

4.3.2 Internal Issues - Management & Time

Barriers towards blockchain adoption are not only present across organizations but also within
companies (C1, C2, P1, P3). For example, C1 describes that internal issues arose when they decided
to start using blockchain in their supply chain. One such example is the feeling of being encroached
by co-workers since they had to start talking directly to lower-tier suppliers, hence, approaching
suppliers that were previously under the control of another employee. C1 means that some
colleagues felt intruded:

“Hey, this is my supplier, you don’t go in there and touch anything.” - C1

In general, C1 could not see any disadvantages of implementing blockchain, it only required hard
internal and managerial work to solve issues, get over hinders and reach thresholds. Within the
organization, it is also important to have the right leaders for this kind of project, as well as having
time to run it. The issue of lack of time is brought up during the interviews with P2 and P3. As an
example, P3 describes another company which are in the forefront when it comes to environmental
sustainability, but have not implemented all the sustainability capabilities due to time constraints:

“But we have talked to for example [organization] and they loved this idea and they hadn’t thought
about it themselves, they are so fully occupied with what they are doing so it’s very difficult to think

one step ahead.” - P3

For C2, an internal barrier is the lack of a specific team managing the implementation and
development of blockchain. Within C2’s organization, different departments are responsible for
managing the blockchain-based supply chain. Thus, it requires collaboration across the marketing,
IT, supply chain and sustainability departments:

“You know, we have knowledge about some parts of it in one department and then other IT experts
in another. It’s hard to find time and to, you know, talk to each other as we all have the main

business tasks going on.” - C2

In general, internal management barriers were not discussed to a large extent by the interviewees.

4.3.3 Technical Issues & Skills

The perception of whether blockchain is a difficult technology to implement with regards to
technical complexity, differed across respondents. This variation is because the respondents’
organizations have implemented blockchain to varying extent and have different experiences with
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the technology. For example, a technical barrier mentioned by P3 is the challenge with the type of
technology that blockchain is. She explains that one must understand that blockchain is not a tool,
but rather an infrastructure that needs to be connected to other technologies and tools. Furthermore,
P3 indicates that there are no best practices yet, as blockchain in supply chains is still in its infancy.
Blockchain being complex and new, are barriers that are brought up by others as well. For example,
C3 indicates several times that blockchain is still very new, and he also highlights the importance of
connecting blockchain to other tools and technologies to get the most out of it.

“You need to use different kinds of techniques like geographical information systems and satellite
data or [...] drones. So, you need to sort of mix them and see if we could get rid of the people and

only use the automatic thing. So, I think that's the thing that I'm a bit worried about.” - C3

From the previous section on driving forces, respondents expressed that managers often find it easy
to understand blockchain technology. However, at the same time, it can be technically difficult to
implement it in order to derive the full potential value (C2, C3, P3). Interviewee P3 brings up the
importance of having the right base to build upon, and means that it is almost essential to have
undergone a digital transformation before implementing blockchain:

“If you have kind of jumped over some previous technologies or innovations or digitalization eras,
then it [implementing blockchain] will not be possible.” - P3

Further, P3 states that it is important that the organization itself, or the project leader, is interested in
new technologies. If there is no previous knowledge within the organization, it will be hard to start
using blockchain. In line with this, P1 expresses that a functional IT/IS infrastructure is needed to
implement different use cases with blockchain. The infrastructural layer sets the base that one can
build the platform on. On this platform, the organization will later build the application layer, where
the use cases are implemented (P1). On this topic, C3 highlights the need for skilled employees who
can manage the data analysis. Furthermore, C3 states that immense amounts of data will be stored on
blockchain, and someone needs to make sure that the data becomes understandable within the
organization:

“There are different departments analyzing this kind of data, I think that's a problem, actually, who
should host the data that we bring in?” - C3

Furthermore, even if the above-cited issue is solved, C3 also points to the problem of having the
right analytical skills:

“So you need some new skills, I think, that we don't have. And maybe we don't know what kind of
skills we need to analyze this kind of data and see the options with it and the possibilities with this

kind of data. So, I think that's an obstacle for us.” - C3

53



Thus, C3 points to the problem of sorting the data into valuable information so that it becomes
manageable. This requires data analytical skills that they lack today. Additionally, he mentions that
they have good information about sustainability but are still not using the full potential of it because
of these issues. Similarly, C2 mentions that this lack of technical skills is the reason why they have
not started using blockchain’s full potential, as it is technically hard to implement some of the use
cases. These technical barriers are somewhat linked to the internal barriers, where the focus is on the
internal management and culture of the organization.

4.3.4 Human-Technology Interaction

Human-technology interaction issues are stressed by both C3 and P3. P3 emphasizes that blockchain
itself will not solve all trust issues, as we are still dependent on the individual who puts the data on
the chain. If organizations are unable to trust the people, blockchain will not generate its full value:

“Some part of the problem comes before it even comes into the blockchain. I mean, how can we
guarantee that the data that is put on the blockchain is correct?” - P3

Moreover, C3 indicates the problem of the human factor, which can disturb the data and lead to
incorrect numbers and figures. C3 believes that blockchain-based supply chains must become more
automatic, so that less human interaction is present, in order for blockchain to be a more attractive
solution to implement. However, this requires that blockchain is connected to other tools and
technologies, as pointed out previously under the technical barriers.

“There is still human impact on the result. If you miss tracking scores, or if you miss tracking along
the line, then it's not working. So, you need to be even more automatic. - C3

4.3.5 Other Issues

As mentioned earlier, C3 needed to travel to the suppliers’ locations and have in-person meetings in
order to get them on board. However, during the COVID-19 pandemic, this has been very difficult,
which is an external barrier to blockchain implementation.

“This has been a challenge with the pandemic, of course, because in the beginning, we had the
meeting face to face, with the sub-suppliers, together with the first-tier supplier, and Circulor

[blockchain SaaS] which is the provider here. […] And we could have a walk through the process
and how we do the scanning process. And we could do this onboarding in two days, more or less.

And now it takes months.” - C1

Thus, having the meetings online instead, with different people coming into the digital meeting
every time has been a real challenge in terms of efficiency and speed of implementation (C1).

Furthermore, another barrier that is already addressed under technical barriers, but which is worth
mentioning again: Blockchain is still a new technology, especially in this application area. The
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newness of the technology does not pose a technical challenge per se, however, the newness of
blockchain is a challenge regarding best practices and standards - there are no best practices for
implementation and use of blockchain. This is mentioned by several respondents (C1, P2, C3) who
all are pioneers in their industries. C1 for example, mentions that it can be quite demanding to
always be at the forefront and never have the opportunity to learn from others first. Similarly, C3
indicates that they do not know of any other (Swedish) grocery chain that has implemented
blockchain.

A summary table of the empirical findings and how they have been coded and analyzed is displayed
in Appendix 4.
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5 Analysis & Discussion

The following chapter will provide an analysis and a comparison of the findings in relation to the
literature and theoretical frameworks. To answer the first research question, the empirical findings
will be analyzed and compared to the claimed potentials of blockchain, brought up by the literature.
This is followed by an adoption analysis with focus on driving forces and barriers, to answer the
second research question. Lastly, a discussion regarding possible solutions for the main barrier is
presented. The literature, empirics, as well as the authors' interpretations help to find solutions for
this bottleneck.
______________________________________________________________________________

5.1 What Benefits are Realized?
By comparing the empirical findings with the literature, it can be concluded to what extent the
claimed potentials of blockchain-based supply chains are realized. This is summarized in Table 4.
The first column represents the identified capabilities of blockchain-based supply chains from the
literature (Table 1). In the second column, it is shown if and how many (given in brackets) of the six
respondents have adopted the sustainability capabilities. The last column presents which of the
identified potentials are not used at all by the respondents. The table demonstrates a holistic view of
blockchain adoption and where the gap is present, according to the empirical findings.

Table 4

Blockchain Applications and Realization of Benefits

Capability
Identified by the

literature & realized
by respondent(s)

Only identified
by the literature

1. Tracking Environmental Performance of Suppliers ✓ (5)

2. Tracking Materials & Waste Management ✓ (2)

3. Tracking Logistics Information ✓ (2)

4. Collecting Data on Sustainability of Production ✓ (4)

5. Collecting Data on Packaging Material ╳

6. Decentralization of Energy & Emissions Management ╳

7. Verification & Transparency of Green Products ✓ (4)

8. Tracking Location of Products ✓ (3)

9. Tokenization ╳

Note. The number given in the brackets (#) shows how many of the six respondents are realizing
sustainability benefits from this capability.
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It can be seen that tracking the environmental performance of suppliers is a capability adopted and
applied by five of the respondents. Therefore, this is one of the main potentials of blockchain’s
tracking and tracing ability and is already used by most of the respondents. Since all respondents
have already been exposed to blockchain in supply chains, this finding is not surprising and was
predicted by the authors of this paper. The potentials collecting data on sustainability production
and verification & transparency of green products were already used by four of the six
interviewees. It should be noted that these potentials are very closely linked to the tracking of
suppliers and can also be used with the advantages that blockchain brings with it. Nevertheless, it is
apparent that not all interviewees make full use of the mentioned potentials. For example, only three
respondents use the capability tracking location of products. The limited application becomes even
clearer with the capabilities tracking materials & waste management and tracking logistics
information which only two organizations are making use of. The gap between literature and reality
is actually largest for collecting data on packaging material, decentralization of energy & emissions
management and tokenization. The latter is very interesting as tokenization is already used in many
other areas and more and more companies are issuing their own coins.

The analysis in the preceding paragraph clearly indicates that there is a large gap between the
sustainability potentials of blockchain-based supply chains and reality. None of the capabilities from
the literature were used by all respondents and most of the capabilities were used by less than 50
percent of the respondents. However, it needs to be said that this fairly new technology is only used
by a small number of organizations within supply chains. Whether this small group is what Rogers
(2003) and Moore (2014) call ‘innovators’ and ‘early adopters’ will be elaborated further in the
following sections. Moreover, the reason why this gap is so evident and the measures that can be
taken to reduce it are discussed in the subsequent sections of the analysis.

5.2 Major Driving Forces and Barriers
To understand why some capabilities of blockchain are not used, or to a low extent, the respondents
were asked about the aims and objectives of the implementation of blockchain. They were also
asked about the issues they encountered which made it difficult to implement or scale the
applications and use cases of the technology. One should bear in mind that the coding process entails
subjective interpretation by the authors. However, the mitigation to this issue is already explained in
the methodology section. Lastly it needs to be said that the interview questions regarding forces and
barriers were asked open-ended.

5.2.1 Aims and Driving Forces

Starting with the driving forces and aims behind the implementation of blockchain, Figure 7 shows
the share of respondents who mentioned the different identified drivers of implementation. It does
not show the strength of the force but merely at which frequency these topics were discussed across
interviews. It is apparent that there is a high consistency across interviews as each category was
mentioned by several of them. This means that there is likely a mix of forces that drives companies
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to adopt blockchain, and seldom is there only one thing that is important for organizations when
making the adoption decision.

Figure 7

Discussed Driving Forces & Aims of Implementation

What makes this distribution interesting is that even though the questions were asked open-ended,
there is still a great consistency in what the respondents brought up. Regardless of the industry, prior
knowledge, and degree of implementation the findings show that the blockchain adoption-decision
seems to be driven by the same set of driving forces.

All of them were implementing blockchain for efficiency purposes and the empirics brought up
several ways in which blockchain can contribute to efficiency in the supply chains. These examples
are all closely related to what Kshetri (2018) brought up in the literature regarding supply chain
objectives, especially in reducing cost, being more flexible and ensuring high quality. Furthermore,
sustainability was brought up as a new, sixth, objective of supply chain management (Kshetri, 2018),
which is confirmed by the findings in this study. It seems like sustainability is important for today's
supply chains as almost all of them intended to implement blockchain for this reason. However, the
authors’ interpretation of the empirical findings is that sustainability was more of a positive
side-effect and not a primary driver behind blockchain adoption. Fortunately, economic benefits,
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including efficiency, often goes hand in hand with sustainability benefits, as indicated by the
findings. This is promising for the applications of sustainability capabilities, as organizations that are
mostly driven by efficiency aims may still see sustainability benefits. For example, reducing waste
and CO2 emissions are sustainability benefits that can also increase overall efficiency of the
organization.

The external pressures that companies face today were highlighted in the background of this study,
where both regulations and customer demands are putting pressure on companies to become more
sustainable (Park & Li, 2021; Saberi et al., 2019; Venkatesh et al., 2020). This is consistent with the
findings in this study, as almost all mentioned external pressures as a reason and driver to implement
blockchain. However, this driver is inconsistent with the adoption theories as these are more
concerned with a voluntary adoption decision process. Instead, the external pressures make the
decision less voluntary. Moore and Benbasat (1991) added two driving forces to the Adoption Life
Cycle: voluntariness of use and image. Here, there is a clear link between the driving force of
‘voluntariness of use’ and ‘external pressure’. Perhaps, ‘image’ could be said to match the
‘sustainability’ driver. However, the findings propose that it is not only for marketing and branding
that organizations adopt sustainability applications of blockchain. Instead, the empirics show that
most of the organizations are already working with sustainability matters, where blockchain can
make these processes more efficient. Furthermore, as mentioned above, the external pressures found
in the empirics are divided into customer demands and regulations. Interestingly, both of these sides
are concerned with the demand for transparency. Consumers want to know exactly what they buy
and regulations force companies to transparently show how goods are produced and the effects on
the environment. Several of the interviewed organizations point out that blockchain is, to their
knowledge, the right and perhaps only solution for this. These external pressures go beyond what the
traditional adoption theories by Rogers (2003) and Moore (2014) discuss, hence adding a new
dimension to technology adoption. First, because it transcends the voluntariness of adoption, as
stated above. Second, because this external dimension goes beyond the technology itself and its
attributes.

Even though security was only mentioned by four out of six respondents, it is still a majority that
adopted blockchain partly due to its characteristic of bringing trust and security to the data. This is in
line with Saberi et al. (2019) who stated that blockchain will improve this aspect compared to the
most used ERP systems that businesses use today. The empirics show that in supply chains with
many actors, blockchain can improve security through its immutability and transparency.

Lastly, tech enthusiasm seems to be driving a majority of respondents. Several mentioned that they
are interested in trying out new technologies and are still experimenting with blockchain. The
respondents gave the impression that they are not yet fully familiar with how they can use it, which
is also confirmed by the findings in the first section of this chapter where the gap was highlighted.
The empirical findings suggest that the technology is not yet mature, which could lead to resistance
among early majority adopters, according to Moore (2014). Relating this to the driving force of ‘tech
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enthusiasm’, it becomes clear that those organizations which have adopted blockchain, are not the
majority but rather innovators or early adopters. With the definition of the early majority in mind, it
is evident that this group has not yet adopted blockchain, as they prefer to wait until a fully working
solution is available and used by a trustworthy reference. Several respondents stated that they were
the first in their industry to implement a blockchain-based supply chain, which implies that there are
few trustworthy references to use in the adoption-decision. Consequently, linkages can be seen
between empirics and theory, where it seems like blockchain SaaS is indeed in what Moore (2014)
calls the chasm. However, this statement can only be based on the interpretation of what these
supposedly innovators and early adopters have said, as it is believed that none of the respondents
belong to the early majority category. What supports this statement is that none of the respondents
mentioned that they mentioned that they started using blockchain because they had seen other
successful implementations. Neither did they start using blockchain because they believed that the
solution is fully developed and productive. Instead, they all had a strong tech enthusiasm and wanted
to experiment to see what it could do for their supply chain management.

So far, it has been analyzed to what extent the respondents were making use of the sustainability
capabilities and what made them adopt blockchain-based supply chains in the first place. From the
findings, it is evident that the full potential of blockchain is not used, and that mainly innovators and
early adopters have implemented the technology. The next section will discuss why the claimed
potentials have been difficult to adopt, by analyzing adoption barriers.

5.2.2 Issues and Barriers

Five different categories of adoption barriers were identified in the empirical findings of this study.
These are shown in Figure 8, where the share of respondents who have mentioned related issues, is
displayed. As discussed, three of the technological capabilities are not adopted and none of the
applications are used by all studied cases. Thus, there is indeed an adoption gap and the question is
“why?”. As the respondents have already adopted blockchain technology, it is rather the adoption of
capabilities and the barriers to full use of the technology that will be discussed. The empirical
findings show that it is mainly due to the blockchain adoption by suppliers as well as technical
issues & skills that create obstacles for adopting blockchain to its full extent. These two barriers are
considered as major barriers, since almost all respondents mentioned issues related to them.
Therefore, they could be interpreted as high barriers to overcome. If a barrier was easy to overcome,
it should not be brought up by a majority of respondents and hence could be interpreted as low
instead.

The third largest barrier is internal issues - management & time, which is mentioned by four of the
respondents, as seen in Figure 8. As all of the case organizations have started using blockchain to
some extent, the question in this study is not why companies have not adopted blockchain per se, but
rather why it is not adopted and integrated to its fullest. Kirsner (2018) and Haag (2014) highlight
issues regarding internal management, lack of alignment and organizational inertia, which poses
barriers to innovation adoption. However, as the organizations have already adopted the technology
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and expressed their tech enthusiasm, organizational inertia is likely not the reason why they have not
scaled it to further applications. Internal management issues are instead linked to lack of time and
due to responsibilities being dispersed across organizational departments. Furthermore,
human-technology interaction as well as other issues are considered less significant as they were
only discussed to a limited extent by a few respondents. These barriers are therefore considered as
low and middle and will not be discussed in detail.

Figure 8

Discussed Barriers to Implementation

The two major issues, interpreted as high barriers (see Figure 8), must be given attention as they are
most likely to contribute to the chasm issue. When asking open questions regarding issues and
obstacles, a clear consistency was identified in the empirical findings. First, technical issues & skills
is a barrier for implementing blockchain and applying it to further use cases because it requires
technical and analytical skills that not all organizations have. This is in line with Venkatesh (2022),
who stated that a technical barrier for blockchain is the necessity to combine it with other
technologies such as IoT, AI, and the existing IT systems of the organization. The empirical findings
confirm this and suggest that organizations who lack the right competencies, or have not yet gone
through a digital transformation, will have high technical barriers to overcome. Furthermore, the
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empirics emphasize the importance of connecting blockchain with other tools, as blockchain per se
is not a solution on its own, since it is merely a way of storing transactional data.

The highest barrier of the empirical findings is the adoption by suppliers. The question arises how
this barrier significantly affects the applications of the case companies. It could be assumed that the
companies would be able to use the technology to its full extent without their suppliers. But that is
simply not possible. The interesting aspect of blockchain-based supply chains and adoption theory is
that in this regard, they match poorly because of the interrelationship between organizations. The
decentralization of data shifts the supply chain relationships from top-down to a peer-to-peer
network, which means that the retailer becomes increasingly dependent on the data management of
its suppliers. Thus, having the suppliers on board, and making sure that they adopt, integrate and use
the blockchain technology correctly is crucially important. This is related to what Saberi et al.
(2019) call inter-organizational barriers who state that it can be hard to implement blockchain along
the supply chain. The findings of this study confirm Saberi et al. (2019), as it seems indeed like
inter-organizational barriers are hard to overcome. These interrelationships lead to a situation where
the adoption by one company is also dependent on the adoption by others. The findings suggest that
organizations are not only dependent on the adoption along the supply chain but also on the industry
network, including competitors. The inter-organizational barrier becomes even more severe when
companies have short contracts and therefore change the supply chain partners frequently, as it is not
worth investing in onboarding processes. Taking these interrelationships into account is especially
important for the emergence of industry standards, which will be an essential development in the
upcoming years, according to the empirical findings.

As already stated, it is believed that the early majority has not yet adopted blockchain-based supply
chains. This argument is based on the fact that none of the respondents made statements that are
typical for an early majority individual, according to Rogers’s (2003) description of that adopter
category. Thus, when trying to understand why the early majority has not yet adopted blockchain,
the technical issues are apparent. The blockchain technology is probably not mature enough for
supply chain management regarding all claimed sustainability capabilities. Even though the findings
suggest that blockchain is easy to understand, it still requires a lot of skills and knowledge to
integrate it with other technologies and make full use of it. Since the findings show the gap in
blockchain adoption of capabilities, it is quite clear that blockchain is not mature enough for the
early and late majority. As the findings suggest that the technical issues are present even for those
who can be regarded as innovators and early adopters, it might be an even greater challenge for the
majority market. Additional arguments for why the respondents of this study are innovators and
early adopters, and hence why it is likely that blockchain has not reached the majority market yet,
are the following: First of all, some of the interviewees indicated that other companies from the
same industries are facing the same challenges. Second, the fact that few companies have yet
explored this complex technology demonstrates that many are facing these challenges and are
waiting to see if others are successful. Third, the difficulty in finding suitable interview partners for
this paper reinforces this argument from the discussions with the companies. All these arguments
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indicate that the companies interviewed for this research can be seen as early adopters or innovators
according to the Technology Adoption Life Cycle by Rogers (2003).

Another important perspective brought up by Rogers (2003) is that the perception of the technology
with regards to five attributes has the potential to slow down the adoption process, hence posing
barriers to adoption and diffusion. However, the empirics show that most of these attributes are
perceived as advantageous rather than barriers. First, the relative advantage seems to be high, since
several respondents mentioned that there is no other technology that can solve the traceability and
transparency in this secure and trusted way. Second, the compatibility can be regarded as high for
the case organizations in this study as it fits well with how they prefer to work with new
technologies. Third, complexity is defined as the difficulty of understanding the technology, which
according to the findings is not a problem for the case organizations. Fourth, the trialability attribute
is perhaps the most challenging, as it requires large investments both in terms of time and money to
implement blockchain-based supply chains. Fifth and last, the observability is low as few companies
have implemented blockchain on a full scale, which makes it difficult to see whether it is successful
or not. The main barriers in relation to these attributes are according to the findings the trialability
and observability. However, as all case organizations have already started experimenting with
blockchain, it seems like they are not hindered by these challenges. As innovators and early
adopters, they have already overcome the challenge of trialability without having the opportunity to
observe existing use cases. Thus, it does not seem like these attributes are slowing down adoption
from the perspective of the case organizations. However, as mentioned above, the adoption by
suppliers is the main barrier according to the findings, and these attributes are most certainly
perceived differently from their perspective.

To sum up, the findings propose that the chasm contains two issues: (1) The early majority has not
adopted blockchain in supply chain management yet. (2) Within innovators and early adopters, there
is a chasm regarding the use cases and applications of capabilities. The second point is important as
it could potentially solve the first issue. If those who have adopted blockchain can better make use of
it and demonstrate this, the early majority might be convinced. This argument is in line with the
adoption theory regarding The Chasm, developed by Moore (2014). Moore (2014) argues that the
chasm is caused by the fact that the early majority do not want to use the early adopters as a
reference group for how well the technology performs. They are so fundamentally different with
regards to their motivation for adoption. Assuming that those who have adopted blockchain SaaS
today are prior to the majority, their willingness to try out the technology should not hinder them
from using it to its full potential (Esmaeilian et al., 2020; Kouhizadeh & Sarkis, 2018; Park & Li,
2021; Saberi et al., 2019). Instead, what the empirics propose is that the main issue that prevents
blockchain-based supply chains from using the full potential, is the suppliers’ resistance. How the
suppliers can create such barriers to the organizations’ usage of blockchain will be discussed in the
following section, which will be devoted fully to this barrier as it is considered the main finding and
contribution of this study.
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5.3 The Bottleneck of Blockchain Adoption within Supply Chains
So far, the discussion has been concerned with relating the identified gap to theories and providing
analytical perspectives to why the gap is present. It is derived that the participating organizations of
this study are most certainly within the innovators and early adopter categories. This statement is
backed up by several arguments. Further, this gap has been linked to what Moore (2014) calls The
Chasm, as the majority market has not yet adopted blockchain. The suppliers’ adoption of
blockchain is highlighted as the main barrier for the case companies’ implementation of all claimed
sustainability use cases. This barrier will be analyzed in more depth and detail in section 5.3.1. In
section 5.3.2 potential solutions will be discussed.

5.3.1 The Challenges of Adoption by Suppliers

The authors’ belief was that this study would provide different reasons to why some capabilities
were adopted, and others were not. Indeed, there are several reasons which together create barriers
for adoption and making full use of the technology. However, it was also found that most issues
were centered around one main barrier – blockchain adoption by suppliers. Thus, the bottleneck for
organizations who want to adopt blockchain to its fullest extent, is the suppliers’ resistance. This
further hinders developing industry networks and standards for blockchain-based supply chains.

The empirical findings offer a range of examples regarding issues with implementing blockchain
along the supply chain. It is evident that the suppliers in general are less motivated to adopt
blockchain as they are not driven by the adoption forces to the same extent as the retailers. First,
suppliers based in distant geographical areas are not driven by the same regulations, meaning that
they are not exposed to this external pressure to the same extent. The new PEF regulation which will
force businesses to take better control over the transparency and calculation of carbon footprint, will
not affect suppliers outside of the European Union (European Commission, 2021). However, it is
crucial for European companies to trace back the origin and follow the production regardless of
where the suppliers are based. Thus, this is a driving force that affects the supply chain in an
unbalanced way, especially for the lowest-tier suppliers who do not directly trade with European
companies. Second, the external pressure from consumers will again put pressure disproportionally
on the retailers in Europe. These companies will from the consumers’ point of view bear the whole
responsibility for showing their supply chain activities in a transparent way. Along these lines, the
external pressures in general will not affect the suppliers’ adoption as long as the retailers are unable
to shift responsibilities over to the other tiers. This is in line with Villena and Gioia (2020) who
argue that the massive sustainability responsibility that MNCs bear today is a large risk that needs to
be managed. These external demands affect the companies who are operating in the market, closest
to the customers, which also puts them in a risky position. This is also in line with McGrath et al.
(2021) who highlight the ethical responsibility that the MNCs carry in today’s global markets.

Furthermore, the driving force of tech enthusiasm is perhaps of less strength within the supplier
organizations. As the findings show, the suppliers often see the cost and work with the
implementation but find it hard to understand the benefits of the technology. This hesitative
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approach goes hand in hand with the lower degree of innovativeness that characterizes the majority
market. Further, the resistance is linked to the fact that most of the benefits are achieved by the
retailer who gains consumers trust and compliance with regulations. It is reasonable that the less
benefits an organization gains from implementing a new technology, the less interested they are.
Thus, the tech enthusiasm should, according to the authors, be lower in traditional production and
raw material industries, which enhances this barrier of suppliers’ resistance to adoption.

Lastly, the strengths of the security, sustainability and efficiency drivers are presumably diminishing
the lower in the supply chain the supplier is. The efficiency and sustainability benefits of tracking
phases of the supply chain prior to the organization’s position in the chain, reduce as there is less
information to obtain in the lower tiers. For example, tracking transportation and location, as well as
collecting data on production and emissions might not be relevant if there are no or very few prior
suppliers. All in all, it is claimed by the empirics that the suppliers do not have the same aims and
forces to adopt blockchain, and in fact they might have very few or no driving force at all. This
poses a crucial issue to solve for the large retailers who want to implement blockchain along the
whole supply chain.

Relating suppliers’ resistance to theory, it can again be seen from the perspective of the five
attributes of an innovation, which Rogers (2003) argues will affect the adoption-decision process.
For the interviewed organizations, these technology-focused barriers seemed to be of less relevance,
as discussed in the previous section. However, for the suppliers, the empirics suggest that the
resistance indeed has connections to these attributes, especially the complexity, compatibility, and
trialability. As the findings propose, it will be a high barrier to implement blockchain if the
organization has not gone through a digital transformation, as blockchain needs to be connected with
other technologies as well. Thus, complexity, compatibility and trialability will most certainly slow
down adoption by lower-tier suppliers if they are still working traditionally and manually without
digital tools, as it becomes difficult to understand and try blockchain at a low cost. Furthermore, as
observability is an issue for the respondents of this study, it is inevitably an issue for the suppliers
too.

Relating back to Rogers (2003) and the Technology Adoption Life Cycle, as well as The Chasm
(Moore, 2014), the resistance posed by the suppliers indicate that these organizations are likely to be
within the majority market adopter categories. Thus, with the empirical findings in mind, it is
expected that the market for blockchain-based supply chains is in the chasm. Whether suppliers in
general are categorized as the majority market, is difficult to state and it probably varies from
supplier to supplier. However, the findings suggest that it is likely that suppliers are majority market
adopters, which is indicated by showing this resistance; focusing on the cost rather than the expected
benefits; and being hard to convince. As we have these interdependencies along the supply chain, it
affects those who have already adopted blockchain negatively, as it makes it difficult for them to
make full use of the technology. For example, it is hard to calculate a precise carbon footprint if all
processes along the chain are not included. Further, the findings indicate that tracing the use of
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packaging material is not implemented, which undoubtedly is hard if those lower-tier suppliers who
package the first material do not use blockchain. Consequently, this inter-organizational barrier is
perceived as the bottleneck of this adoption process as it makes the diffusion vulnerable and
dependent on the attitudes of the suppliers.

As an end note to this section, it can again be argued that the empirical findings go beyond what the
Technology Adoption Life Cycle as well as The Chasm tell us about innovation adoption and
diffusion. The models are mainly concerned with technological attributes and psychological attitudes
towards innovations. However, the external pressures, which were discussed above, as well as these
interrelationships along supply chains, add new dimensions to the adoption process. These
dependencies across organizations means that for a technology like blockchain, which is based on
connecting companies, the decision to which extent the technology is adopted becomes more
complex. It is not purely up to each individual organization itself to decide to what extent it is
adopted, as they are all reliant on each other. This is highlighted by one of the respondents who
brings up the importance of making sure that the infrastructural layer is integrated in all
organizations and that they use the application layer. Consequently, the adoption of blockchain
capabilities in supply chains might be more complex than what Rogers (2003) manifests.

5.3.2 Possible Solutions for the Bottleneck

To solve the issues around this bottleneck, two main aspects brought up by the empirical findings
need to be considered. First, to implement blockchain along the whole supply chain, suppliers in the
lower tiers must be convinced or incentivized to adopt the technology. Second, there might be a need
for industry standards to develop so that common platforms can be used that are tailored for the
specific needs of different industries.

The given analysis and results stated above should be taken into account when trying to implement
blockchain technology along the supply chain. The before-mentioned inter-organizational issues
have been identified as the bottleneck in blockchain adoption and therefore this paper will give
practical solutions on how to solve or mitigate these issues. The findings suggest that collaboration
with suppliers works best if they either share the same goals or are subject to the same external
pressures. Since retailers are in the public eye, they are naturally more interested in selling
transparent and sustainable products. As the suppliers are not affected by the pressure from
customers to the same extent, it is important to encourage suppliers to become more transparent and
to use the blockchain accordingly. As blockchain is a decentralized technology, it has the potential to
shift sustainability work from being only top-down management to also include bottom-up
initiatives. It is highlighted both in the literature (Esmaeilian et al., 2020; Kouhizadeh & Sarkis,
2018; Saberi et al., 2019) and in the empirical findings, that blockchain has several advantages when
it comes to incentivizing workers and organizations in general. For example, creating incentives can
be done by implementing tokenization and building the internal reward system where sustainable
behavior is rewarded with tokens. Tokenization is also one of the blockchain capabilities brought up
and discussed in this paper. Through tokenization, the first suppliers could also benefit from the
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introduction of the blockchain and thus even increase their profit. After all, companies are economic
entities that are ultimately concerned with making profits. If the suppliers are only told that the
blockchain technology is to be introduced, which leads to higher costs and breaks up routines but
does not create any actual added value, it will be almost impossible to get them onboard. Making
sure that the adoption of blockchain benefits all tiers of the supply chain is the key. Another
incentive can be to increase efficiency through blockchain as more efficient and leaner processes
lead to cost reduction, which justifies the initial investment. As the empirics suggest, organizations
are mainly driven by efficiency, hence emphasizing efficiency gains when convincing suppliers is
crucial. The proposed solution is about letting the lower-tier suppliers benefit from blockchain and to
work closer with all tiers regardless of whether the organization does business with them directly or
indirectly. Collaboration is believed to make the adoption and diffusion of blockchain along the
supply chain easier, according to the findings.

Moreover, it has been discussed how the perception of the five attributes of an innovation from
Rogers (2003) affect the suppliers’ adoption negatively and slows down the diffusion. Here, it is
essential for the retailers who want their suppliers to adopt blockchain, to mitigate these issues. First,
the complexibility can be reduced by developing clear onboarding processes at the suppliers’ sites.
This is suggested by the findings to be an important part of the diffusion process. Second, the
compatibility issues can be mitigated by making sure that other technologies necessary for the
implementation of blockchain are introduced successively in a logical order. Both literature
(Venkatesh, 2022) and empirics highlight the importance of other digital tools. Hence, it is important
to have patience and introduce tools and technologies stepwise to alleviate the resistance to
overwhelmingly large changes. Third, it is vital to demonstrate the usage and benefits of blockchain
on a small scale to mitigate both the observability and trialability obstacles. Again, it needs to be
stated that the suppliers are not early adopters and thus, according to Rogers (2003) they are less
innovative and more practical. Therefore, it is important to mitigate these issues so that suppliers’
perception of blockchain becomes more favorable. Furthermore, from Moore’s (2014) perspective,
bridging the chasm can be done by focusing on specific supplier groups within the early majority,
and then expanding to other actors along the supply chain. As the early majority does not want to
use the early adopters and innovators as a reference, but prefer to listen to others within the majority
market - it is essential to win over suppliers successively. Therefore, organizations should strive for
getting the largest and most influential suppliers onboard first. According to Moore (2014) and the
empirical findings, it is important to start stepwise and expand later on.

This paper has also brought up geographical differences between the retailing companies and
suppliers, which leads to differences in external pressure regarding different regulations and laws.
Thus, the disproportional pressure on the retailers, stemming from stricter European regulations,
must be shifted over to suppliers from other parts of the world as well. In an ideal world, this issue
could be solved by global regulations that hold for all the companies. However, as global regulations
are hard to achieve, another possibility is to consciously choose suppliers that legally fall under the
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same regulations. Lastly, organizations could set up stricter internal policies demanding more
transparency from suppliers, or give lobbyists the responsibility to manage local policies.

Furthermore, even if suppliers become less resistant to implement blockchain, a problem regarding
incompatible systems will eventually emerge within industries. This issue is related to the discussion
in the previous section regarding the interrelationships across organizations, together with the
decentralization characteristic of blockchain, which makes them highly dependent on each other.
The findings suggest that building industry standards will be a crucial task for the future, as
companies nowadays are so intertwined with each other that all must agree on a common platform.
In line with this, Moore (2014) proposes that standard solutions are developed so that most
requirements among users, in this case suppliers, are met. The empirics highlight the complicated
situation within the food industry, where a single product contains ingredients from several different
suppliers which in turn are also suppliers to other grocery chains. Additionally, the issue with short
contracts and changing supply chains, which would lead to frequent and heavy investments in
onboarding processes, can be mitigated by developing standards. If all retailers use a common
platform, there is less work for each single organization to onboard every supplier, if they share the
same suppliers in the network. To develop standard platforms used within entire industries, the
empirics suggest that actors must collaborate industry-wide, even with competitors. Thus, taking an
open-innovation approach will be crucial.
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6 Conclusions

This final chapter will present the reached conclusions and provide answers to the stated research
questions. It will also present what implications the drawn conclusions have for practice and theory.
Lastly, this chapter provides suggestions for future research, based on the limitations of this study.
______________________________________________________________________________

6.1 Answering the Research Questions
This research aimed to identify if there is a gap between the claimed sustainability potentials of
blockchain-based supply chains and why this gap is present. For this purpose, an extensive literature
review was conducted and a total of nine sustainability potentials of blockchain-based supply chains
were identified (Table 1). To analyze whether and why a gap between claimed potentials and
applications exists, a total of six semi-structured interviews with companies and experts who are
engaged with blockchain in supply chains were conducted. To the knowledge of the authors,
previous research has not shown the relationship between literature and reality within this topic.
Thereby, the aim of this paper was to contribute to literature by shedding light on the gap and to
understand why it is present from the perspective of adoption drivers and barriers. Accordingly, the
first research question was formulated as:

To what extent are sustainability potentials of blockchain-based supply chains realized?

Based on this qualitative study and analysis, it can be concluded that there is a gap between claimed
potentials and reality. Due to the empirical nature, it is hard to answer to what extent the capabilities
are used with the compiled empirics. However, it can be concluded that blockchain-based supply
chains are not used to their full potential with regards to sustainability applications. As discussed in
section 5.1, most claimed potentials are not adopted by the majority of respondents (Table 4). Thus,
the purpose of identifying a potential adoption gap within this group of respondents is achieved.
However, a clear answer where a quantitative figure on the extent to which blockchain-based supply
chains are used can unfortunately not be provided due to the low generalizability of findings.

The second research question is based on the first one, which assumes that a gap exists between the
claimed potentials and real applications of the technology. This assumption was made due to the
infancy of blockchain, indications from the background literature, and was confirmed by the
empirics of this study. Therefore, the second research question was derived as:

Why is there a gap between the claimed potential and reality?

To reach a conclusion regarding why this gap is present, the study has taken the theoretical
perspective of adoption and diffusion to analyze actors engaged with blockchain-based supply
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chains. Thus, it has been concerned with identifying driving forces and barriers to adoption. The
driving forces help to understand the reasons why companies are adopting blockchain-based supply
chains. It can be concluded that companies adopt blockchain based on a mix of different underlying
reasons. Both because of external pressures, but also due to the internal desire for efficiency. What
emerged from this analysis was that companies mainly make use of the capabilities that are closely
related to efficiency, cost and waste reduction. Interestingly, sustainability was rarely cited as a
reason for adopting or implementing blockchain in the first place, but was often mentioned as a
positive side-effect. Furthermore, the analysis discussed the newness of blockchain in combination
with the tech enthusiasm seen in the empirical findings. According to Rogers (2003), this indicates
that innovators and early adopters have implemented blockchain, however not the more practically
driven majority market. Consequently, these linkages between empirics and theory imply that
blockchain SaaS is indeed likely to be in what Moore (2014) calls The Chasm. This research has
found that there are two dimensions to this chasm: (1) The early majority has not adopted
blockchain in supply chain management yet. (2) Within innovators and early adopters, there is a
chasm regarding the use cases and applications of capabilities.

Furthermore, it has been derived that this potential gap is present due to several issues brought up
by the interviewees. The majority of respondents mentioned similar barriers for the adoption of
blockchain-based supply chains even though all questions were asked open-ended. Barriers to
technology adoption, such as internal problems or technical problems, were frequently cited. These
go hand in hand with the intra-organizational and technical barriers mentioned by the literature. The
greatest challenge for the case organizations that this research has identified is the blockchain
adoption by suppliers. It turns out that this barrier is the bottleneck of blockchain adoption along
supply chains and the reason why the analysis of this thesis has focused particularly on this barrier.
These inter-organizational barriers are in line with previous research, and add a whole new
dimension to the adoption and diffusion theory. Especially because blockchain links different
companies with different requirements, goals, geographic regions, and regulations together.
Therefore, the complexity makes it particularly difficult to integrate a unified technology such as
blockchain. Not only do suppliers have different goals, but the complexity of supply chains as well
as changing suppliers due to short contracts makes the integration very costly and a major barrier.
Even if the retailers want to bring transparency and sustainability into the supply chain, they are still
dependent on their suppliers, of which the lowest-tier suppliers are especially difficult to manage.

It can be summarized that the adoption of blockchain in supply chains is far more complex than a
pure technology implementation within an organization. The authors of this paper have therefore
come to the conclusion that the gap between claimed potentials and reality is mainly due to the
infantry of the technology in supply chains as well as the difficulties to overcome
inter-organizational barriers. The infantry of blockchain can be seen as reinforcing the issues of
suppliers' adoption as the observability and complexity is low, hence increasing the resistance
among suppliers. This resistance must be mitigated, for example by creating incentives and benefits,
and by having a more collaborative instead of top-down approach.
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6.2 Implications from Conclusions
This research is based on the existing literature regarding sustainability potentials of
blockchain-based supply chains. Even though blockchain is a fairly new technology within supply
chain management, several sustainability capabilities have been identified by researchers. However,
this research provides new insights to the claimed capabilities. Although these are implementable in
theory and have great potential in the area of sustainability, the adoption by the companies is
lagging. This insight from the empirical findings, together with the analysis, has derived several
practical and theoretical implications and contributions.

Practical Implications
Throughout this paper, several barriers have been identified and analyzed, whereby the bottleneck is
the inter-organizational cooperation between retailers and suppliers. This is in line with the findings
of Saberi et. al (2019) who have already emphasized the importance of this barrier. In section 5.3.2,
possible solutions were discussed to overcome this barrier and accelerate adoption by suppliers.
After all, what this study has concluded is that organizations who have already adopted blockchain
will find it difficult to implement all capabilities due to suppliers’ resistance. The suggestions
discussed to mitigate the bottleneck issue are also practical implications.

Furthermore, another practical implication worth mentioning is the internal management. Even
though this barrier was not considered as one of the highest, solving the bottleneck issue through
supplier management will require improvements regarding the internal management. What the study
has already highlighted in the empirical findings and analysis, is the lack of cohesion and
collaboration among those responsible for different tasks related to the blockchain-based supply
chain. Thus, a practical implication, and a proposal from the authors, is that companies should set up
an agile team around blockchain so that employees from different departments can merge together
and collaborate closer. Agile teams can improve the internal usage of blockchain, diffusion along the
supply chain, and mitigate technical issues.

Finally, this research has contributed to the industry by inspiring organizations how they can use
blockchain-based supply chains for sustainability purposes. Furthermore, it has contributed with a
discussion around adoption barriers and possible solutions on how to overcome them.

Theoretical Implications
The underlying theories are the Technology Adoption Life Cycle from Rogers (2003) and The
Chasm (Moore, 2003), which have helped the authors in guiding the analysis of drivers and barriers
affecting the adoption process. In many aspects, there are clear linkages between the empirics and
theory. In particular, the theories have been helpful to understand different psychological attitudes
across adopter categories, and identifying innovators, early adopters and the majority market.
However, this study shows that blockchain is a very complex technology with regards to the
interdependencies across organizations. The adoption of blockchain-based supply chains, and the
adoption of sustainability applications, are decisions that each organization itself does not have full
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control over. These interdependencies go hand in hand with the decentralization of data that
characterizes blockchain. Accordingly, the implication for theory is that the frameworks by Rogers
(2003) and Moore (2014) cannot fully explain the identified adoption gap. Neither can other, more
IT-focused theories (Moore & Benbasat, 1991), explain the bottleneck issue that is highlighted. The
critique against the theories used in this paper was mainly about the complexity of IT solutions.
However, this study finds that it is rather the difficulties of managing interrelationships that makes
the theories less applicable. Thus, there might be a need for new theories to be developed that takes
into account the interdependencies of blockchain-based supply chains. Traditional theories regarding
adoption and diffusion can still be used, but in a critical and careful way.

Finally, this study contributes to filling the identified research gap, brought up by Kouhizadeh and
Sarkis (2018) who stated that future research on blockchain adoption is needed. It also contributes to
investigating barriers to blockchain adoption in supply chains, as proposed by Saberi et al. (2019).
Whether the findings are in line with previous studies is hard to say, due to this research gap. While
previous research has focused on identifying blockchain capabilities, the results of this work
demonstrate the difficulties of adopting them, and highlight the most significant barrier.

6.3 Limitations
Although this study contributes to the literature, as well as the practical field in many ways, it is not
free from limitations. First, the data collection is limited by the few number of respondents who can
be seen as innovators and early adopters of blockchain technology. As the perspective from the
majority market is missing, it might make the findings less generalizable. Further, the collected data
is derived from companies operating in Europe, mainly in Sweden. This limits the study to provide
a snapshot of the extent to which blockchain-based supply chains are used, that only mirrors the
European market. It might be the case that other continents, such as America, have come further in
the application of blockchain. Therefore, the collected data is generally subject to improvement.

Second, this research found that blockchain adoption is mainly hindered by inter-organizational
barriers and a whole section (5.3.2) is devoted to proposing possible solutions. Those solutions are
mainly based on interpretations of the empirical findings. However, generating solutions was not
the aim of the study, but was included to provoke a discussion regarding solutions.

6.4 Future Research
Blockchain is a fairly new technology and applications are constantly discovered and developed,
which is also seen in blockchain-based supply chains. According to several interviewees,
blockchain is still in its infancy when it comes to supply chains. This rapid change, results in
relatively little scientific work on the sustainability potential of blockchain-based supply chains so
far. This paper has filled this gap to some extent. Nevertheless, there are undoubtedly additional
scientific studies needed in order to further elaborate on the topic. The authors of this paper
recommend two topics that should be analyzed in the near future.
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Firstly, a work of similar nature but with a larger data set, should be conducted, that addresses the
early majority. Preferably including data from other continents as well. Such a study should serve to
confirm the adoption barriers identified in this thesis from the perspective of the early majority. This
in turn will help to fully understand and sustainably close the gap described in this paper.
Ultimately, it is the resistance by the early majority that hinders blockchain diffusion along the
supply chain, hence including their perspective to why they resist, or what they are “waiting for”, is
important.

Secondly, the authors of this study have identified the inter-organizational barriers as a bottleneck
for the incomplete adoption of blockchain. Therefore, future research should analyze this main
barrier in relation to blockchain adoption along supply chains more profoundly. The results could
lead to a better understanding of this barrier, why it exists and most importantly, how it can be
overcome. Furthermore, from this future analysis, the authors would hope to see additional practical
solutions to better implement the adoption of blockchain. For example, collaborations between
industry and research could help to develop practical solutions regarding industry standards.
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Appendix

Appendix 1: Notes for Interview Guides

1. The interview guide is just a guide and not all questions have been asked to all participants,
depending on what is already brought up in the more broad introductory questions.

2. Some questions are stated as yes/no-questions. However, in such cases, the respondents were
asked to give examples and elaborate more on the topic.

3. Starred questions (*): these are the most important questions for answering the research
questions and were asked to all interviewees. Other questions were used more as a guide and as a
back-up.
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Appendix 2: Interview Guide for Companies/Users

Introduction:
We are Rebecka Otter & Roman Schubert from the master program Innovation & Industrial
Management at the School of Business, Economics and Law in Gothenburg. As already mentioned
in the email, we are writing our master thesis on the three concepts: blockchain, sustainability and
supply chain management. The purpose of the thesis is to investigate the gap between what
blockchain theoretically can do for companies in their supply chain when it comes to sustainability
and what is actually realized. We will not judge or be critical regarding the benefits you are not
realizing, every benefit or improvement that you see at your company is just a plus and something
positive. Hopefully the results can help guide future research and the participating companies when
the report is finished.

Research Questions:

To what extent are sustainability potentials of blockchain-based supply chains realized?

Further, the second research question is as following:

Why is there a gap between the claimed potential and reality?

Without mentioning any companies, we will or have conducted interviews with organizations linked
to IBM’s Foodtrust platform, the TrustTrace platform, and also people within the car industry.

We will start off with some questions about you, how your company works with blockchain and
later dig deeper into the sustainability benefits that you have seen and realized with the use of
blockchain.

First, we just want to ask:
- Is it okay for us to record this interview?
- Do you as a person wish to be anonymous?
- Does your organization wish to be anonymous?
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Introductory Question:

1. Thank you for being here today and conducting the interview with us to help us answer the
research questions. Could you first introduce yourself briefly.

Blockchain Background:

2. Please tell us about how your organization works with blockchain in the supply chain.
3. What was the aim/goal of implementing blockchain?*

- Did you experience any external pressure to become more transparent?*
4. What are the perceived disadvantages of implementing blockchain in your supply chain?

Something you were skeptical about?*

Blockchain & Supply Chain Management

5. How has blockchain technology made your processes within the supply chain more
efficient?

6. How does blockchain make you more competitive?
7. Do you think blockchain technology is used at the fullest at your company? Why? Are there

things you want to achieve but are hard to implement?*
8. Do you think other technologies or tools can be as efficient? If so, which ones?

Blockchain & Sustainable Supply Chain Management

9. What sustainability goals do you have that blockchain can help you achieve?
10. What are the main sustainability advantages that blockchain brings to your supply chain

management?*
11. We have talked about sustainability as well as blockchain. Very often those two concepts are

called to be a paradoxon, as the blockchain needs lots of energy. What is your view on that?
Why?

12. What sustainability benefits have you experienced by using blockchain related to
traceability? If yes, give examples.*

13. What sustainability benefits have you experienced by using blockchain related to
transparency? If yes, give examples.*

14. Have you been able to detect unsustainable behavior/production at your suppliers that you
needed to handle? If yes, give examples.*

15. Do you use blockchain to trace the resource and waste management? If yes, give examples.*
16. Are you using blockchain to track the transportation and location of products? If yes, give

examples.*
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17. Are you tracking your production processes? If so, does it make it easier for you to manage
compliance with sustainability standards? If yes, give examples.*

18. Do you track the packaging material of your products on the blockchain? If yes, give
examples.*

19. Are you using blockchain to calculate the CO2 footprint of your products? And, then use
this for energy and emission trading systems? If yes, give examples.*

20. Are you using blockchain to verify that a product is sustainable to promote green products
towards customers? If yes, give examples.*

21. Are you using tokenization to incentivize sustainable behavior in the supply chain? If yes,
give examples.*

Summary / Outlook

22. What do you think are the main implementation barriers for different blockchain
applications?*

23. Is there anything that we haven’t asked that you want to add regarding blockchain and
sustainability?
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Appendix 3: Interview Guide for Blockchain Platform Providers

Introduction:
We are Rebecka Otter & Roman Schubert from the master program Innovation & Industrial
Management at the School of Business, Economics and Law in Gothenburg. As already mentioned
in the email, we are writing our master thesis on the three concepts: blockchain, sustainability and
supply chain management. The purpose of the thesis is to investigate the gap between what
blockchain theoretically can do for companies in their supply chain when it comes to sustainability
and what is actually realized. Hopefully the results can help guide future research and the
participating companies when the report is finished.

Research Questions:

To what extent are sustainability potentials of blockchain-based supply chains realized?

Further, the second research question is as following:

Why is there a gap between the claimed potential and reality?

Without mentioning any companies, we will or have conducted interviews with organizations linked
to IBM’s Foodtrust platform, the TrustTrace platform, and also people within the car industry.

We will start off with some questions about you, and your experience with blockchain and later dig
deeper into the sustainability benefits that blockchain can offer along supply chains.

First, we just want to ask:
- Is it okay for us to record this interview?
- Do you as a person wish to be anonymous?
- Does your organization wish to be anonymous?

84



Introductory Question:

1. Thank you for being here today and conducting the interview with us to help us answer the
research questions. Could you first introduce yourself briefly.

Blockchain Platform Background:

2. Please tell us about how your organization works with blockchain in supply chains.
3. What is the aim of this blockchain platform?*

- Did they experience any external pressure to become more transparent?*
4. What are the perceived disadvantages of implementing blockchain from your actors’

perspective? Something they are or were skeptical about?*

Blockchain & Supply Chain Management

5. How has blockchain made your actors’ processes within the supply chain more efficient?
6. How does Blockchain make your actors more competitive?
7. Do you think blockchain is used at the fullest at your actors’ companies? Why?*
8. Do you think other technologies or tools can be as efficient? If so, which ones?

Blockchain & Sustainable Supply Chain Management

9. What are the main sustainability goals that your actors’ are trying to achieve when using
your platform?

10. What are the main sustainability advantages that blockchain brings to the actors of the
platform?*

11. We have talked about sustainability as well as blockchain. Very often those two concepts are
called to be a paradoxon, as the blockchain needs lots of energy. What is your view on that?
Why?

12. What sustainability benefits have your actors experienced by using blockchain related to
traceability? Give examples.*

13. What sustainability benefits have your actors experienced by using blockchain related to
transparency? Give examples.*

14. Have your actors been able to detect unsustainable behavior/production at their suppliers
thanks to blockchain? If yes, give examples.*

15. Do your actors use blockchain to trace the resource and waste management? If yes, give
examples.*
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16. Are your actors using blockchain to track the transportation and location of products? If yes,
give examples.*

17. Are your actors tracking their production processes? If so, does it make it easier for them to
manage compliance with sustainability standards? If yes, give examples.*

18. Do your actors track the packaging material of their products on the blockchain? If yes, give
examples.*

19. Are your actors using blockchain to calculate the CO2 footprint of their products? And, then
use this for energy and emission trading systems? If yes, give examples.*

20. Are your actors using blockchain to verify that a product is sustainable to promote green
products towards their customers? If yes, give examples.*

21. Do your actors use tokenization to incentivize sustainable behavior in the supply chain? If
yes, give examples.*

Summary / Outlook

22. What do you think are the main implementation barriers for different blockchain
applications?*

23. Is there anything that we haven’t asked that you want to add regarding blockchain and
sustainability?
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Appendix 4: Coding Overview for Empirical Analysis

Code Primary Data Examples Theme

1. Tracking Environmental
Performance of Suppliers

⎼ Collecting real-time data on
suppliers

⎼ Detecting unsustainable suppliers
⎼ Influencing suppliers

Sustainability
Capabilities of

Blockchain

2. Tracking Materials & Waste
Management

⎼ Trace defect products
⎼ Improved product quality
⎼ Tracking amount of different

waste categories

3. Tracking Logistics
Information

⎼ Tracking transportation routes
⎼ Incentivizing sustainable driving
⎼ Tracking emissions

4. Collecting Data on
Sustainability of Production

⎼ Calculating carbon footprint

5. Collecting Data on Packaging
Material

⎼ Use of plastic material
⎼ Interesting for the future

6. Decentralization of Energy &
Emissions Management

⎼ CO2 footprint
⎼ Energy consumption

7. Verification & Transparency
of Green Products

⎼ Visualizing for consumers
(scanning app)

⎼ Reducing the occurrence of
greenwashing

⎼ Trustworthy compliance with
standards

8. Tracking Location of Products
⎼ Tracing origin
⎼ Recalling affect batches
⎼ Detecting logistical errors

9. Tokenization
⎼ Car coin
⎼ Giving back sales
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Code Primary Data Examples Theme

Efficiency
⎼ Efficiency for processes
⎼ Economic efficiency
⎼ Efficiency through automation

Implementation Aims
&

Driving Forces

Sustainability

⎼ Possibility of calculating CO2
footprint more accurate

⎼ Traceability of product's origin
⎼ Achieving internal sustainability

goals

Tech Enthusiasm

⎼ Tech affine individuals within the
companies

⎼ Organizations with general
openness for new technologies

External Pressure
⎼ Governmental regulations
⎼ Customer demands

Security

⎼ Data security of blockchain
⎼ Decentralization of data
⎼ Unchangeable system without

possibility of fraud

Intra-Organizational

⎼ No dedicated blockchain-team
⎼ High workload for top managers
⎼ Knowledge spread over different

departments

Implementation
Barriers

Inter-Organizational

⎼ Complex and changing supply
chains

⎼ Actors are reluctant to share data
⎼ No direct benefits are seen

Technical

⎼ Complex and new technology
⎼ Hardly any best practices
⎼ Needs to be implemented in line

with existing IT

External
⎼ Being forced to online meetings

prolongs the process

Other Barriers
⎼ Possibility of human errors
⎼ Trust issues with first-tier

suppliers
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