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Abstract. Whether or not blockchain technology adds value to supply chains is 
a highly controversial topic. It has been lauded as the technology that brings 
transparency and efficiency to supply chains. However, others find this view 
overly optimistic. In this paper, we aim to add more insight into the issue by 
applying an action design research approach. We develop and evaluate two arti-
facts in collaboration with companies and use the results to conclude how block-
chain technology can help overcome issues in the current supply chain infor-
mation flow. It shows that blockchains can provide a shared trust base and a com-
mon standard that allows for increased information exchange between supply 
chain partners. Based on our findings, we propose a research agenda for studying 
blockchain technology with a stronger focus on governance mechanism and 
transparency issues. 
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1 Introduction 

Supply chain management (SCM) explores inter-organizational relationships and the 
coordination of processes and activities between organizations to improve their perfor-
mance [1]. Despite the term “supply chain”, such relationships are, in reality, non-linear 
and have a complex network structure [2]. Based on extensive research, there is strong 
evidence that enhanced coordination and integration within such supply chain networks 
positively correlates with higher performance by all network members [3, 4]. A partic-
ularly important enabler for tight coordination among supply chain partners is the net-
work-wide integration of the information flow [5, 6].  
 In recent years, blockchain has emerged as a new technology with the potential to 
integrate and improve the information flow along supply chains significantly [7, 8]. The 
identified benefits of this technology in SCM are manifold and include enhanced iden-
tity management for assets and individuals [9], the avoidance of inefficient intermedi-
aries [10], increased product traceability [11], and an immutable, secure audit trail [12]. 
However, as blockchain is a new phenomenon, the benefits of this new technology in 
SCM is the subject of much discussion among theorists as well as practitioners [13, 14, 
15]. Although some large companies such as Kühne+Nagel [16] and Carrefour [17] 



2 

have started to experiment with blockchain-based applications in their supply chains, 
there remains a lack of understanding about how blockchain technology can help over-
come issues in the current supply chain information flow in practice (see [18]).  
 To gain greater insight into this topic and to understand better the value of block-
chains for SCM, we developed two blockchain-based artifacts for a food label and a 
pharma supply chain of two companies to address the following research question: 

Can blockchain technology help overcome issues in the current information flow 
for supply chain networks? 

 The contributions of this study are two-fold. First, we present the experience gained 
from two practice-use cases. Second, based on the outcome of the two real-world cases, 
we derive a research agenda for further studies about the value of blockchain for supply 
chain networks.   
 The remainder of the paper is structured as follows: In the related work section, we 
review the existing literature to elaborate on issues in the current information flow for 
supply chain networks as well as on blockchain technology and its applications in sup-
ply chains. In the next section, research method, we describe our research design. In 
results, we introduce the two case studies by formulating the problem and presenting 
insights generated by the implementation of the two artifacts, while in the discussion, 
we reflect on the findings and formalize what we have learned. Finally, in the conclu-
sion, we summarize our results. 

2 Related Work 

2.1 Issues in the Current Supply Chain Information Flow 

The advent of new information system technologies has greatly facilitated the exchange 
of information in supply chains [5], [19]. Nevertheless, the new technological possibil-
ities are not exhausted, and many companies are less involved than one would expect 
[20]. Supply chain players need to acquire information technology skills to utilize the 
full potential of these new systems successfully [21]. At the same time, a mutual will-
ingness to share information requires trust between supply chain partners [22]. How-
ever, supply chain networks are shaped by power and information asymmetries [23] as 
well as diverging interests [5]. Research shows that the more hierarchic and centralized 
the structure, the more difficult it is to establish that necessary trust [24]. As a result, 
many companies are still not willing to share data with their supply chain partners. 
Without shared standards and a basis of trust, supply chain networks suffer from 

several issues in their information flows [5], [22]. First, there is an insufficient exchange 
of information among supply chain partners. As a result, upstream or downstream vis-
ibility is limited, and the tracing of goods within the supply chain is complicated. Sec-
ond, no unique data truth exists in the supply chain, which makes auditing a tedious 
task. Third, if company information systems are not integrated, processes involving 
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several parties are hard to automate. Fourth, the lack of connectedness leads to the in-
clusion of countless intermediaries functioning solely as information brokers. 

2.2 Blockchains 

The blockchain is an emergent technology initially developed for the digital cash sys-
tem Bitcoin [25]. Subsequently, the technology has been further developed to register 
and transact any digital asset as well as to store “smart contracts” and to carry out pro-
cesses in a distributed manner when all predefined conditions have been fulfilled [26, 
27]. These second-generation blockchains can be understood as a “general-purpose pro-
grammable infrastructure with a public ledger that records the computational results” 
[28, p. 244], and they offer four essential qualities that are extremely valuable for ap-
plications in SCM [29], [30]: 

 
1) Immutability: Once the data is stored on a blockchain ledger, entries 

 cannot be altered due to a cryptographic hash chain. 
 

2) Transparency: Since each participant stores a copy of the ledger locally, every 
 transaction history is visible. 
  

 3) Decentralization: Participants agree on a single truth using a consensus mech-
anism. No central authority is needed. 

 
 4) Process automation: Smart contracts can be deployed to automate secure busi-
ness processes involving several parties. 

 
This immutable, transparent, and autonomous peer-to-peer processing and storing 

of data is based on the decentralized structure of blockchains. By decentralizing all 
protocols and functions, blockchains avoid the need for a central authority to operate 
and develop the network system. This shift from a centralized to decentralized infor-
mation technology (IT) system implies a change from trusting in a single network 
owner to trusting in the shared protocols of the blockchain network. Therefore, it seems 
plausible from a theoretical perspective to assume that the lack of trust, traditional 
power structures, and information asymmetries in supply chains mentioned above 
might be overcome by the introduction of decentralized blockchain-based IT systems. 
Moreover, by creating a shared IT infrastructure based on mutual trust, it should – the-
oretically at least – be possible to address current supply chain issues such as visibility, 
auditability, automation, and intermediaries. 

2.3 Blockchain Application in SCM 

There has been a lot of research in the area of SCM and blockchain, mainly discussing 
the optimization of supply chains through blockchain technology. Research has been 
most active in the fields of supply chain finance, SCM information, and supply chain 
traceability, where the last accounts for more than 40% of total research [31].  



4 

An attempt to review the literature on applications systematically suggests five use-
case clusters of blockchain-based applications in SCM [32]: visibility, integrity, orches-
tration, virtualization, and finance. The review concludes that, currently, the main focus 
of blockchain-based applications is tracing goods and automating supply chain opera-
tions. The authors of another review suggest extended visibility and traceability, supply 
chain digitalization and disintermediation, improved data security, and smart contracts 
as being the value generators of blockchain technology for SCM [33]. They also suggest 
that the pharmaceutical and food industries are the most promising sectors for imple-
mentation.  
In another recent study, the impact of blockchain technology in agriculture and food 

supply chains was investigated [34]. Most projects focus on food safety and integrity, 
as well as better supervision and support for small farmers. Although some benefits of 
using blockchain technology in food supply chains seem apparent – such as tackling 
unfair pricing, facilitating trade, and monitoring social and environmental responsibil-
ity – there are also specific issues. First, blockchain is not sufficiently accessible to all 
the participants in a network; second, the permanent tracking of goods might raise pri-
vacy concerns; and third, blockchain technology is not yet mature enough for utilization 
in daily operations. 
A review of the current research regarding blockchain applications and the biomed-

ical domain shows that scientific literature focuses mainly on integration, integrity, and 
access control of health records [35]. The authors of the review state that the field is 
still not well explored and note that within the scope of their investigation, only one 
study presented a real-world scenario. The implementation process of blockchain pro-
jects faces numerous challenges, and network adoption is only possible if a critical mass 
of stakeholder engagement can be achieved [36]. The lack of standards and governance 
models [36], as well as incentivization misalignments, represent the most significant 
issues [37], reported also in the normative literature [38, 39]. 
To overcome such challenges, [40] proposes an implementation strategy, where only 

a small number of participants adopt blockchain technology and demonstrate its value 
by using real-life examples. However, due to a lack of successful real-life implementa-
tions, the evidence provided in the literature for the theoretically claimed benefits and 
issues of blockchain applications in supply chains remains untested and needs to be 
explored practically. 

3 Research Method 

In order to understand the impact of blockchain technology on supply chain networks, 
we applied an action design research (ADR) method [41]. ADR allows for the design 
of an IT artifact embedded in an organizational context. The issues and the proposed 
solution addressed in this study call for close collaboration with industry requiring  con-
tinuous examination of the specific organizational setting by intervening and evaluating 
[41]. 
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Any further insight gained should contribute not only to academic discussion but also 
highlight relevant, practical recommendations for companies attempting to apply 
blockchain technologies to their supply chain network. In our research design, we fol-
lowed the four stages of the ADR approach (see Fig. 1). 

In the problem formulation stage, we gathered knowledge on the state-of-the-art as 
well as issues in the current information flow of supply chains through an extensive 
literature review [42]  by applying the keywords (and combinations thereof) “block-
chain”, “supply chain management”, “supply chain”, and “literature review” on several 
online data portals (Google Scholar, ResearchGate, ScienceDirect). We sent invitations 
to 800 companies located in Switzerland and selected two of them based on their re-
sponses. The two companies chosen operate in the food and pharmaceutical industries 
respectively, the sectors – according to [33] – most relevant for blockchain applications 
in SCM. In February 2018, we conducted semi-structured interviews [43] with the two 
companies to understand better the current problems in their respective supply chain 
information flow. Between February and May 2018, in the artifact development stage, 
we developed two different blockchain-based artifacts to address the issues from the 
previous stage. This process was supported by the entire research team as well as the 
companies involved. In the reflection & learning stage, the artifacts were evaluated by 
the independent blockchain expert group from the Swiss Alliance for Data-Intensive 
Services on 26 June 2018. This provided a clearer understanding of the value of block-
chain technology for the supply chain information flows analyzed. In the final formal-
izing the learning stage, we generalized our case-specific findings. 

4 Results 

4.1 Problem Formulation 

The first company is a multinational producer of pharmaceuticals and a market leader 
in a highly competitive environment which requires the continuous optimization of pro-
cesses. Its current supply chain reaches multiple countries all over the world. During 
the production process, materials have to go through many different stages until an end-
product is forthcoming.  
If the company wants to conduct a proper analysis of the production process, quick 

access to information about material flows along the entire supply chain is required. 
Furthermore, each entity creates data which must be communicated to the next party. 

 
Fig. 1. The research design includes four adapted stages based on the ADR approach. 

Stage 1: Problem Formulation
- Recognizing the issues in

current IT solutions based on
the supply chain literature and
theory

- Selection of two companies and
identification of their supply
chain issues

Stage 2: Artifact Development
- Building two blockchain

artifacts based on the findings
in stage 1

- Continuously enhancing the
artifacts based on interventions
and evaluations within the
research team

Stage 3: Reflection & Learning
- Reflecting on the impact of

each artifact on the supply
chains in the case studies

- Defining the learnings on the
value of the blockchain
technology for the analyzed
supply chain networks

Stage 4: Formalizing the Learning
- Generalizing the use case-

specific findings from stage 3 to
formulate hypotheses

- Articulating a research agenda
with specific research questions
on how to generate value with
blockchain applications in SCM
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In the company’s supply chain, the communication process between two adjacent par-
ties is ordinarily efficient, and the flow of data is present. However, a problem occurs 
when information from an entity further upstream or downstream is required. 
Moreover, the process of tracing the end-product back to its origin presents a signif-

icant barrier if an integrated information system does not offer the required transpar-
ency. In the highly regulated medical sector, especially, it is mandatory for a company 
to provide full documentation about the origin and quality of their products. Due to the 
missing information exchange beyond directly adjacent supply chain players, it is hard 
to fulfill the regulatory requirements since most of the documentation process is still 
paper-based and distributed among different systems and operators. 
The second company analyzed in this study is an association acting as a food label 

for numerous regional producers of dairy and meat products. For a label which gives 
consumers not only the assurance of legal compliance but also of regionally produced, 
high-quality products, it is crucial to safeguard their credibility. For this reason, inde-
pendent certification authorities regularly audit each partner to guarantee the label’s 
certified food supply chain. Because of the complexity of this process, several problems 
in the information flow arise. First, it is difficult to trace a finished meat product back 
to a specific animal as the identification system is not yet foolproof. Second, to track 
the entire process, all partners in the food supply chain need to store relevant documen-
tation (often paper-based) for the disclosure of selected product histories on request. 
This makes the auditing process time-consuming as information is scattered among 
many supply chain members. Third, coordination of the entire verification process is 
problematic because each player might use a different database and there is no shared 
system implying that an auditor has to visit each production site in person every second 
year to certify the label’s requirements. A fourth issue is that owing to a lack of trans-
parency on product level, only supply chain members are certified and not the actual 
products themselves. 
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4.2 Artifact Development 

The pharma artifact implements a private blockchain-based application built on Hy-
perledger Fabric whose architecture is shown in Figure 2. The selection of a private 
blockchain was an essential criterion for the multinational company to maintain full 
control over access and development of the system as well as to allow for private trans-
actions between its network members. In the application, a predefined membership ser-
vice manages access rights to a shared information system for all supply chain partners. 
Once all network partners have access to the system, each step in the supply chain needs 

to be communicated and validated through the blockchain network. Raw material sup-
pliers register their materials in the blockchain which then can be transferred by trans-
portation companies to the manufacturers. Each manufacturer selects the raw materials  
required and registers its manufactured products as new assets on the blockchain. Once 
registered, these new products can be transferred again to the next supply chain partner, 
who again selects the required materials and registers its newly manufactured products 
on the blockchain. Ultimately, every stage from raw material supply to finished product 
is recorded on the blockchain. A regulator or client is, therefore, able to trace the entire 
history of a product along the supply chain using one system.  
In addition to monitoring the flow of tangible goods, the artifact has two further 

benefits. First, by storing a cryptographic hash of essential documents on the block-
chain, users can verify the authenticity of certificates, batch documents, or invoices in 
a tamper-proof environment. Second, by connecting a Raspberry Pi 3 to the artifact, it 
is possible to record temperature during transportation and to send the data via mobile 
communication to the blockchain. Based on the immutable chain codes (smart con-
tracts), shipment conditions can be continuously monitored, and if, for example, a tem-
perature deviates from a predefined range, the application sends an automatic e-mail 
alert to the shipper and the consignee. 

 

 
 

Fig. 2. Architecture of the pharma artifact based on Hyperledger Fabric. 
Everything is secure and only accessible by authorized members. 
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In contrast to the pharma company, full transparency and less system control were no 
issue for the small, regional food label. Their network incorporates many small hetero-
geneous players with non-standardized databases. The label artifact consists, therefore, 
of a blockchain-based platform that gives everyone in the supply chain network (from 
the consumer or small farmer to large enterprises) easy access to a documentation 
system. As shown in Figure 3, the artifact is based on Ethereum, where each partner can 
use an asset registry contract that creates a new smart contract for each asset (e.g., a 
cow). This creates an immutable entry for every asset in the system which can be mapped 
to existing identification systems, e.g., earmarks. Once registered on the blockchain, 
ownership of the smart contract (asset) can be transferred only by the current owner to a 
new owner. In this way, the ownership history of the asset is recorded and can be traced. 
Once the asset arrives at a production site (e.g., the butcher), it can be further processed 

into new assets (e.g., steaks) by the new asset owner. For that purpose, the “parent” smart 
contract creates new “child” assets which, in turn, can be further processed along the 
supply chain. This processing is equipped with different control-mechanism enforced by 
the “parent” smart contract; for example, only the owner is allowed to process an asset, 
and a newly created asset may not have a higher weight than its parent. Such mechanisms 
allow for plausibility checks along the supply chain. Finally, end-consumers in the 
supermarket have the option of scanning a QR-code to access the entire supply chain 
history of their purchase. 

5 Discussion 

5.1 Reflection & Learning  

Based on the development and implementation of blockchain-based artifacts in the  two 
supply chains, we suggest that blockchain technology can provide an effective way to 
improve on multiple issues.  

 

 
 
Fig. 3. Pharma artifacts allows everyone to access the asset registry 
contract stored on the publicly accessible Ethereum blockchain. 
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First, it can tackle the lack of visibility. Specifically, it increases visibility within the 
supply chain and allows companies to exchange information across the entire network. 
Further, due to the facilitated exchange of information and the digitization of paper-
based processes, there should be an overall increase in the efficiency of daily opera-
tions. Second, it improves the auditability of all kind of supply chain processes. In eco-
nomic sectors confronted with high-quality standards and many legal regulations, it is 
crucial to offer an immutable audit trail of information. Blockchain-based document 
verification creates the basis for an efficient, detailed, digital auditing process. This 
suggests a further opportunity for the label supply chain; it is now possible to create 
audit trails (and therefore certificates) at product level rather than only at the producer 
level. Third, blockchain technology allows smart contracts to monitor and enforce 
agreements between supply chain partners autonomously, for example, by imposing 
penalties in the case of deviation from a predefined temperature range during transpor-
tation. Fourth, based on our observations, we believe that disintermediation is possible. 
The products from both companies in our study rely on external certification authorities 
to be checked and verified. By using a blockchain, it is possible to reduce this depend-
ency on external auditors thanks to a shared data system giving authorities and consum-
ers direct access to an immutable audit trail. 
Besides the potential for overcoming the identified supply chain issues, our artifacts 

also revealed some technical limitations. In the publicly accessible Ethereum block-
chain, transaction fees can be quite substantial although throughput is rather low. The 
private Hyperledger Fabric platform improves on this by using a different consensus 
mechanism resulting in fast transactions and no fees. Due to these technical issues as 
well as the economic possibilities of the two companies, we were confident that the 
pharma artifact could be further developed and implemented in the daily operations of 
the pharma network at a later stage. However, to our surprise, the pharma company 
abandoned the project entirely in June 2018, whereas the food label association showed 
interest in developing the artifact further. 

5.2 Formalizing the Learning 

Even though the different reactions from the two companies were difficult to under-
stand initially, we eventually arrived at several new research hypotheses. First, to ma-
terialize the advantages of blockchains described in the previous section, it is not suffi-
cient simply to implement the technology, since the technology per se enables only a 
technological infrastructure. To exploit the full potential of blockchain-based networks, 
the governance aspects of these decentralized systems [12], as well as standards [36] 
and incentive structure [37], play a significant role. A shared information system re-
quires a specific set of rules about how to develop the system, who has what rights, and 
how to integrate new members. The development and implementation of such decen-
tralized blockchain governance are much more difficult in a strongly centralistic and 
hierarchic supply chain with a high degree of asymmetric power and interest distribu-
tion. In contrast, a decentralized network structure – such as the supply chain of the 
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food label association – with flat hierarchies and symmetric interest distribution repre-
sent a promising initial situation for the successful creation of a governance structure 
for a shared blockchain system. 
Second, the supply chain needs to share a strategic interest to increase its transpar-

ency and auditability; the entire business model of the food label association relies on 
these characteristics. By contrast, a trade-off between efficient information exchange 
and privacy prevails in many other businesses. As long as companies fear losing out if 
they disclose information, greater transparency in supply chains will be hard to achieve.  
Based on these two hypotheses, we propose a research agenda for future studies. 

Whereas the normative literature suggests some research directions for blockchain gov-
ernance [39], our research agenda is clarly motivated by two practical applications. First 
and most importantly, further studies should focus on governance mechanisms in block-
chain-based applications and networks. How can decentralized systems be coordi-
nated? What are the structural pre-requisites for successful blockchain implementation? 
Second, in most industries, transparency is viewed more as a threat than an asset. It 
would be interesting to investigate further the “business model” for transparency in 
traditional companies. How can current business models be modified so that transpar-
ency and collaboration become worthwhile goals? What is needed from a business per-
spective for companies to be willing to invest in the potential benefits of blockchain 
applications? Third, even though we worked with companies and observed practical 
applications, it is still necessary to see other such systems operating in real-world situ-
ations. Further studies of operational applications are needed to incorporate additional 
factors from practice into the analysis to understand better the circumstances under 
which a blockchain-based supply chain application can be successfully implemented. 

6 Conclusion 

In this paper, we have studied the application of blockchain technology in SCM using 
two developed artifacts. In doing so, we contributed to the literature in two ways:  
First, our artifacts show that, depending on the specific application, blockchain tech-

nology can overcome supply chain issues such as visibility, auditability, automation, 
and intermediaries. Common to all blockchain-based applications is an acceleration of 
digitization due to the need for a shared and trusted IT infrastructure in the supply chain 
network. These findings have enabled us to answer our research question (“Can block-
chain technology help overcome issues in the current information flow for supply chain 
networks?”) in the affirmative.  
Second, as a result of our artifacts, we could see that blockchains are only beneficial 

if they are implemented in a supply chain which has already a decentralized organiza-
tion, and a business strategy that supports transparency and auditability. Without that 
premise, it is a challenge to tackle the incentive and governance issues arising from 
blockchain technology. In our case, only the food label supply chain already offers the 
prerequisite decentralized structure with the result that only this case will be developed 
further.   
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Consequently, we expand on the normative literature and propose a research agenda 
motivated by two real-world use cases for studying blockchain technology in SCM with 
a stronger focus on governance mechanism and transparency issues in blockchain-
based networks and applications. Additionally, more real-world implementations of 
blockchain-based supply chain solutions need to be studied to create further insight into 
where and when this new technology can be successfully implemented. 
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