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Abstract: Background: Companies partaking in modern supply chains face numerous intra- and
interorganizational barriers when it comes to the adoption of blockchain technology. Empirical
research is missing that explores how exactly these barriers can be overcome. In this paper we first
explore barriers that organizations need to overcome to successfully deploy blockchain technology.
In a second step, we investigate the agrifood industry and highlight differences in coping strategies
between incumbents and start-ups. Methods: We conducted a quantitative survey with 190 supply
chain experts to identify barriers and an in-depth qualitative study that included 10 expert interviews
to better understand the current situation in agrifood organizations. Results: The findings from the
quantitative study show that the most relevant organizational barrier to blockchain adoption is the
widespread lack of understanding of the technology and its potential benefits. In the qualitative
study we illustrate how various intra- and interorganizational barriers can be overcome and how the
resources and capabilities differ between incumbents and start-ups. Conclusions: Our results provide
academics with a better understanding of the relevant barriers and bridges of blockchain adoption.
Practitioners benefit from learning about the resources and capabilities they need to deploy in order
to benefit from blockchain technology.

Keywords: blockchain; distributed ledger technology; agrifood supply chain; adoption barriers;
survey; qualitative interviews

1. Introduction

The effective and efficient management of supply chains is a complex task whose
practical implications extend far beyond increasing companies’ operational performance or
profits. Many of these problems are exacerbated in the supply chains of perishable goods.
Opacity and inefficiencies in supply chains cause the perishing of agrifood products, which
leads to substantial waste and even poisoning with potentially fatal consequences for
human beings. Recent examples of the latter are listed on dedicated websites that showcase
outbreaks of E.coli, salmonella, or campylobacter, all of which were caused by tainted
food [1]. Additionally, the amount of global waste in this area is alarming. Thyberg et al. [2]
estimate the aggregate disposal rate in the United States to be 0.28 kg per person per day,
equating to 32.2 million tons of waste disposed of annually. Caldeira et al. [3] present a
detailed analysis for the European Union and assess the yearly total amount of food waste
to lie between 119 and 145 million tons. Not surprisingly, the highest proportions of waste
were found among highly perishable food categories such as fruit (41%), vegetables (46%),
and fish (51%).

Academia and industry generally agree that blockchain technologies are an appro-
priate means to tackle some of the most pressing problems in this sector. Rana et al. [4],
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for example, review existing academic literature and conclude that the application of
blockchain can help to create sustainable agrifood supply chains. However, they also point
out that new challenges related to scalability, privacy, cost, and connectivity might arise
(see also Lacity [5], van Hoek et al. [6], Rejeb et al. [7], Treiblmaier [8]). In their systematic
review, Rocha et al. [9] identify several supporting activities that blockchain can offer to
agribusiness, including financial and environmental management. Rogerson and Parry [10]
identify visibility as the main adoption driver in agrifood supply chains but also mention
unsolved challenges such as lack of trust, human error, fraud, and governance issues.
Based on a comprehensive literature review, Rejeb et al. [11] identify various technical,
organizational, and regulatory challenges in blockchain adoption. Finally, Garaus and
Treiblmaier [12] take a consumer perspective and illustrate that the traceability of agrifood
products helps to strengthen consumers’ trust in retailers, which is especially pronounced
for unfamiliar retailers.

Given the huge potential of the technology, it is not surprising that the industry has
already launched several high-profile projects. The IBM Food Trust, for example, was
established with the mission to improve transparency, standardization, and efficiency
throughout the food supply chain [13,14]. Another example is OriginTrail, a supply chain
ecosystem that fosters universal data exchange, connecting legacy IT systems and en-
abling data integrity. OriginTrail established several technology and research partnerships,
with companies such as SAP, BSI, GS1, and Oracle, among others [15]. In addition to
well-established players, numerous start-ups such as AgriChain, AgriDigital, Agrolot,
Greenfence, Mixing Bowl, Ripe, and TE-FOOD harness blockchain technologies to im-
prove communication between supply chain participants, enable the traceability of the
produce, establish cryptomarkets of agricultural crops, and facilitate the trading of agrifood
products [16,17].

As opposed to their incumbent counterparts, newly founded ventures usually do
not face the same intra- and interorganizational barriers and also differ in their practices,
methods, and knowledge management tools [18]. They cannot capitalize on their existing
network of ecosystem partners such as incumbents do and often have limited access to
resources [19]. Previous research has also postulated that a firm’s prior experience is a key
driver for success and found, for example, that incumbents establish significantly more
productive new plants than entrepreneurial entrants [20].

Given these differences between established and new enterprises, it makes sense for
any study investigating the potentials of blockchain technology adoption to scrutinize the
differing importance of intra- and interorganizational barriers depending on industry ex-
perience and the resources that companies have at their disposal to overcome such barriers.
In the context of this study, a company’s resources include all assets, processes, capabilities,
attributes, information, and knowledge that enable it to improve its effectiveness and
efficiency [21,22].

Given the amount of literature that has recently been published on the potentials
of blockchain in supply chain management [23,24], a solid understanding regarding the
importance of adoption barriers exists. However, there still is a dearth of research that
explores how to overcome those barriers. Additionally, prior research has not quantified the
potential positive impact of blockchain, nor has research identified the resources companies
could deploy to capitalize on the use of blockchain. To fill these research gaps, we therefore
strive to answer the following four research questions:

Research Question 1 (RQ1a): Which intra- and interorganizational barriers to
organizational blockchain adoption identified in prior literature are still rated
most important by supply chain professionals?

(RQ1b): To what degree are organizations ready to adopt blockchain technologies?

Research Question 2 (RQ2): What resources can organizations in the agrifood indus-
try use to overcome intra- and interorganizational barriers to blockchain adoption?



Logistics 2021, 5, 87

30f20

Research Question 3 (RQ3): What are the differences in coping strategies between
incumbents and start-ups in the agrifood industry?

RQ1la and RQ1b are assessed using quantitative data from a survey with 190 respon-
dents conducted at a major supply chain conference. RQ2 and RQ3 are answered with the
help of case studies, including qualitative interviews, panel discussions, and the analysis
of publicly available material from blockchain incumbents and start-ups.

This paper is organized as follows: We summarize the literature on barriers to effective
blockchain adoption in SCM in the literature review section. We describe the quantitative
and qualitative research approaches in the methodology section. We then discuss the results
of our quantitative and qualitative analyses, and focus on identifying the key resources that
can support organizational blockchain adoption. We end this paper with the discussion
and conclusion sections, as well as an outlook on future research.

2. Literature Review: Barriers to Effective SCM and Blockchain Adoption

On a general level, numerous important barriers to strategic supply chain management
(SCM) have been identified, the impact of which Fawcett, Magnan, and McCarter [25]
label as “intimidating”. They analyzed organizational and individual implementation
barriers to effective SCM. Their list includes lack of top management support, non-aligned
strategic and operating philosophies, inability or unwillingness to share information, lack
of trust among supply chain members, unwillingness to share risks and rewards, inflexible
organizational systems and processes, cross-functional conflicts and “turf” protection,
inconsistent/inadequate performance measures, resistance to change, and lack of training
for new mindsets on skills. More specifically concerning blockchain in supply chains,
Saberi et al. [26] identify and group the major barriers to blockchain into four categories,
namely intra- and interorganizational barriers, systems-related barriers, and external
barriers. In this study, we build on this existing framework and especially focus on the
former two since those are the ones that organizations can influence themselves (see
Figure 1). In the following sections, we provide an overview of how current literature
perceives these barriers and which solutions have been suggested so far, with a special
focus on the agrifood industry.

Financial

Constraints

\

Lack of management Lack of new
. . . Lack of knowledge
commitment and organizational policies .
. and expertise
support for using technology

Intraorganizational Barriers

Difficulty in changing Hesitation to convert Lack of tools for blockchain
K organizational culture to new systems implementation
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Interorganizational barriers ]
A

Problems in collaboration,
communication and

coordination

Information disclosure Challenges in integrating

policy blockchain technology Cultural differences

Figure 1. Intra- and interorganizational barriers to blockchain adoption based on [26].

2.1. Intra-Organizational Barriers
2.1.1. Financial Constraints

Financial resources are typically considered to be critical for the ability of organi-
zations to acquire blockchain technology [27,28]. The digitalization of agrifood supply
chain processes using blockchain technology requires investment in hardware, software,
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and knowledge [29,30]. Even though this investment may not be as substantial as that
required for other supply chain technologies [6], the exact nature of the investment and
operating costs are currently not widely and well-understood by managers considering
blockchain [31]. In this respect, Dutta et al. [28] point out that blockchain’s non-trivial
operational and implementation costs must not be underestimated. Additionally, the
maintenance costs of blockchain systems need to be adequately monitored [32] to gain
a competitive advantage [33]. In the long run, blockchain-enabled agrifood traceability
systems need to yield a positive return on investment to justify the deployed resources [34].
Similarly, the use of blockchain for agrifood traceability might be too costly for small
organizations with insufficient resources since system operation and maintenance routinely
require significant financial resources [35]. Therefore, in ensuring the smooth implementa-
tion of blockchain, sufficient financial resources are a key intraorganizational barrier to the
innovation and adoption of the technology.

2.1.2. Management Commitment and Support

The potential value of blockchain adoption in the agrifood organization can be under-
mined by a lack of management commitment and support as well as a lack of management
engagement in the technology across the organization [27,31]. As per Rogerson and
Parry [10], the absence of management support can stifle new technology adoption. As
such, when orientating their agrifood business processes toward blockchain integration,
agrifood organizations need a clear strategic perspective that emphasizes top manage-
ment involvement and organizational support to facilitate the implementation within
their business operations [28]. With sufficient managerial support, blockchain adoption
can be significantly enhanced since this ensures the mobilization of sufficient resources.
Nevertheless, the immaturity of the technology is still an important concern for managers
that negatively affects their commitment and support [27]. As a result, given that (mostly
upper level) managers oversee critical activities and budgets, their support is an important
prerequisite for providing crucial resources.

2.1.3. Organizational Policies

Adopting blockchain requires new organizational policies, mechanisms, and pro-
cedures to be implemented as part of an organization’s overarching corporate strategy.
According to Kouhizadeh et al. [27], a lack of organizational policies represents a promi-
nent barrier to blockchain adoption. The potentials of leveraging blockchain in agrifood
operations can therefore only be fully realized if the enablers of its adoption are reinforced
with favorable organizational strategies and policies [36]. For example, Chanson et al. [37]
point out how organizational policies are necessary to define how the users of blockchain
systems can prevent, identity, and overcome security incidents. Moreover, there is a need
to employ changes in current organizational structures (e.g., changes in responsibilities,
goals, routines, decision-making activities, systems) and policies so that blockchain can
confer substantial benefits on the agrifood organization. Therefore, the compatibility of
blockchain with an agrifood organization’s existing policies and practices is essential to its
successful deployment [38—40]. In this respect, agrifood organizations need to support a
wide range of activities (e.g., product control, monitoring, data capture and documentation,
traceability) that should be governed by organizational policies and mechanisms to achieve
more efficient processes operational excellence.

2.1.4. Knowledge and Expertise

Organizations perceive blockchain adoption as a demanding task requiring a suffi-
cient understanding of the technology and its integration in the agrifood supply chain [41].
Klerkx and Rose [39] argue that digital technologies strongly impact supply chain opera-
tions and demand new knowledge, skills, and labor management across various actors.
Given its immaturity, Zhao et al. [42] posit that a limited number of people possess in-
depth knowledge and skills on how blockchain can be successfully adopted in the agrifood
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supply chain. Since the users’ level of knowledge and skills ultimately determines the
effectiveness of system use in various contexts [43], a lack of knowledge and engagement
with blockchain technology can significantly slow down its adoption in the agrifood in-
dustry [35]. Antonucci et al. [44] therefore suggest that agrifood organizations upgrade
their base knowledge and technical assistance to support and help other stakeholders, and
that governments assume an active role in supporting blockchain-enabled agrifood supply
chains. However, Lin et al. [45] note that if the current organizational systems adequately
satisfy their business needs, adopting blockchain is not likely to happen because successful
implementation requires knowledge on both agriculture and blockchain and a certain
amount of external pressure to do so.

2.1.5. Organizational Culture

Organizational culture plays an important role as an enabling factor when it comes to the
adoption of blockchain within an agrifood organization. According to Kouhizadeh et al. [27],
the integration of blockchain in the supply chain can be impeded by difficulties in changing
organizational culture. In the context of the agrifood industry, Yadav et al. [46] state that
stakeholders such as farmers and middlemen may resist blockchain adoption because
this would require a substantial cultural change. The management culture induced by
blockchain-enabled agrifood supply chains can significantly impact the quality of agrifood
products and the vitality of the organizations involved [47]. Blockchain has the potential to
alter the organizational culture of farming businesses, transforming it from a “hands-on”
and experience-driven management style to a more data-driven approach and algorithmic
rationality [39]. Although the technology can support a culture of trust through its tamper-
proof recording capability [48], blockchain adoption faces several issues on a more human
level. In this regard, Kurpjuweit et al. [49] argue that the successful implementation of
blockchain is preceded by a supportive organizational culture that encourages employees
and managers to take risks and deliberately push the implementation process.

2.1.6. Conversion to New Systems

A challenging issue facing agrifood organizations is the involvement of employees
in new systems and organizational mechanisms that may include the use of new technol-
ogy. As an emerging technology, blockchain integration in the organization may require
modifying legacy systems [27]. In a recent study, Abreu and Coutinho [50] assert that
numerous legacy systems lack direct interfaces to blockchains and require a substantial
redesign when integrating data or blockchain-based functionalities with legacy systems.
The immaturity of blockchain and its ongoing development raises further problems for
system development and the integration of existing legacy systems [51,52]. For some early
adopters of the technology, caution has been exercised to weigh the potential benefits
of blockchain against the barriers to its implementation [53]. In addition, the intrinsic
complexity of blockchain systems makes traditional ways for managing business processes
inapplicable, thereby resulting in issues pertaining to ease of use, process delays, and
resistance to adapt to the blockchain environment [35,46,48]. Therefore, managing the
resistance to blockchain adoption within an organization is a complicated issue that needs
to be tackled sensibly to motivate the active participation of employees, increase awareness,
and avoid the failure of the adoption process.

2.1.7. Implementation Tools

Despite the predicted potential of blockchain, there also exists a substantial likelihood
of failure. One of the explanations for this is the lack of tools necessary for the effective
integration of the technology [27]. As such, blockchain is not a standalone technology,
but rather depends on its integration into sensing technologies such as the Internet of
Things (IoT) and Radio-Frequency Identification (RFID) [14,54,55]. Agrifood organiza-
tions are thus compelled to invest in these digital technologies, with a special focus on
integrating real-time information and data processing tools to optimize production, facili-
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tating traceability and increasing responsiveness to changing conditions in their supply
chain [56-58]. Agrifood organizations also need accurate, robust, and efficient tools to
ensure the transparent and efficient control of safety in raw materials in accordance with
compliance standards [59]. Moreover, blockchain needs to be sustained by IoT capabili-
ties to unleash its full potential and to provide process visibility, transparency, and data
access [60]. However, Tsolakis et al. [48] believe that the supply, implementation, and
maintenance of digital tools (e.g., IoT, sensors, RFID equipment) can be challenging due to
infrastructural configuration requirements.

2.2. Interorganizational Barriers
2.2.1. Collaboration, Communication, and Coordination

Collaboration represents a vital prerequisite for improving supply chain effectiveness,
particularly for farmers and their customers [61,62]. Collaboration, communication, and
coordination are critical in reducing logistics costs and increasing partners’ involvement in
identifying and reducing waste across the supply chain. A lack of coordinated approaches
can impede blockchain adoption [27]. Conflicting objectives, priorities, and incentives
among the various entities may lead to several consistency problems, inefficiencies, and
increased costs (e.g., production costs, inventory costs, long lead times) [28,33,63]. Despite
the manifold advantages, Yadav et al. [46] argue that organizations may be reluctant to
actually collaborate and engage in consortia creation. Potential reasons for this behavior
are the urge to obtain individual advantages from technology adoption and a reluctance to
work with competitors. It is crucial to overcome these barriers since collaboration must
no longer be seen as an option, but rather as a necessity [64] that enables organizations to
intelligently exploit blockchain technology and leverage its collaborative capabilities in
the industry.

2.2.2. Information Disclosure Policy

Information disclosure is beneficial to partners in agrifood supply chains as it helps to
reduce potential hazards in critical processes and ensure agrifood safety [65]. Although
information disclosure represents a key variable in developing and maintaining mutual
relationships between the stakeholders, it is a risky practice that can result in the loss of
control, power, tactical flexibility, and image [66]. In this regard, the adoption of blockchain
in the agrifood supply chain can be hampered by the challenges associated with the
information disclosure policy between partners [27]. For example, Lin et al. [32] highlight
that sensitive information disclosure is a major issue slowing the use of blockchain for
agrifood traceability. The loss of information, inaccurate information dissemination, and
inadvertently allowing access to confidential information to unauthorized parties are
additional information disclosure risks in the agrifood supply chain [27]. Distrust among
agrifood organizations through the data captured and disclosed by blockchain constitutes
another emerging threat in agrifood supply chains that can lead to adverse consequences
for collaborative relationships. This can be attributed to a perception of insecurity regarding
blockchain and general suspicion toward its capabilities [54].

2.2.3. Integrating Blockchain Technology

Achieving sustainable development in an agrifood supply chain requires organiza-
tions to focus on a clear strategy for delivering healthy and high-quality agrifood products,
thereby ensuring better economic, environmental, and social performance [67]. A clear
path toward fostering agrifood supply chain sustainability is to benefit from blockchain’s
capabilities of reducing agrifood fraud, increasing product originality and quality, en-
forcing fair competition, and promoting sustainable practices among organizations [47].
Despite the fact that blockchain can be a potential contributor and a transition pathway
toward sustainable agrifood supply chains, the integration of sustainable practices and
blockchain is a complex task for many organizations and needs to be coordinated with
numerous business partners. In this regard, Kouhizadeh et al. [27] state that some managers
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fail to establish long-term commitment and support for sustainability practices through
supply chain processes, particularly after adopting new technology. Similarly, the tran-
sition toward sustainability is a challenging task that permeates an entire organization
and necessitates that all industry stakeholders are committed to the realization of core
sustainability objectives. This implies that a lack of reward systems to guarantee data
integrity and incentivize sustainability initiatives by government and agrifood organiza-
tions can hinder the promotion of sustainable practices and blockchain technology within
and across organizations [27]. Thus, agrifood organizations” overall orientation toward
the combination of sustainability and blockchain represents a multi-phase and dynamic
process that occurs over a long time and requires strenuous efforts to ensure sustainability
in their supply chains.

2.2.4. Cultural Differences

Previous research has established that cultural differences can cause increased trans-
action costs and reduced cooperation [68]. Cultural gaps have the potential to heavily
influence the operations of agrifood organizations, which in turn impacts their decisions
pertaining to production planning, demand forecasting, and quality management. In the
context of blockchain adoption, Kouhizadeh et al. [27] find that the cultural differences
of supply chain partners regarding technology and sustainability yield diverse mind-
sets that can hamper blockchain implementation and transparency in the supply chain.
Hew et al. [40] illustrate the case of Malaysia as a country with a conservative culture
that prohibits the adoption of emerging technologies such as blockchain. Qian et al. [69]
emphasize the need to create a culture of collaboration to accelerate the transition from
traditional to blockchain-based agrifood supply chains.

Table 1 summarizes the main problems that we identified in previous research building
on the categories from Saberi [26]. Additionally, we include related literature that goes
further into detail as well as the measures that we used for their operationalization. We
discuss the measures in some detail in the following sections, and the exact wordings can
be found in Appendix A (Tables Al and A2).
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Table 1. Previous research findings and operationalization.

Barriers from Saberi et al. [26]

Problems

Literature

Measures (See Tables A1 and A2

in the Appendix A)
Intraorganizational
Financial constraints Lack of financial resources; lack of funding; unclear ROIs, [27-30,32-35] B1, B2, B3, B4, OR4
unpredictable costs of blockchain implementation
Lack of management commitment and support Missing blockchain strat?gy; poor understanding of technological [10,27-33] OR1, OR2, OR3
advantages; immaturity of the technology
Lack of new organizational policies for . . . . . B8, B10, B11, B14, B16, B17, OR4, OR5,
using technology Unclear use cases; lack of integration with operations and strategy [27,36-40] OR6, OR7
Lack of knowledge and expertise Lack of qualified individuals; lack of awareness; unclear benefits [35,39,41-45,70,71] B5, B6, B7, B8, OR7
Difficulty in changing organizational culture Gaining employees’ commitment; fostering understanding [27,39,46-49] B17, OR1, OR3, OR5, OR7
regarding blockchain
Necessary replacement of legacy systems; lack of compatibility
Hesitation to convert to new systems between blockchain technologies and legacy systems; unclear [27,35,46,48,50-53] B4, B12, 81%1]355’051346’ gllé’ OR1, OR2,
benefits, redesign of business processes; resistance to change ’ ’
Lack of tools for blockchain technology . . . .
. . Lack of experience with tools; integration problems [27,48,54-56,59,60] B12, B13, B14, B15, B16
implementation
Interorganizational
Problems in collaboration, communication, and Conflicting objectives; differing priorities and incentives among [27,28,33,46,62~64] B10, B11, B12, B13, B14, B16, B17, B18, B19,
coordination supply chain partners; competitive mindsets e B20, B21, B22, OR5, OR6

Challenge of information disclosure policy
Challenges in integrating blockchain technology

Cultural differences

Potential loss of control, power, tactical flexibility, image; reluctance
to share sensitive information; distrust
Lack of long-term commitment; difficult transition periods; lack of
interorganizational reward systems
Increased transaction costs; reduced cooperation; negative impact on
operations; goal conflicts; legal issues; different privacy policies

[27,32,54]
[27,47]

[27,40,70]

B10, B11, B12, B14, B15, B17, B20, B21, B22
B10, B11, B12, B14, B16, B17, B20, B22

B10, B11, B17, B18, B20, B21, B22
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3. Methodology

The initial exploration of barriers to and drivers for blockchain adoption in supply
chain was enabled by the early work of Saberi et al. [26] and van Hoek [72]. The conceptual
study of Saberi et al. [26] established the main categories of blockchain adoption barriers,
and the study of van Hoek [72] built upon this by conducting an initial measurement
of the applicability of those barriers in a focus group setting. In an earlier paper, we
reported on focus group findings that helped to operationalize the categories of barriers
and drivers from literature into concrete items [73]. To further our understanding at
the start of this research project, we extended this effort by conducting a larger study
with two audiences at a US-based conference and at a Polish supply chain conference.
Across the estimated 400 total attendees during the two conference sessions, we captured
190 responses. While the dataset represents a convenience sample, it served to further the
exploration of blockchain adoption barriers as perceived by supply chain experts. The aim
was not to achieve statistical generalization, but rather to explore possible patterns in a
larger dataset. This in turn was used to focus our qualitative research stage, which included
the analysis of various artifacts and the conducting of 10 interviews with supply chain
managers. In these interviews, we specifically focused on intra- and interorganizational
barriers in the agrifood industry to eliminate the confounding influence of the type of
industry. The questions for the interviews can be found in Appendix B.

4. Results

In the following sections, we first present the results from our quantitative survey
among 190 supply chain experts to answer RQ1la and RQ1b regarding the nature of intra-
and interorganizational barriers related to general blockchain adoption and organizational
readiness. Next, we present the findings from a qualitative survey among agrifood industry
professionals to identify the resources companies in the agrifood industry can use to
overcome the respective barriers (RQ2). Finally, we differentiate between coping strategies
between incumbents and start-ups in the agrifood industry (RQ3).

4.1. Quantitative Results

Figure 2 illustrates the respondents’ assessments of the respective organizational
barriers as measured with several Likert-type items with a 7-point range, from 1 (“not at
all”) to 7 (“to a very large degree”).

On average, the respondents” assessment hovered between 3 (“to a small degree”) and
5 (“to a sizeable degree”), with many answers being close to 4, the midpoint of our scale
(“to a modest degree”). It has to be noted, however, that there was substantial variation
among the answers, and we received the full range of answers from 1-7 for each respective
item. In a nutshell, items B1-B4 were related to the costs and uncertainties of blockchain
implementation, B5-B9 measured the lack of understanding on the side of the companies,
B10 and B11 were about data security and privacy concerns, and B12-B22 operationalized
several technical, regulatory, collaborative, and cultural issues. Further details can be found
in Table A1 in the Appendix A.

The most relevant organizational barriers to blockchain adoption turned out to be
the widespread lack of understanding pertaining to the technology itself and its potential
benefits. Furthermore, the experts also highlighted that it is uncertain how blockchain can
be integrated with legacy systems, how high the resulting costs as opposed to the expected
ROI will be, and what the current technical limitations of blockchain technology are. The
three least relevant items turned out to be the actual implementation and deployment
costs as well as the costs of having a blockchain pilot. Again, it has to be pointed out
that the range of answers was relatively small, ranging from 4.39 (LOU about blockchain
technology) to 3.11 (cost of blockchain pilot). This indicates that, on average, the experts
agree that numerous relevant organizational barriers exist but none of them constitutes an
insurmountable obstacle.
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LOU about blockchain technology
LOU of blockchain integration
LOU of costsand ROI of blockchain
Lack of standards for blockchain
Data privacy concerns
Lack of data quality/integrity
Data security concerns
System reliability issues
Limited scalability of blockchain
Cost of blockchain implementation (B3
Cost of blockchain (B1
Cost of blockchain pilot (B2

LOU of potential benefits of blockchain
LOU on technical limitations of blockchain
Integration issues with existing technologies (B12
Uncertainty about ROI on blockchain (B4
Challenge s with information disclosure
Too many stakeholdersin decision making
Lack of inter-operability of blockchains
Administrative burden on partners
Cultural differences of supply chain partners

Collaboration, communication, coordination

Figure 2. Average assessment of organizational barriers to blockchain adoption (n = 190; 1 = “not at
all”; 7 = “to a very large degree”; LOU: Lack of Understanding).

In spite of the average assessment pertaining to the importance of existing barriers to
blockchain adoption, organizations do not consider themselves to be ready yet, as can be
seen in Figure 3.

The average assessment regarding the various readiness dimensions hovers around
values between 2 (“to a very small degree”) and values slightly higher than 3 (“to a small
degree”). It has to be noted, again, that the full range of answers showed a high level of
dispersion, ranging from 1 to 7 for all questions. OR1-OR3 measure the internal recognition
of the importance of blockchain as well as the management’s engagement. OR4-OR7 refer
to an existing business case, strategy, roadmap, and dedicated team, respectively. Again,
more descriptive statistics can be found in Appendix A.

When it comes to the respective criteria of organizational readiness, executive en-
gagement and the general recognition of blockchain’s potential came first, followed by the
engagement of operational management. Conversely, an existing roadmap and a dedicated
team were the two drivers of organizational readiness that came in last. On average, the
experts perceive a fairly low level of organizational readiness when adopting blockchain.

In a next step, we explored the underlying factor structure for our measurement items
that were not based on previous research but rather gained from operationalizing the
barriers suggested in the literature. Following the recommendation from Treiblmaier and
Filzmoser [74], we conducted an exploratory factor analysis (EFA) using the scree plot and
Eigenvalues > 1 as criteria for selecting the number of factors and an orthogonal Varimax
rotation to facilitate the interpretation of the factors. Since the factor structure was not
known ex-ante, our research aimed to investigate the preliminary construct validity. As can
be seen in Table A3 in Appendix A, the four emerging factors mimic the aforementioned
structure of (1) cost and uncertainty, (2) lack of understanding, (3) security and privacy, and
(4) technical, regulatory, collaborative, and cultural issues, with only one single item (B4:
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Uncertainty about ROI on blockchain) exhibiting a cross-loading. In summary, these items
can be used as a foundation for further scale development and future quantitative studies.

Figure 3. Average assessment of organizational readiness to blockchain adoption (1 = 190; 1 = “not at
all”; 7 = “to a very large degree”).

4.2. Qualitative Results

After confirming the importance of the respective barriers as well as assessing organi-
zations’ insufficient level of preparedness to cope with them, we explored coping strategies
and techniques, with a special focus on the agrifood industry. In order to do this, we used
a number of evidentiary sources that include online material from companies (e.g., reports,
video presentation), panel discussions, and in-depth qualitative interviews [75]. In total, 10
interviews were conducted with managers involved in blockchain-based IT projects from
incumbents (6) and start-ups (4), respectively, until a level of theoretical saturation was
reached, and no further resources and capabilities emerged. The companies operated in
different agrifood supply chains, including meat, beverages, wool, and agrifood health
products. We explicitly differentiated between incumbents and start-ups to consider the
varying resources they possess and their respective level of specialization [18-20].

In Table 2, we summarize the main resources that companies in the agrifood supply
chain use following the framework shown in Figure 1 and further illustrate whether there
are any relevant differences in the coping strategies between incumbents and start-ups.

In order to successfully cope with the first major intraorganizational barrier, namely
financial constraints, dedicated budgets for blockchain adoption are needed. Given the
novelty of the technology, the total costs of implementation and operation are hard to
calculate. Incumbents and start-ups deal with financial bottlenecks in different ways.
While the former mostly depend on internal funding (including financial support from
parent organizations and global budgets), the latter frequently need to find external support,
which might come in the form of equity or loans. Additionally, public funding provides an
alternative strategy for start-ups.
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Table 2. Bridging techniques and capabilities to overcome barriers to blockchain adoption in the agrifood industry.

General Resources and Capabilities

Specific Resources and Capabilities

Barrier

Incumbent

Start-Up

Intraorganizational

Financial constraints Dedicated budget

Lack of management commitment
and support

Lack of new organizational policies for
using technology

Lack of knowledge and expertise Education; specialist training; outsourcing

Difficulty in changing organizational culture -

Hesitation to convert to new systems -

Lack of tools for blockchain technology
implementation
Interorganizational

Outsourcing; consulting; development;
staying updated

Standards; contracts; encouraging platform
use; creating incentives; communicating value
and benefits

Problems in collaboration, communication,
and coordination in the supply chain

Regulatory compliance; transparency
pertaining to information use
Internal competence; external consulting;
talent scouting;
interorganizational cooperation
Communication; clear procedures and
responsibilities

Information disclosure policy

Problems with integrating
blockchain technology

Cultural differences

Internal budget; internal sponsor; parent
organization; global budgets

Bottom-up information about benefits;
external advisory; creating minimum
viable products
Restructuring and educating existing units;
process redesign

Technology consultants; in-house training

Management support; external consulting;
internal change management
Management support; internal support;
resource reallocation

Integration with existing systems

Established partnerships and trust relations;
joint ideation; main incumbent can fund the
majority of the initial adoption

Governance structure development

Scope of adoption to part of the supply chain
and consider scaling broader later

Established partnerships and trust relations

External investments; venture capital; seed
funding; crowdsourcing; public funding;
voluntary contributions

Not applicable

External advice (e.g., for regulatory
compliance)
Business consultants; technology consultants;
active networking; communities

Not applicable
Not applicable

Not applicable

Brand building; trust building; creating
markets need to articulate the business case to
all parties and secure funding; who is going to

pay for this?

Trust building

Partial supply chain scope simplifies
initial adoption

Brand building; trust building
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Lack of management commitment may pose a major hurdle that incumbents try to
overcome with an internal bottom-up informational strategy, external advice (e.g., from
specialized consulting companies), and the creation of prototypes that should illustrate the
viability of the technology. When it comes to missing organizational policies, incumbents
need to change existing structures and processes and refer to internal restructuring and
process redesign, whereas start-ups in the blockchain space usually design their business
models from scratch to account for the idiosyncrasies of the technology. Occasionally, start-
ups also refer to external support and mentoring, the latter of which is sometimes included
in state-funded support campaigns. The current lack of knowledge and expertise is equally
perceived by incumbents and start-ups, and the existing market supply is insufficient to
fulfil the demand of the industry regarding developers in that area. Incumbents are regu-
larly capable of paying higher wages and recruiting skills from existing labor markets, but
they also foster in-house education. Start-ups also occasionally rely on external consultants,
active networking (e.g., via social media), and existing communities. Most notably, several
start-ups also indicated that they rely on external support for business matters, which is
less frequently the case for incumbents. Cultural issues and the hesitation to convert to new
systems only pose a problem for incumbents, which is not surprising since the start-ups
were specifically founded for blockchain projects, and their internal procedures are aligned
with the requirements of blockchain adoption. Consequently, several incumbents find it
difficult to adapt their existing culture and processes to decentralized systems that often
require a change in thinking, which is especially profound in cases where decentralization
affects existing power structures [76]. In order to cope with this problem, they refer to
internal change management but also frequently consult external advisors.

The final intraorganizational barrier pertains to a lack of tools, many of which are
not fully developed and frequently require extended testing periods. Again, outsourcing
and external consulting provide viable strategies for all companies, although this option is
more frequently pursued by incumbents. As opposed to start-ups, incumbents also have to
deal with the integration with legacy systems, which can be seen as another barrier but
also as a resource, since they do not frequently need to develop a system completely from
scratch but can rely on existing infrastructure.

As far as interorganizational barriers are concerned, collaboration, communication,
and coordination along the whole supply chain turned out to be the most complex barrier
to overcome for both incumbents and start-ups. They all stress the need to create common
standards (which is frequently beyond the capability of a single company), but also to draw
up contracts that are in line with the idiosyncrasies of blockchain (e.g., when it comes to the
immutability of data) and actively communicate the value and benefits of blockchain-based
platforms to their partners.

Quite obviously, established companies can rely on their existing networks and can
include their business partners in the design and creation of blockchain-based networks.
In contrast, start-ups first need to build their brand and create trust-based relationships
with their business partners, which necessitates the alignment of numerous strategic and
operational processes [77,78]. When it comes to the information disclosure policy, the
interviewees highlighted the need to follow existing regulations and to communicate this
within their respective business circles. Again, transparency in information use is a major
resource and a prerequisite for sustainable supply chain relationships.

Concerning problems pertaining to the interorganizational integration of blockchain
technology, both incumbents and start-ups either rely on their in-house competencies
or interorganizational cooperation. Alternatively, both refer to external support, as was
the case with the intraorganizational barrier labeled “lack of knowledge and expertise”.
Finally, cultural differences pose a well-known barrier that is fairly pronounced in supply
chain networks. Since the adoption of blockchain technologies regularly implies increased
data sharing and transparency, close cooperation based on trust and clear procedures and
responsibilities are seen as the main capabilities needed to overcome this barrier. In this
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regard, incumbents can rely on their established networks while start-ups still need to
develop their brand and long-lasting relationships.

Generalizing our findings, Table 3 summarizes the major barriers and bridges of
the 4 start-ups and 6 incumbents as well as differences and similarities when it comes to
blockchain adoption.

Table 3. Overview of differences in blockchain barriers and adoption between start-ups and incumbents.

Start-Up Incumbent

Differences in barriers and bridges
Similarities in barriers and bridges
Differences in blockchain adoption

Similarities in blockchain adoption

Investment costs; “who will pay for it?”
Less concern about existing infrastructure
Need to drive inter- and intra-organizational engagement and make the case for all parties
Very targeted use cases of blockchain to focus on adoption
Can go fairly quickly with less internal Can drive scaling across the supply chain
hurdles to clear more effectively with scale and leverage
Part of the supply chain in scope; adoption is not (yet) end-to-end
More learning about interoperability, costs, and change management needed

Uncertainty of running costs

5. Discussion and Implications

Previous research and evidence from the industry has indicated numerous potentials
of blockchain technology for supply chain management [23,62]. However, the disruptive
nature of the technology necessitates significant changes within and between organizations,
which leads to the emergence of adoption barriers [79]. While these barriers have been
identified and categorized in previous literature [31,72], a structured approach was missing
to highlight the resources that companies can deploy to overcome them. In this paper,
we close this research gap and build on a comprehensive literature review, a quantitative
survey, and an in-depth qualitative study to identify and categorize the respective resources
and capabilities. Furthermore, we exemplify our findings by focusing on the needs of the
agrifood industry and differentiating between incumbents and start-ups. Specifically, we
illustrate that different resources are needed for successful blockchain adoption depending
on a company’s experience and relations in the market.

5.1. Theoretical Contributions

From an academic perspective, our exploratory study postulates that numerous strate-
gic resources exist, which a firm can exploit to achieve sustainable competitive advantage.
The identification of these resources, which we accomplished in this paper, will support
future academic research that strives to dive deeper and investigates how a specific re-
source in one of the established categories can actually impact a company’s effectiveness or
efficiency [80]. This research stream can build heavily on the resource-based view of the
firm, with the goal of identifying those resources that can gain a competitive advantage for
a company [23,55].

Our study extends previous conceptual and empirical research in the agrifood industry
in that we highlight how substantial investments in hardware, software, and knowledge
are needed if companies in the agrifood company want to adopt blockchain [29]. More
specifically, we build on previous research and identify those operational barriers that
specifically impede the adoption of blockchain technology [30]. Prior studies have also
identified lack of government regulation and trust among stakeholders as major adoption
barriers [46], which our study confirms and extends by highlighting additional and more
refined impediments. We also detail specific measures related to some of the more generic
challenges (e.g., organizational, social, technological) outlined in previous literature [56].

Previous research agrees on the importance of several key factors such as traceability
in agrifood chains and the suitability of blockchain to foster transparency [57,58]. Our
research contributes to this growing body of literature by pinpointing specific barriers and
highlighting the differences between start-ups and incumbents, which has been largely
ignored so far. We also contribute to existing literature, which stresses the importance of
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interorganizational cooperation as an antecedent of successful blockchain adoption and
deployment [61,62]. The resources and capabilities that we identify in this paper provide
some indications for tackling pending problems in interorganizational communication and
collaboration.

This study therefore provides fertile ground for a plethora of novel research ques-
tions and allows for interesting comparisons between companies and industries when
it comes to blockchain adoption [81]. Furthermore, measures need to be developed to
operationalize the impact of specific resources [82], which can be achieved by building
on the operationalizations that we introduce in this study (see Appendies A and B). All
of these tasks are important prerequisites for further rigorous studies that help to build a
theory-based academic research agenda [83].

5.2. Managerial Contributions

From an industry perspective, the presented resources and capabilities represent those
pain points that companies need to tackle in order to successfully integrate blockchain
technology into their agrifood supply chain. More specifically, the application of blockchain
can help to streamline agrifood chains and tackle several important issues such as the
need to reduce food waste [2,3], to increase food chain sustainability [4], and to ultimately
improve the quality and healthiness of food products [67]. Furthermore, the bridging
techniques and capabilities presented in this paper provide viable managerial policies
and strategies which can help to realize the benefits of blockchain that previous research
identified for the agroindustry [9]. Our results also provide some indications on how to
overcome existing challenges pertaining to the lack of trust and governance, which is an
important obstacle in the industry [10].

Further work in this area can include the development of checklists that help man-
agers to better understand their current blockchain adoption status and which issues they
need to tackle to overcome existing barriers. A systematic interorganizational analysis
of blockchain adoption barriers and the resources needed to bridge them will also help
industry associations and standardization bodies to detect problems that can only be solved
from an overarching perspective.

6. Conclusions, Limitations, and Further Research

This study presents a snapshot of existing blockchain adoption barriers in supply
chains and potential corresponding solutions, with a specific focus on the agrifood industry.
The technology in this area is advancing fast, as is the surrounding environment, which
includes legislation and regulation. Our findings are also limited by the size and the
composition of the quantitative and qualitative samples that we used, and we recommend
that replication studies be conducted, with a special focus on other sectors in the industry
and different stakeholder groups. Several of the critical resources that we identify in this
paper might be commonly available in the future and no longer be a pending issue, while
new barriers that lead to the emergence of new critical resources might yet arise.

Furthermore, we have presented all intra- and interorganizational barriers as inde-
pendent of each other, which might not be the case in the real world and yields numerous
interesting research questions as to what extent these barriers can be addressed simulta-
neously. In summary, we believe that this paper provides the foundation for numerous
research streams, be it the development of more refined frameworks, models, or theories
in academia or the identification of important pain points in the industry as well as the
resources and strategies that are necessary to overcome them.
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Appendix A. Quantitative Survey

Table A1. Barriers. To what degree is your company experiencing the following barriers to blockchain in the supply chain?

Mean SD Var Min Max

Bl  Cost of blockchain 317 184 339 1 7
B2  Cost of blockchain pilot 311 176  3.09 1 7
B3  Cost of blockchain implementation 334 185 343 1 7
B4  Uncertainty about ROI on blockchain 425 195 381 1 7
B5 Lack of understanding (LOU) about blockchain technology 4.39 1.9 3.61 1 7
B6  LOU of costs and ROI of blockchain 4.35 1.9 3.62 1 7
B7  LOU of technical limitations of blockchain 434 187 352 1 7
B8  LOU of potential benefits of blockchain 439 193 372 1 7
B9  LOU of how to integrate blockchain into existing supply chain processes 439 197 387 1 7
B10  Data security concerns 389 194 375 1 7
B11l  Data privacy concerns 393 197 387 1 7
B12 Integration issues with existing technologies 434 191 364 1 7
B13  Lack of interoperability of blockchains 391 187 351 1 7
B14  Lack of standards for blockchain 401 184 339 1 7
B15  Lack of data quality/integrity 392 186 346 1 7
B16  System reliability issues 375 1.82 331 1 7
B17  Large number of stakeholders involved in decision making about blockchain 398 195 3.8 1 7
B18  Administrative burden of blockchain on supply chain partners 383 182 329 1 7
B19  Limited scalability of blockchain 357 183 3.36 1 7
B20  Collaborating, communicating, and coordinating in the supply chain 382 1.8 341 1 7
B21  Challenges in information disclosure policy between supply chain partners 406 192 3.68 1 7
B22  Cultural differences of supply chain partners 352 194 377 1 7

(1: not at all; 2: to a very small degree; 3: to a small degree; 4: to a modest degree; 5: to a sizeable degree; 6: to a large degree; 7: to a very
large degree; n = 190).

Table A2. Organizational readiness. To what degree does your company have ... .

Var Text Mean SD Var Min Max
OR1 Recpgmhqn throughout the company of the potential of blockchain in the supply 315 171 291 1 -
chain (BC in the SC)
OR2  Executive engagement in BC in the SC 3.22 1.79 3.21 1 7
OR3  Engagement of operational management in BC in the SC 2.87 1.7 2.89 1 7
OR4 A business case in place for BC in the SC 262 169 286 1 7
OR5 A strategy in place for BC in the SC 2.52 1.71 2.94 1 7
OR6 A roadmap in place for BC in the SC 2.46 1.71 2.92 1 7
OR7 A dedicated team in place for BC in the SC 233 171 292 1 7
(I:notatall ... 7: to a very large degree; n = 190).
Table A3. Factor analysis.
Factorl Factor2 Factor3 Factord

B1 0.885

B2 0.899

B3 0.866

B4 0.625 0.409

B5 0.839

B6 0.848

B7 0.821

B8 0.697
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Table A3. Cont.
Factorl Factor2 Factor3 Factord
B9 0.741
B10 0.807
B11 0.845
B12 0.657
B13 0.671
B14 0.661
B15 0.653
Bl6 0.718
B17 0.690
B18 0.819
B19 0.751
B20 0.720
B21 0.673
B22 0.612
SS loadings 6.197 4.400 3.076 2.053
Proportion Var 0.282 0.200 0.140 0.093
Cumulative Var 0.282 0.482 0.621 0.715

References

(Four-factor solution based on scree plot and Eigenvalue > 1; varimax rotation; items with loadings below 0.4

were suppressed).

Appendix B. Interview Guideline for the Qualitative Survey

Intraorganizational barriers
Does your company face the following intraorganizational barriers?
If so, what kind of measures do you take or resources do you use to overcome them?

Financial constraints;

Lack of management commitment and support;

Lack of new organizational policies for using blockchain technology;

Lack of knowledge and expertise;

Difficulties in changing organizational culture;

Hesitation to convert to new systems;

Lack of tools for blockchain technology implementation in sustainable supply chains.

Interorganizational barriers
Does your company face the following interorganizational barriers?
If so, what kind of measures do you take, or resources do you use to overcome them?

Problems in collaboration, communication, and coordination in the supply chain;
Challenges of information disclosure policy between partners in the supply chain;
Challenges in integrating sustainable practices and blockchain technology through
SCM;

Cultural differences of supply chain partners.
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