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Preface

This book contains selected papers presented at the 12th Logistics Management
Conference (LM 2021) of the Scientific Commission for Logistics (WK-LOG)
of the German Academic Association for Business Research (VHB). The LM
conference series is continued every two years at different places in Germany. It
aims at providing a forum for scientists and practitioners in business administration,
IT, and industrial engineering to present and discuss new ideas and technical
developments related to the management of logistic systems. LM 2021 was hosted
by the Technische Universität Dresden. It took place from September 15–16, 2021,
in a digital format. Previous LM conferences were held in Bremen (1999, 2013),
Aachen (2001), Braunschweig (2003, 2015), Dresden (2005), Regensburg (2007),
Hamburg (2009), Bamberg (2011), Stuttgart (2017), and Halle (Saale) (2019).
The LM 2021 conference concerns itself with the current general dynamics and
challenges in the field of logistics management. To give an insight into the field,
LM 2021 has invited two keynote speakers to examine ongoing developments:

• Christian Bierwirth (Martin Luther University Halle-Wittenberg)
• Alexander Hohlfeld (Deutsche Bahn AG)

In addition to the keynote talks, around 34 presentations were given at LM 2021
out of which 15 are printed as full papers in this proceedings. These papers were
selected through a careful review process. Each paper was reviewed by at least two
reviewers and went through up to two rounds of revisions. The accepted full papers
address a broad spectrum of facets of logistic systems with regard to digitalization,
sustainability, and optimization. They divide this book into five parts, considering
the digitalization of supply chains, supply management, supply chain operations,
sustainable supply chain management, and supply chain risk management. We hope
that it provides insights into the state of the art of logistics management and, thus,
stimulates future research.

Udo BuscherSeptember 2021
Rainer Lasch

Jörn Schönberger
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The Roles of Small and Medium-Sized
Enterprises in Blockchain Adoption

Sven Reimers1(B), Thomas Twenhöven2, Moritz Petersen2, and Wolfgang Kersten1

1 Institute of Business Logistics and General Management, Hamburg University of Technology
(TUHH), Hamburg, Germany

{Sven.Reimers,logu}@tuhh.de
2 Department of Operations and Technology, Kühne Logistics University (KLU),

Hamburg, Germany
{Thomas.Twenhoeven,Moritz.Petersen}@the-klu.org

Abstract. Despite the growingmaturity ofBlockchain technology and an increas-
ing deployment in Supply Chain and Logistics, many small and medium-sized
enterprises (SMEs) struggle to use the technology for their benefit. Based on
27 expert interviews, we develop a typology of Blockchain adoption approaches
for SMEs and discuss their implications. We find that SMEs can approach the
technology as either an Observer, a Cooperator, or a Service Provider based on
their technological expertise, the expected relevance of the technology for their
organization, and their market power.

1 Introduction

Researchers and practitioners alike have high hopes ofBlockchain technology improving
Supply Chain and Logistics (SC&L) activities. Tracing goods, identifying counterfeit
products, and coordinating with business partners are key activities for any modern
business, but developing the necessary information infrastructure remains a challenge.
Blockchain technology promises to fix this gap in trans-organizational communication
through its distributed nature. Some large companies have already begun to deploy
Blockchain technology for their operations, with what appears to be some success
(Sternberg et al. 2020). While their small and medium-sized enterprise competitors
have attempted to do the same, they do not have the same amount of know-how and
financial resources. This is in stark contrast to those SMEs’ need for information shar-
ing infrastructure – their value-add relies on external relationships. Large corporations
can more easily generate value-add in-house, and Blockchain may provide advantages
for SMEs in this regard. However, there is little insight into potential adoption strategies
for SMEs (Wong et al. 2020) and the organizational structure of Blockchain projects in
general (Lumineau et al. 2020).

We approach this research gap with a qualitative, exploratory research design and
Grounded Theory (GT).We conduct semi-structured interviews with 27 industry profes-
sionals and derive a typology of approaches. In particular, we gain insight into the criteria
relevant for selecting an approach and the trade-offs associated with each approach. In
doing so, we answer the following research questions:

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2021
U. Buscher et al. (Eds.): Logistics Management, LNLO, pp. 3–14, 2021.
https://doi.org/10.1007/978-3-030-85843-8_1
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1. What approaches can SMEs take to adopt Blockchain in SC&L?
2. What considerations should drive the decision for a particular approach?

The rest of this paper is structured as follows. First, we describe the state of the art
and existing research in the field. Then, we present our methodology, followed by the
results of our study and a discussion of the implications. Finally, we consider limitations
and conclude our findings.

2 Literature Review

At its core, a Blockchain is a distributed database. A full copy of this database is stored on
multiple independent but synchronized computer systems. This enables every network
participant to instantly access any information needed from their copy of the database
(Nakamoto 2008; Swan 2015; Pilkington 2016). Previous research has identified use
cases in food traceability (Caro et al. 2018), pharmaceutical products (Bocek et al. 2017),
and the digital bill of lading (Dobrovnik et al. 2018), among others. The technology has
also made inroads into practice. For example, retail behemoth Walmart uses Blockchain
to track the origin of food (Corkery and Popper 2018), and shipping giant Maersk has
matured initial experiments for freight documentation into a powerful platform that is
now part of their regular operations (Carlsen 2021).

Research has also shown that Blockchain technology extends beyond the above-
mentioned SC&L use cases. The technical characteristics of Blockchain have profound
business implications for the deployment of Blockchain technology. A trusted operator
of the shared technical system is no longer required; instead, participants can inter-
act directly. The consequences of this change are far-reaching and poorly understood;
recent research even claims that the organizational implications outweigh the technical
ones (Lacity and Van Hoek 2021). Lumineau et al. (2020) highlight the importance of
understanding the characteristics of participants (the “who”), their circumstances (the
“where”), and their motivations (the “why”). Sternberg et al. (2020) focus on the impor-
tance of corporate cultures, the interdependencies between different participants, and the
tensions between them. Furthermore, they emphasize the tension between competition
and collaboration in information sharing. In their analysis of some early Blockchain
projects, Beck et al. (2018) emphasize the importance of power relationships (“deci-
sion rights” and “accountability”) and the objectives driving the behavior of the actors
(“incentives”).

Such power relationships play an important role in Blockchain adoption for SMEs
(Corkery and Popper 2018), and research by Ilbitz andDurst (2019) is hence of particular
relevance for those enterprises. The authors discuss the appropriateness of Blockchain
and outline major challenges to SMEs, such as network effects, internalization, and
financing. Furthermore, a study ofMalaysian SMEs’ adoption of Blockchain has demon-
strated that competitive pressure, market dynamics, and technology complexity are sig-
nificant factors for SMEs (Wong et al. 2020). However, a study by Wang et al. (2019)
revealed contradictory viewpoints in this regard: larger corporations can adopt the tech-
nology more easily due to their resources, but only smaller organizations have the agility
needed to implement revolutionary technology. In addition, Clohessy and Acton (2019)
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find that larger companies are more likely to adopt Blockchain technology than small
companies. They outline that top management support and organizational readiness are
particularly relevant inBlockchain adoption. Existing research also highlights these areas
of interest, but it does not provide in-depth insights, and most importantly, it emphasizes
problems instead of paths towards a solution. Practitioners appear to face a similar prob-
lem and focus their efforts on the operational consequences of Blockchain rather than
the strategic implications (Nandi et al. 2020), highlighting the need for research into this
space. In fact, previous research has explicitly shown that choosing the right approach
to Blockchain is crucial, particularly for SMEs (Ilbiz and Durst 2019). We contribute to
this research area by providing insight into the different approaches towards Blockchain
adoption, particularly their requirements and implications.

3 Methodology

We used an exploratory, qualitative GT approach to determine how SMEs position them-
selves in dealing with this emerging technology. We chose the GT approach because it
“seeks not only to uncover relevant conditions but also to determine how the actors
respond to changing conditions and to the consequences of their actions” (Corbin and
Strauss 1990).

To answer our research questions, we interviewed experts from the SC&L field. Our
sample included logistics companies, manufacturers, software vendors, and Blockchain
service providers. All companies involved in the study were asked the same questions
from a three-part, semi-structured interview guide. First, we asked themwhat experience
the companies have with Blockchain technology and what potential they see. Then, we
discussed opportunities and barriers with the respondents, after which we focused on
regulations and incentives for companies on the topic of Blockchain.

We conducted 27 in-depth, semi-structured interviews from March 2020 to January
2021, each ofwhich lasted between 32 and 111min (mean: 58min,median: 54min). Due
to the current pandemic, all interviews were carried out via web calls or phone, in either
German (22/27) or English (5/27). We began with an initial sample of six interviews to
test the interview guide and gain insight into the topic. Based on this knowledge, we
slightly adapted the interview guide to include emerging themes and topics. We returned
to the interviewees in four cases to clarify statements, discuss new topics, and discuss
the current results.

This study employs theoretical sampling (Corbin and Strauss 1990). The interviewed
companies represent a cross-section of industries with different levels of experience.
Notably, we aim to identify adoption strategies in an industry that has not yet adopted
the technology on a larger scale. We conducted interviews with interested industry par-
ticipants and participants who have either already adopted the technology or attempted
to adopt it. The limited knowledge of our interviewees is ultimately a limitation for our
study. Furthermore, the considered SMEs are not only operational companies looking
to deploy Blockchain technology for their SC&L activities but also technical companies
currently providing computer software to aid operational companies in their logistics
and/or supply chain work. We found that IT solutions providers working with SMEs
have a strong understanding of the challenges facing these SMEs. Table 1 contains an
overview of the sample, including the level of Blockchain experience.
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Table 1. Sample of interview respondents

# Company Respondent Position Employees Experience

1 IT Solutions Provider Founder & CEO 11–100 Very High

2 University Researcher >1,000 Very High

3 IT Solutions Provider Engineer 101–1,000 High

4 Logistics Service Provider CEO 11–100 Medium

5 IT Solutions Provider Director of Development 101–1,000 High

6 Logistics Consulting 

Company

Founder & CEO 1–10 Very High

7 Blockchain Consulting 

Company

Founder & CEO 1–10 Very High

8 Blockchain Consulting 

Company

Consultant 1–10 Very High

9 Logistics Association Project Leader 11–100 Medium

10 Waste Management CEO >1,000 Medium

11 IT Solutions Provider Engineer >1,000 Very High

12 IT Solutions Provider Business Developer &

Client Manager

11–100 Very High

13 Manufacturer Head of Blockchain >1,000 Very High

14 Blockchain Consulting Com-

pany

Consultant 11–100 Very High

15 Manufacturer Head of IT >1,000 Medium

16 Logistics Service Provider Senior Developer >1,000 High

17 IT Solutions Provider Founder & CEO 1–10 Very High

18 IT Solutions Provider Founder & CEO 11–100 Very High

19 IT Solutions Provider Head Manager 11–100 Medium

20 Logistics Service Provider Head Manager 11–100 Medium

21 IT Solutions Provider Customer Success Manager 11–100 Very High

22 Logistics Authority Head Manager >1,000 Medium

23 IT Solutions Provider Client Manager 11–100 Very High

24 Logistics Association CEO 11–100 High

25 IT Solutions Provider Client Manager 11–100 Very High

26 University Researcher >1,000 Very High

27 Manufacturer Head of SCM >1,000 Medium

We conducted data analysis in parallel with data collection using the iterative proce-
dure developed by Corbin and Strauss (1990). Following the coding scheme of Charmaz
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(2014), we analyzed the interviews with an open coding scheme in the initial coding
phase. This resulted in 620 codes, each summarizing a fragment of the text. We reviewed
the initial codes, generalized them, and merged frequently used codes into higher-level
concepts during the subsequent focused coding. Finally, we used axial coding to create
themes, marking larger common ideas related to the concepts (Charmaz 2014).

4 Findings

In our analysis, we were able to identify three ideal-typical roles that SMEs can assume
to leverage Blockchain technology: Observers, who join existing solutions; Cooperators,
who team up with other interested parties; and Service Providers, who offer Blockchain-
based services to other companies. The typology is summarized in Fig. 1 and explained
in more detail thereafter. In support of our typology, the participants’ statements are
incorporated into the text (Pratt 2009). Most importantly, the roles discussed here are
not mutually exclusive – an SMEmay choose to adopt one role in one Blockchain project
and another role in another project.

Fig. 1. Approaches to blockchain adoption for SMEs

4.1 Observers

Observers are operational companies thatmerely observe the development ofBlockchain
solutions and adopt finished systems.Once they discover a solution relevant to them, they
deploy it as a turnkey solution. Other market participants provide “the entire onboarding
process and connections to existing systems” for them (#12 IT Solutions Provider). In
practice, these SMEs report being approached by “countless external providers, who
naturally see the potential and propose something to [them]” (#10 Waste Management).

Two types of motivation can drive Observers. They can be motivated either intrin-
sically, by a desire to save costs or improve their product, or externally, by factors such
as regulations or pressure from business partners. Organizations with substantial market
power can force less powerful business partners into specific projects with an “if you
don’t do it, you are out” (#16 Logistics Service Provider) approach.

Due to their reliance on other developers, Observers do not require any technical
competencies. They do not even need to “know what Blockchain really means” (#20
Logistics Service Provider). Their approach requires no market power and only limited
internal resources; they simply “plug in somewhere” (#16 Logistics Service Provider).
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4.2 Cooperators

Cooperators teamupwith other interestedparties to jointly developBlockchain solutions.
One interviewee highlighted that companies “lose money together” in shared inefficient
processes and that a “community spirit” is needed to resolve these issues (#6 Logistics
Solutions Provider). Cooperators apply this community spirit and seek to actively shape
developments in their industry. They design and create the solution together and shape
it according to their ideas, and they can be both operational and technical companies.

Cooperators are motivated by their expectation of Blockchain adding value to their
companies and their supply chains by saving costs or by improving their offerings (#4
Logistics Service Provider). Their goal can be to develop a productive system or evaluate
the technology in general.

However, Blockchain may also provide some less-tangible benefits. For example,
otherwise invisible SMEs may be able to gain “prestige” and “higher visibility” through
technology development (#18 IT Solutions Provider). This can also work in reverse
when a respected industry player pushes a project, “and through its pull, it brings part
of the industry onto such a network” (#11 IT Solutions Provider). Well-known solutions
can force others to follow or risk being left behind. The idea here is to use Blockchain
adoption to signal innovativeness or other company characteristics and to use it directly
due to its intrinsic properties.

Becoming a Cooperator has some preconditions. For instance, Cooperators’ active
involvement requires them to deploy resources, and together with their co-cooperators,
they create a shared pool of resources. The type and extent of contribution can vary
across the differentCooperators; however, their shared project ultimately needs to receive
sufficient resources. From the perspective of an individual Cooperator, access to reliable
project partners is itself a resource. In smaller projects, all participants “have some sort
of connection to everyone else” (#18 IT Solutions Provider), and more often than not,
reliable partners looking to work on the same problem are competitors of the Cooperator.
Hence, Cooperators must be willing to work with these competitors and “make certain
data available” (#16 Logistics Service Provider), although many hesitate to do so.

4.3 Service Providers

Service providers are true believers in Blockchain solutions and build their business
model around the technology. Service Providers provide various services going all the
way to a “carefree package” for customers (#12 IT Solutions Provider). They essentially
offer to connect their customers to the Blockchain in a Software-as-a-Service model,
providing services based on the Blockchain or selling the Blockchain itself as an infras-
tructure for others to build on. They also serve as evangelists that spread information
about the technology to as-yet uninvolved companies through their business development
– technical companies usually take on this role.

Service Providers enable other companies to benefit from Blockchain technology
but do not use the potential themselves. Therefore, they are driven by their customers’
motivations –when their customers seek to resolve regulatory problems, so do theService
Providers, for example. Considered in isolation, Service Providers themselves represent
a new business model enabled by Blockchain technology.
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As for prerequisites, Service Providers need a large technical competency because
they offer a digital product. Conversely, they also require other companies that do not
possess technical competencies themselves and outsource them to the Service Providers
instead. In this regard, Service Providers need not hold substantial market power; their
business model revolves around providing an attractive service at a competitive price.
One Service Provider insinuated that it has “a special technology […] at a very good
price” (#21 IT Solutions Provider). To develop these technologies, the Service Provider
may need to invest its own resources.

5 Discussion

The first research question concerns the possible approaches to Blockchain technology
adoption that SMEs can take. We tackled the second research question by discussing
the factors involved in such a decision. The following sections discuss the implications
of our findings. Crucially, however, our research only covers SMEs, although SMEs
frequently interact with large corporations in the openmarket. Therefore, we also discuss
the interaction between large corporations and the adoption approaches.

Interestingly, SMEs do not need to select only one approach. In one project, they
may become an Observer to foster a better connection to a big company, whereas in
another project, they may cooperate to ensure that solutions align with the company’s
requirements. This can also provide them with options if either approach turns out to be
inappropriate, as maintaining flexibility may be crucial when exploring new technology.

The approaches presented here quintessentially differ in the depth of involvement
with the technology. Interested companies need to weigh not only the advantages and
disadvantages but also the feasibility for their organization.Anorganization can only take
on a certain role if the required competencies are available. Perhaps the most important
criterion in this regard is the presence (or lack) of digital capabilities. A company already
providing IT solutions to other companies is likelywell equipped to become aBlockchain
Service Provider or work on Blockchain solutions cooperatively. However, it would
struggle to become an Observer – even if it chooses to connect its software product
to an existing system, its role ultimately lies in connecting its (preexisting) customers
to the Blockchain system. Conversely, an operational company can choose between
acting as an Observer and a Cooperator. It may also decide to act as a Service Provider
but likely lacks the experience and organizational setup to provide software services
to other companies. Operational companies looking to deploy Blockchain technology
and technical companies looking to make the Blockchain itself part of their business
model have different options. Figure 2 provides an overview of the proposed decision
opportunities.

As suggested in our literature review, some companies adopt Blockchain systems
due to a requirement from a more powerful business partner (Hald and Kinra 2019; Ilbiz
andDurst 2019). This forces them into the Observer role because that partner has already
determined the characteristics of the system. Although they may still benefit from using
the system, the system’s creator has ultimately extended its supply chain power into the
digital realm, which can have negative consequences for SMEs in the long term.

On the plus side, Observers face a complete system to which they merely need to
connect – the organization responsible for onboarding connects the Observer’s legacy
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infrastructure to the new system. From the more powerful partner’s perspective, it is
beneficial to offer a turnkey solution to lower the hurdle for adoption. Furthermore, we
imagine the Observer as a company – or part of a larger company – that excels within
its particular niche of the supply chain. Observers succeed precisely because they focus
on their strengths rather than dabbling in their weaknesses, and they extend this same
approach to Blockchain adoption.

Fig. 2. Options for operational and technical SMEs

Companies that want to shape the industry may find themselves as members of a
consortium rather than being Observers. Indeed, this goes back to the motivation for
adopting Blockchain technology. Interviewees from all company types are motivated by
ideas on solving large logistics or supply chain problems, such as the paper-based Bill
of Lading, with Blockchain technology. This precludes being an Observer - observing is
only an option when a project with the desired characteristics already exists and is open
for new members. If no such project exists, then a new project needs to be developed.

However, one party cannot build such a system alone, because Blockchain serves to
connect multiple partners. To build such a consortium, Cooperators must find partners
looking to solve the same problems. This problem can result from a shared process, a
similar product, or a regulation affecting multiple companies. Finding the right partners
and distributing power across them is crucial for any new business venture, particularly
for Blockchain projects, since the much sought-after network effects always require
many participants (Ilbiz and Durst 2019; Wang et al. 2019; Koens et al. 2020).

Furthermore, some technical companies act as Service Providers, selling their solu-
tions (or simply their efforts) directly. This allows them to focus on technological aspects,
while their customers can focus on business aspects. For a technical company, the key
difference between cooperation and service provision lies in the relationshipwith its part-
ner. Service Providers offer a paid service, while Cooperators invest their own resources
in shared projects in return for ownership and a seat at the table.
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6 Implications

Choosing a particular role (or being forced into one) has implications for companies.
It determines the learnings, the risk, the organizational complexity, and the design
opportunities afforded by project participation. Figure 3 displays an overview of these
implications.

Fig. 3. Implications of choosing any particular approach

Since the different approaches cause companies to take on different responsibilities
within a project, theywill generate different learnings, and although the learningsmaynot
be relevant within that particular project, they can be applied in later projects. Observers
learn the least from a project, as they merely connect to the system once it is finished,
while Cooperators learn about both the technical and the organizational sides of setting
up the project. Crucially, the distribution of work among the different Cooperators may
enable an inexperienced Cooperator to gradually deepen its involvement in the project
as it learns more about the inner workings of the new technology. Meanwhile, Service
Providers will learn mostly about the technical implementation, which is arguably the
most important aspect for a technology company. Depending on the extent of their
work, Cooperators and particularly Service Providers may go beyond learnings to build
a capability for future projects.

The depth of involvement also dictates the risk that individual companies take in the
project. An Observer takes on little risk, while a Cooperator risks a negative return on
its resource investments. Service Providers also take on a smaller risk – they get paid for
their services and usually receive payment even if the project does not succeed. However,
their business model ultimately hinges on the success of Blockchain technology; if the
technology fails, then they are forced to abandon their business model.

From an organizational perspective, Observers again face little complexity – they
merely connect to the systemonce it is completed,which requires them to build some type
of business relationship. In contrast, Cooperators face the full organizational complexity
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of Blockchain technology. Managers must coordinate all project partners’ competing
interests, distribute rights and responsibilities, and ensure that these considerations do
not hamper technological development. This is of particular importance for managers
because, unlike other technology developments, Blockchain adoption cannot be dele-
gated to the IT department. Therefore, management attention is an important success
factor for Blockchain projects.

These organizational problems worsen as project size increases due to the number of
participants (Filippi and Loveluck 2016; Casino et al. 2019;Wang et al. 2019). However,
Blockchain technology is said to require many participants to succeed and generate so-
called network effects. Thus, Cooperators must create a scalable organizational setup
for their system and determine how others can access their system. A Service Provider
is also hired by Cooperators and enjoys a rather simple organizational situation (even
though the Cooperators may draw on their experience in this regard as well).

In this vein, it is important to consider the design opportunities available when
choosing any particular approach. When Observers adopt preexisting systems, their
ability to influence the system structure is limited. Observers end up conforming to the
newly set standard, which may or may not fit their needs; even if they cover their use
case, theymay have preferred to approach it differently tomatch their existing processes.
Cooperators can influence the project in this regard. Service Providers also have some
leeway, depending on the specific project.

By using this leeway, technical companies – as either Cooperators or Service
Providers – may end up in a situation where they hold substantial technical power
over the Blockchain system. Such influence defeats the purpose of using Blockchain.
Technical companies need to limit their role, despite the obvious appeal of such a strong
position.

The key question in terms of design opportunities is whether they are needed for a
particular company in a particular project. A small industry participant has no interest in
or resources for setting industry standards. Consequently, it has no need for design oppor-
tunities in a Blockchain project. An ambitiousmid-sized companymay need such oppor-
tunities. Managers should also consider the implications of running multiple projects
at the same time or in succession. They may need to prioritize projects based on their
importance for their business model and their probability of success. Moreover, a group
of SMEs looking to shape the world around them may invest substantial resources in
developing an operational Blockchain system, only to be forced into another system
developed by a more powerful peer. If they lack meaningful power in the target market,
they may end up as Observers regardless of their decisions.

7 Conclusion and Further Research

In conclusion, our research suggests that SMEs should consider the implications of fol-
lowing any particular path towards Blockchain adoption. From an academic perspective,
we find that the situation for SMEs is complex, and further research is required. Previous
conceptual work on the topic falls short when it comes to SMEs’ decision-making. As
for managerial insights, we find that managers should consider several factors before
working with Blockchain technology. In particular, they should assess the extent of their
resources, technical capabilities, and position in the supply chain.
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Following the GT approach, we cannot claim the generalizability of our results.
Future research could attempt similar studies in different settings to determine the validity
of our findings there. Furthermore, in a field as young as Blockchain, the approaches
are still prone to change. Therefore, in the future, we seek to investigate which company
incentives lead to which approach, particularly regarding the supply chain position.
In addition, examining the decision criteria employed by companies to decide on an
approach to Blockchain would also be valuable.
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Abstract. Digital technologies are omnipresent in today’s world, and success-
ful involvement in the digital transformation becomes increasingly important to
companies from all industries. To stay competitive, companies are pressured to
rethink their supply chains and adapt. However, the topic of digital supply chains
is still in its infancy. The goal of this paper is to shed light on the preconditions
and challenges regarding the transformation. The different areas of the digital
transformation of supply chains, namely the strategic, organizational, process &
method, and technological area are considered. Preconditions and challenges for
companies in the digital transformation of their supply chain are extracted from
literature with literature reviews and followingly discussed with practitioners to
capture the magnitude of the transformation process. Furthermore, differences
between academia and practice are revealed, and future research opportunities are
identified.

1 Introduction

The digital transformation of supply chains is driven by the latest advancements in tech-
nology. Companies are being pressured to adopt emerging technologies to stay competi-
tive and to satisfy changing customer requirements (Agrawal andNarain 2018; Bienhaus
and Haddud 2018). Furthermore, companies start such transformation initiatives to cap-
italize on the gains of improving supply chain processes, increasing their resilience, and
minimizing risks, while also improving operational excellence and revenues (Ivanov
et al. 2019). Besides the evolutionary side, new business models emerge, partly having
the potential to disrupt.

While digital transformation is expected to mitigate some challenges in today’s sup-
ply chain management and bring many benefits and opportunities, it can also be seen
as a complex and expensive undertaking (Agrawal and Narain 2018). Supply chains
involve several functional areas on an intra-organizational level as well as interconnec-
tions between multiple actors on an inter-organizational level, thus requiring several
preconditions to be successfully transformed. However, the adoption of digital tech-
nologies in supply chains is not very advanced, hinting towards obstacles and barriers
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associated with this process (Lammers et al. 2019). Supply chain disruptions are identi-
fied as one of the most severe risks and challenges in 2020 (Greg Dobie et al. 2020). The
resulting loss of revenue can threaten the existence of both small and large enterprises.

The understanding of what a Digital Supply Chain (DSC) is (Büyüközkan and Göçer
2018) is still in its beginning, and the potentials are not fully explored. Previous research
mainly focuses on single technological drivers or concepts like Industry 4.0, underlining
the complexity and novelty of this topic. The process of digital transformation involves
various challenges and must be well thought out. It can be daunting not having an
overview and understanding of possible challenges and not knowing which ones to focus
on. This can hinder the process of innovation and prevent companies from accessing the
promising opportunities of new technologies.

Thus, in this paper, all areas of the digital transformation are considered: from strate-
gic to organizational, process & method, and technological aspects. This paper aims to
identify the preconditions and challenges for companies in the digital transformation of
their supply chain. Literature but also practitioner’s knowledge is taken into account to
shed light on the following research questions discussed:

• Which preconditions and challenges regarding the digital transformation of supply
chains can be identified in the literature regarding the different transformation areas?

• What are the insights from discussing the literature results with practitioners and their
experience in expert interviews?

The remainder of this paper is structured as follows: In Sect. 2, the theoretical back-
ground is briefly outlined. In Sect. 3, the methodologies of literature reviews and semi-
structured interviews are introduced. Afterward, the results of the conducted literature
reviews are presented (Sect. 4) and reviewed with experts (Sect. 5). Finally, the findings
are discussed in Sect. 6, and the paper concludes with a brief recap, limitations, and
further research opportunities in Sect. 7.

2 Theoretical Background

To create a common understanding of terms and concepts referred to, the theoretical
background of this paper is outlined in the following.

While digitization can be defined as “the action to convert analog information into
digital information” (Verhoef et al. 2019: 3), digitalization is about changing tasks and
processes in an organization, as its objective is a “reconfiguration of assets to develop
new business models” (Verhoef et al. 2019: 3 f.). Digital transformation goes one step
further. It can be seen as a process that is “concerned with the adoption and use of
emerging technologies” (Morakanyane et al., 2017: 438). The emphasis is on major
changes to an entire enterprise (Cichosz et al. 2020).

In this paper, Büyüközkan and Göçers’ frequently cited definition of a DSC is used
(Büyüközkan and Göçer 2018). They define the concept as an agile, customer-driven,
productive way to develop different forms of returns for companies and to leverage
efficient approacheswith emerging technologies. Researchers emphasize that it is crucial
to take advantage of new technologies in traditional supply chains to be successful in
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global markets (Agrawal et al. 2019). Frequently mentioned emerging technologies
of a DSC in academia are, for example, big data analytics, internet of things, cloud
computing, cyber-physical systems, or blockchain (Ivanov et al. 2019; Queiroz et al.
2019). However, besides the technological aspects, also other areas have to be taken into
account to succeed in the digital transformation (Kane et al. 2015; Kohnke 2017).

Different authors have proposed structures and frameworks ofDSC to obtain a deeper
understanding of the concept (Büyüközkan andGöçer 2018; Farahani et al. 2017).Merg-
ing the frameworks and further digital transformation-related literature, we suggest a
working definition of a DSC framework with four areas, namely Strategic Digitaliza-
tion, Organizational Digitalization, Process &Method Digitalization, and Technological
Digitalization. The areas are briefly presented and examined separately to create a struc-
tured overview. However, strong interrelations exist. The area of business digitalization
has an external steering focus and covers aspects like strategy, governance, value offer-
ing, and more. The second area, organizational digitalization, focuses on the internal
digitalization of the supply chain, covering aspects like employees, culture, and struc-
ture. The third area, process & methods, concerns itself with aspects such as the digital
transformation of business and supply chain-related processes, as well as supply chain
collaboration and networks. Lastly, the area of technological digitalization relates to
the implementation of smart objects and autonomous systems, the integration of data,
information-related processes, technological infrastructure, architecture, as well as IT
security aspects. The two areas, strategic and organizational digitalization, are closely
related, and therefore the identified preconditions stem from the same streamof literature.
The same holds for the technological and process & method areas examined regarding
the challenges (cf. Fig. 1). We acknowledge that it would be beneficial to include all
four areas in the review with preconditions and challenges, which we propose for future
research.

Fig. 1. Transformation areas in digital supply chains and scope of study

3 Methodology

In this chapter, the methodologies are briefly described to ensure a transparent and clear
structure of the research process. First, for information gathering, literature reviews are
conducted to answer the first research question. Second, the results from the literature
are discussed with and evaluated by experts from the industry. The methodology of
semi-structured expert interviews is applied to answer the second research question.
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3.1 Structured Literature Review

The applied procedure for the literature reviews is based on the recommendations of
Vom Brocke et al. (2009). A conceptualization of the topic follows the definition of the
scope of the search. This conceptualization corresponds to the four areas of the digi-
tal transformation presented in Sect. 2. The database Scopus is selected as the primary
source, as it is one of themost extensive abstracts and citation databases of peer-reviewed
literature regarding science and technology, and widely used. Further, Web of Science
is used (in snowball search) as a complementary source due to its reputation and multi-
disciplinary nature. The literature reviews took place in November and December 2020.
The applied search strings are separated and results are depicted in Table 1. Firstly, for
the preconditions, a more general string is applied to identify relevant literature because
literature pointing out only preconditions is absent. “TITLE-ABS-KEY (supply AND
chain AND digital AND transformation)”. Secondly, regarding the challenges, the fol-
lowing term is applied: “TITLE-ABS-KEY (“Supply Chain” AND (“Digital Transfor-
mation” OR “Digitization”) AND (“Challenges OR “Challenging” OR “Obstacles” OR
“Barriers”))”.

The inclusion and exclusion criteria in the first review (“preconditions”) focus on
papers naming or discussing preconditions for a successful digital transformation of
supply chains in the strategical and organizational area. The criteria of exclusion are
mainly related to the content,many papers only focus on technological aspects.Anumber
of case studies specifically describe the implementation of single technologies, failing
to analyze the required preconditions. In the second review (“challenges”), the focus lies
on barriers of digital transformation in supply chains related to the areas of processes
& methods, and technology. Insights regarding digital supply chains, industry 4.0, as
well as digitization and digitalization in supply chains are considered as relevant. A high
number of papers is rejected because they focus on challenges regarding other areas (e.g.,
organizational digitalization, only considered in the preconditions part) or on obstacles
of companies in general and not especially on the supply chain. Papers and identified
preconditions/challenges are sorted following a concept-centric approachbyWebster and
Watson (2002). Therefore, if a precondition or challenge is identified, the corresponding
authors are added. The data analysis is an iterative process during which the concepts
are re-structured and re-grouped. In this paper, we only present the final allocation
of preconditions and challenges. Collection of identified preconditions/challenges and
analysis, are presented next.

3.2 Semi-Structured Interviews

To gain further insights into the preconditions and challenges and their perceived impor-
tance in industry, the results of the literature analysis are discussed in semi-structured
interviews with industry experts. This type of interview is chosen as it promotes a socia-
ble and informal atmosphere, in which the interviewee can be more forthright and rather
respond in his or her own words (Longhurst 2003). The interviewees should be able
to raise their own ideas, thoughts, and questions in an open conversation, while cer-
tain guiding questions and issues must still be addressed for the objective of the work.


