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Abstract
As a response to the environmental, social and economic malfunctioning of the conventional
food system, alternative food networks and innovative data solutions focused on sustainability,
transparency and trust, are gaining attention. Within this research, the relatively new
application of blockchain technology in short food supply chains is analyzed in terms of its
opportunities and challenges it currently faces. Due to the multi-dimensionality and complex
nature of food systems, this research makes use of the Multi-Level-Perspective and Strategic
Niche Management literature to offer a systemic understanding of the relation between
blockchain, short food supply chains and the food transition in general. The overarching
research question “what is the potential of blockchain technology in strengthening short food
supply chains?” is answered through a single case-study on a Dutch blockchain-short food
supply chain project. The findings show that the potential of the technology is high in theory,
yet the technology currently is still too immature to realize the proposed benefits.
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1. Introduction
To achieve a food system that works within the planetary boundaries while also providing the
livelihood of the rapidly growing human population, a transition towards a more sustainable
food system is needed. Experiments with alternative food systems and innovative technological
solutions are increasingly seen in theory and practice. This thesis will contribute to the
understanding of how blockchain technology can drive the needed transition within nonconventional, short food supply chains. Functioning as both a digital transaction logbook and
a digital product passport, blockchain technology could be used to increase the transparency
and trust among players in the supply chain (Ge et al. 2017) while also offering end consumers
a detailed view of a product's origin and the production, storage and delivery processes
(Domínguez & Roseiro 2020).
1.1 Issues of a globalized food system
From a political-economic perspective, conventional global agri-food supply chains are marked
by high concentrations of power at the retailer's end (Richards 2013). What started in the 1960s
in the US and Europe, fundamental socio-economic and technological developments (e.g., the
rise of mass consumption and the green revolution) have contributed to the emergence of
globalized food systems that are characterized by long and complex supply chains dominated
by retailers (Burch & Lawrence 2005; Benton & Bailey 2019). Taking the Netherlands as an
example, there are 65.000 farmers which are contingent on 5 large retail corporations (PBL
2012). The dependence on retailers makes it difficult for farmers to market the additional costs
of sustainable production techniques given they have little bargaining power (Tundys &
Wisniewski 2020). In this regard, Renting (2003) pointed out how “a decreasing proportion of
total added value in food production is captured by primary producers” (p. 398) within the long,
complex and industrial supply chains. And so, while it is the farmer who is at the fundamental
basis of a sustainable food system, the current position of many farmers demands them to
employ intensive and unsustainable agricultural methods in order to maximize what is left of
their profits.
1.2 Value creation through short food supply chains and blockchain technology
Within this research, the focus lies on the potential of blockchain applications in an alternative
food network called the short food supply chain (SFSC). While such supply chains have long
existed, they are now again being considered as viable solutions to externalities of a globalized
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food system (Galli & Brunori 2013). Although academic literature does not show a universal
definition for all SFSC’s, they are alike in that they share (1) geographical proximity between
the producer and the consumer and (2) a reduced number of chain intermediaries (Kebir &
Torre 2012). Barbosa (2021) notes that the shortening and regionalizing of food supply chains
can bring cost reductions, environmental benefits, health benefits and stronger cultural bonds.
Particularly interesting for this research is the added value of agricultural products that
originate from SFSC’s because of the intrinsic qualities of food such as localness and freshness
and the closer producer-consumer relationship. In this regard, Van der Ploeg (2000) noted:
“there is a general trend towards ‘short-circuiting’ long, complex and rationally organized
industrial chains by constructing transparent chains in which the product reaches the consumer
with a significant degree of value-laden information about its provenance and quality
attributes'' (p.399). Moreover, a recent advice of the Dutch Board of Government Advisers
(Strootman 2020) pointed out that short food supply chains can increase the value of the food
which is currently demanded in order for farmers to employ more sustainable farming methods.
The SFSC can in this way be seen as an impetus for farmers to realize healthier farming
methods.
Yet, more can be done for a greater acknowledgement of the added social, economic
and ecological values of products that originate in short food supply chains. With respect to
both the revaluation of locally produced food as well as making supply chains more equitable,
the application of blockchain software in supply chains is speculated to be a promising
technology (Montecchi, Plangger & Etter 2019; Kumar, Liu & Shan 2020). Moreover,
literature on supply chain management underlined the unused potential of information and
communication technologies in terms of overcoming issues in agri-supply chains (Frits &
Schiefer 2008). Blockchain, functioning as a decentralized digital ledger that facilitates
transparent and secure peer-to-peer transactions (Xiong, Dalhaus, Wang, & Huang 2020) may
potentially overcome these issues when applied throughout supply chains.
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1.3 Research questions and structure
Given that the implementation of blockchain technology is argued to bring significant
improvements to supply chains and SFSC’s are currently on the rise to create more sustainable
food systems, it was deemed relevant to study if and how blockchain technology can contribute
to the expansion of SFSC networks. Therefore, the main question that is asked within this
research is: What is the potential of blockchain technology in strengthening short food supply
chains? To answer this question, this research has carried out a descriptive case-study of a
blockchain proof-of-concept project in a short food supply chain. The aim of this research was
to explore the opportunities and challenges that blockchain technology currently faces in
SFSC’s to evaluate the potential of the technology. The decision to study SFSC’s is grounded
on the fact that a transition towards a more sustainable food system is needed and that this
particular food network is gaining attention as a more sustainable alternative to conventional
food systems. For an improved understanding of sustainable food systems through SFSC’s and
of blockchain technology itself and its values for SFSC’s, the following two sub questions are
answered by the means of a literature review in the next chapter:
● How do short food supply chains contribute to a more sustainable food system and
what are the challenges?
● How does blockchain technology work and how can it be of value in short food supply
chains?
Followingly, the research presents a theoretical framework based on transition literature which
is chosen because it enables a systemic understanding of the transition at hand. Subsequently,
the methods of the research are explained and lead to the analysis part of the research in which
the following sub questions are asked in chapter 5.1, 5.2 and 5.3, respectively.
● How is blockchain technology currently applied in SFSC’s in practice and what are the
bottlenecks?
● How do practitioners perceive blockchain technology in terms of added values and
barriers?
● What is the potential of blockchain technology to become widely adopted in SFSC’s?
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2. Literature review: SFSC’s and the role of blockchain technology
Since the food transition is the overarching theme of this research, the first step is the creation
of a better understanding of the specific values that SFSCs offer as more sustainable food
systems. Next, the different types of SFSCs and challenges of short chain structures are
discussed with regard to the expansion of these food networks. Subsequently, it is explained
what exactly blockchain technology is and how it offers a possible answer to these challenges.
2.1 The relevance of the SFSC for sustainable food systems
For several decades already, short food supply chains and localized food systems are gaining
increasing attention by academics, practitioners and governments. Creating shorter food chains,
which involve “a limited number of economic operators, committed to cooperation, local
economic development, and close geographical and social relations between producers,
processors and consumers” (Augère-Granier 2016, p.3), is argued to bring a variety of societal
benefits. Among these benefits are a greater social cohesion through reconnecting communities
to the local food production areas as well the stimulation of mutual trust and a closer connection
between the producer and consumer. Moreover, SFSC are known for bringing forth fresh and
high-quality foods which are associated with positive health effects (Sellitto 2018). Thereby,
cutting out conventional, value-capturing intermediaries increases the capacity for farmers to
use more environmentally sustainable production methods (Todorovic et al. 2018). Moreover,
it is argued that SFSC’s stimulates the cooperation between local businesses and brings new
jobs in food production and processing, which make SFSC’s of special economic value for
peripheral and less developed regions (Augère-Granier 2016). Given these associated social,
environmental, economic and public health benefits of this alternative type of food network,
the SFSC seems to resonate with the characteristics of a sustainable food system of which Story
Hamm & Wallinga (2009) propose the following definition: “A sustainable food system can
be defined as one that provides healthy food to meet current food needs while maintaining
healthy ecosystems that can also provide food for generations to come, with minimal negative
impact to the environment; encourages local production and distribution infrastructures; makes
nutritious food available, accessible, and affordable to all; is humane and just, protecting
farmers and other workers, consumers, and communities’’ (p.223).
With the relevancy of SFSC’s in achieving a more sustainable food system now being
clear, this paragraph creates an understanding of different forms of SFSC’s that can be seen in
practice. A framework by Renting et al. (2003) distinguishes three types of SFSC’s on the basis
6

of closer to more extended consumer-producer relationships, respectively. The most direct type
is the face-to-face SFSC, in which the end-consumer buys products directly from the farmer
(i.e., in the form of roadside markets, farmer’s shops). The following type is the proximate
SFSC, where intermediary actors (such as food distributors, local shops) are involved. Here, a
less direct relationship between consumer and producer exists but a middleman typically fulfils
the role of guaranteeing the product's authenticity (Fondse 2012). Lastly, the authors point to
extended SFSC’s. While the amount of chain actors is still limited in this type, these chains are
more dependent on “institutionalized conventions, codes and mediators” (Renting et al. 2003,
p.400) to guarantee the products authenticity while making a larger and more distant producerconsumer network possible. A comparable typology by Peters (2012) focuses more on the
structure of chain networks. The author distinguishes between direct sales (corresponding to
face-to-face SFSC’s); collective sales, where multiple producers sell products in collective
selling outlets, and lastly partnership SFSC’s; these compromise more diverse collaborations
between stakeholders such as producers, supportive organizations, public sector and a network
of consumers. This type of SFSC allows for more strategic approaches which enable more
opportunities for SFSC actors and may reinforce the various beneficial effects of SFSC’s to
local regions (Peters 2012).
2.2 Challenges for the up-scaling of SFSC’s
As a newly emerging food network, SFSC-structures still face various challenges that need to
be addressed in order to be more effective and more competitive compared to conventional
food networks. For example, low economies of scale and the relatively high logistic cost are
clear obstacles for SFSC’s (Todorovic et al. 2018). Moreover, developing effective
collaborations such as collective sales SFSC’s and partnerships SFSC’s require much time and
effort as trust needs to be established between businesses that traditionally were seen
competitors to each other (Peters 2012). Thereby, although the general consumer demand for
local and more sustainably produced food has notably increased (McFadden 2013), consumers
want to be assured of the ‘value for money’ regarding environmental, social and health
‘benefits’ of products that originate from SFSC products (Peters 2012). The development of
adequate marketing schemes where consumers are properly engaged with such product
characteristics is therefore argued to be a serious challenge (ibid.). Especially in less direct
forms of contact, such as in proximate and extended SFSC’s, it is more difficult to appropriately
transfer the message about the provenance and authenticity of local products. Peters (2012)
also points to the commercial exploitation of the labelling and marketing of food as ‘local’
7

which creates skepticism among consumers about the authenticity of this localness. In line with
this, consumer trust has proven to be a crucial factor in the decision to buy from SFSC’s, which
can be strengthened by increasing transparency in the food chain and minimizing asymmetric
information (Giampietri et al. 2018). Furthermore, among the distributing parties in SFSC’s,
there is still a noticeable lack of knowledge of how small-scale farmers operate and lack
information on ordering times and available quantities, impeding the development of robust
SFSC networks (Peters 2012). To conclude; while SFSC’s undoubtedly face more issues than
discussed here, these barriers learn that these food networks may be toughened by improving
trust and collaboration between local businesses, strengthening producer-consumer
relationships and by more effectively transferring information on product characteristics and
sustainability benefits to the consumer. The following sections will elaborate on blockchain
technology and its application in supply chains
2.3 Blockchain technology: distributed data system with potential for supply chains
Since the mid 2010’s, managing supply chain data through blockchain technology (BCT)
started to receive public attention because of its potential to overcome issues of transparency,
traceability and trust that characterize many of today’s value chains (Francisco & Swanson
2018). For food supply chains, BCT is seen as a potential tool to improve the position of
farmers, create transparency in the supply chain and display the environmental and ecosystem
services related to (local) food production (van Wassenaer, van der Meij & Kempenaar 2020).
To understand how BCT catalyzes these effects, understanding the technological mechanisms
of BCT is necessary. This is therefore explained in the following section. Following, the
shortcomings and challenges of the technology are elaborated on. Subsequently, the enhanced
understanding of both BCT and SFSC’s allows for a hypothesis of the specific values that BCT
can offer to SFSC’s.
What about blockchain technology
Falling under the category of distributed ledger technologies, BCT can simply be understood
as a data system that has no central owner but rather is collectively shared by a network of
actors in a digital cloud. More technically, blockchain is a synthesis of three technological
applications; a distributed database, a consensus mechanism and cryptography (van Wassenaer
et al. 2020). The decentralized database is composed of a linked sequence of blocks that contain
information (e.g., a transaction log between a farmer and a retailer) and also facilitate space to
store additional data. Every block in the chain is secured by a cryptographic encoding in the
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form of a hash that is unique and contains the information in that block. Before a new block
can be added to the chain, the hash code of this block needs to be checked and validated by all
actors in the network community. This creates a decentralized consensus mechanism - which
is a key feature of BCT as it removes the need for a trusted third party to check the integrity of
the system (Yaga et al. 2019). Moreover, each block in the chain also contains the hash code
of its previous block. This means that if the data of a block is altered later on, the chain will
“break”, given that the original hash code no longer matches the content of that block.
Therefore, once a block is added, the information in that block cannot be altered anymore,
creating immutability of the recorded information (Seebacher & Schuritz 2017).
The decentralized structure and security of information of blockchain systems make it a
suitable technology for the management of data in supply chains. The figure below visualizes
how the technology can create a structural change from a linear to a circular exchange of
information where all chain actors are taking part in a shared database.

Figure 1. Sharing information in
conventional supply chains and in
blockchain-based supply chains.
Adapted from Saberi (2018)
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2.4 Opportunities of blockchain data systems for SFSC’s
This section explains in what ways blockchain can be of value for SFSC’s and displays an
overview of the findings of this chapter.
Using BCT as a central system throughout the supply chain to collect, store and manage
data can bring security, transparency and trust to supply chains (Saberi 2018). More
particularly, a value that blockchain transparency offers to SFSC’s is the opportunity for
consumer to check the provenance and authenticity of products, of which one way is the
creation of a blockchain-based ‘product passport’ that shows such information. Blockchain can
in this way respond to the consumer that want to see the ‘value for money’. Moreover, increased
product transparency possibly attracts more attention to the benefits of local of products,
contributing to the appreciation of SFSC’s. Thereby, increased supply chain transparency can
stimulate consumer trust, which is an important factor in their decision to buy products from
SFSC’s (Giampietri et al. 2018). The decentralized nature and the consensus mechanism of
blockchain system is useful for these chain types given it brings safety and integrity to the data
in the supply chain (Rana et al. 2021) which may overcome trust issues between chain actors
and stimulate collaborations to take place. Table 1 summarizes the identified values of
blockchain data systems that may overcome several of the mentioned barriers of SFSC’s.
Table 1. Overview values of blockchain systems for SFSC’s

Characteristics of blockchain data systems

Values for SFSC’s

Transparency and traceability of recorded

Safeguards information on the origin, authenticity and possibly

data

environmental aspects of product. Useful to display the ‘value
for money’ for consumers.
Enables a stronger connection between the producer and
consumer (in case of proximate and extended SFSC’s) which
enhances consumers trust
Reduces problems of asymmetrical information as all
participators can view the recorded information and in this way
may overcome trust issues between chain actors.

Distributed database with a decentralized

Ensures safety and authenticity of supply chain data which

consensus mechanism and data immutability

reduces costs of security in supply chain management (Ivanov
et al. 2018).
Ensures integrity of the recorded supply chain data which
facilitates trust between actors (Kumar et al., 2020)
Facilitates the exchange of knowledge between chain actors.
For overcoming knowledge deficits and making SFSC’s more
robust
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3. Theoretical Framework
In this chapter, a theoretical basis is formed by placing several valuable theories from transition
literature in the perspective of the food transition and blockchain. First, while using the food
transition as illustration, a general description of transition literature will be given. Hereafter,
the multi-level perspective model and strategic niche management theory will be discussed and
presented as analytical tools to evaluate the roles of BTC and SFSC’s in the food transition in
Chapter 5.3.

3.1 Introduction to transition science
Understanding the processes that underlie transitions towards a more sustainable society is the
central topic of transition literature. By analyzing historical societal transitions and paying
attention to system dynamics (Van der Hoeven 2010), transition science attempts to improve
our knowledge and grip on social transitions. Within the field, transitions are viewed as
transformations of socio-technical systems that occur in response to complex societal issues
(Loorbach & Rotmans 2006; van der Hoeven 2010). In managing transitions, an
interdisciplinary and holistic approach is required since transition processes take place on
different societal levels and various dimensions simultaneously (e.g., political, economic,
ecological, technical and cultural dimensions).
Food systems, as described by the United Nations, consist of: “... the related resources,
the inputs, production, transport, processing and manufacturing industries, retailing, and
consumption of food as well as its impacts on environment, health, and society” (UN 2021;
p.5). This notion illustrates how food systems can be seen as multidimensional and complex
systems with interrelation between the different social, environmental, health, and economical
aspects of food. In a practical sense, the sustainability transition of the Dutch food system
requires revisiting cultivation techniques, supply chain structures, agricultural policies but also
changes in cultural practices (Strootman 2018) To get to grips with this multifaceted transition
and the position of blockchain herein, the next section applies the ‘Multi-Level Perspective’
transition framework of Johan Schot and Frank Geels.
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3.2 The Multi-Level Perspective
The Multi-Level Perspective hypothesizes that societal transitions result from interactive
processes on three relational levels: the socio-technical landscape, the socio-technical regime
and niches (Geels 2002; Schot & Geels 2008). The socio-technical landscape is shaped by
exogenous trends, e.g. demographic changes, political developments or climate change (Bilali
2018). The regime level refers to the socio-technical system as mentioned in the previous
section. According to the authors of the MLP, the socio-technical regime consists of three
elements: “(i) a network of actors and social groups, which develops over time; (ii) the set of
formal and informal rules that guide the activities of actors who reproduce and maintain the
elements of the socio–technical system and (iii) the material and technical elements” (Lachman
2013: p.271). The niche level is where innovation activities take place in incubative areas
isolated from regime structures (Geels 2004). Ultimately, transitions come about when nicheinnovations gain momentum for change, while landscape changes pressurize and destabilize
the socio-technical regime, creating a window of opportunity for niches-innovations to take up
a part or replace the incumbent regime (Van der Hoeven 2010; Bilali 2018).

Figure 2. The Multi-Level
Perspective on Socio-Technical
Transitions. Source: Geels & Schot
(2007, p. 401)
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3.3 Strategic Niche Management as a tool for analysis
To better understand the determining processes why certain technological innovations succeed
while others fail, Strategic Niche Management (SNM) was developed as an adequate analytical
approach in the late 1990’s (Kemp & Schot 1998). As defined in one of the early projects where
in it was used, SNM is “(...) the creation, development and controlled phase-out of protected
spaces for the development and use of promising technologies by means of experimentation,
with the aim of (1) learning about the desirability of the new technology and (2) enhancing the
rate of application of the new technology” (Kemp, Schot & Hoogma 2002; p.9). While this
definition mainly emphasizes the actions of SNM in a practical sense, these practical actions
are substantiated by a comprehensive theoretical basis. Being built upon the insights of the
multi-level-perspective, SNM also makes a distinction between niche spaces and sociotechnical regimes. In this regard, whenever the selection environment of the incumbent regime
becomes unstable due to landscape pressure, a window of opportunity may open up which
subsequently triggers niches to be adopted and incorporated in markets (Astley 1985).
Another important aspect of the SNM approach is that the concerned experiments are new or
radical in terms of creating new technologies (or new markets) and aim at causing system
change (Mourik & Raven 2006). In SNM experiments, there is an explicit aim of stimulating
co-evolution of both the technology (niche) and the market (regime) in order for the innovation
to enter the market.
When grasping the insights from the SNM literature, one can learn what type of niches
exist, how niches are created and under what conditions they should be created, but also what
internal niche processes are essential to the successfulness of a niche in actually causing system
change. Since these three elements are valuable in the analysis of blockchain initiatives in short
food supply chains, these will now be discussed.
3.3.1 Different types of niches
This section overviews the 3 different types of niches that are seen back throughout SNM
literature. First, a distinction is made between market niches and technological niches. These
two differ from each other in the sense that market niches involve new technologies that already
operate within the selection environment of a specific market. Technological niches refer to
new technologies that are protected from the market environment by economic support (e.g.,
government grants, supportive policies) since the advantages do not yet outweigh the costs of
the technology. A third type of niche is the experimental project. This niche type is considered
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as the first phase of niche development which often consists of several local experimental
projects that are moderately connected to each other. Geels and Raven (2006) argue that the
aggregation of the shared knowledge and learning processes that takes place in and between
such local projects, empowers the emergence of rules, expectations, theories and standards on
a global level which contribute to the formation of technological trajectories necessary for
niche development.
3.3.2

Creating successful technological niches

Following Mourik and Raven (2006) in their comprehensive overview of SNM theory, there
seem to be several authors which all have made contributions on the topic of strategic niche
creation. In this topic, the conditions for creating potent niches are studied.
For the creation of successful niches, Caniels and Romijn (2006) emphasize the
following five preconditions which are reproduced from their original article:
● The availability of sheltered spaces for incubation;
● The possibility for continuous evaluation and incremental improvement of the
technology;
● The technology must exhibit possibilities for capturing temporal increasing returns or
learning economies;
● The new technology should be open to development into different directions;
● The new technology should be favoured in certain applications due to its advantages,
to such extent that its disadvantages count less.
Followingly, Mourik and Raven (2006) identify two more preconditions that are necessary for
experimental projects to evolve towards the level of technological niches where a larger
network of interacting actors is present. Adopted from their article, these preconditions are:
● The availability of sufficient powerful actors that are willing to participate in the local
project;
● The presence of a network coordinator that is able to elicit the voicing of expectations,
and map these with mapping tools to highlight complementarities, gaps, lacking details
and specificity.
3.3.3 Three fundamental processes for niche development
Throughout SNM literature, three different niche processes are distinguished that are most
important for the niches to develop successfully and eventually breakthrough. These are viewed
as determinant processes and have to do with the coupling of visions and expectations of a
14

technology; the forming of networks wherein technological experiments take place and lastly;
the enabling of reflexive learning when experiments are carried out. These processes will now
be explained by combining insights from several SNM scholars (Mourik and Raven 2006;
Kemp et al. 2002; Raven 2005)
Proces 1: The coupling of visions and expectations
When new technologies are still in an early stage of development, the prospects and
expectations of these technologies play a crucial role in the amount of time, effort and money
that will be invested by actors (Raven 2005). In an early phase, these visions can be seen as the
promises of the new technology in terms of what problem it solves and how the benefits are
built up. When the visions and expectations of many actors become aligned and coupled, they
become a powerful element in niche development (ibid.). Besides that expectations become
more robust when they are shared by a greater number of actors (Kemp et al. 2002), Raven
(2005) argues there are two more characteristics that can enhance expectations: the quality of
expectations (validated by research and experiments) and the specificness of expectations (what
are the steps to be taken and who should take them).
Process 2: The forming of social networks
A second process essential for successful niche development is the forming of social networks
around technological experiments in which different types of actors participate (e.g. producers,
policy makers, users, societal organizations, universities) (Raven 2005). A large and diverse
network of involved actors in technological experiments enables the coordination of activities
and division roles between actors (Mourik and Raven 2006). Thereby do networks function as
a platform on which the development is sustained, the expectations carried and where new
requirements or challenges are formulated.
Hoogma (2000) identified two main network characteristics that seem crucial for solid
niche development. First, the composition of a network: required is a diverse network of actors
that are capable and willing to invest time and effort in experiments (Hoogma 2000; Hermans,
Apeldoorn, Stuiver & Kok 2011). Secondly, the alignment of activities in networks:
expectations and visions are likely to differ among different network actors, hence, for stable
networks, it is important that the expectations become as much aligned as possible (Raven
2005).
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Process 3: Enabling (reflexive) learning processes
Thirdly, the extent to which learning processes in technological experiments are encouraged
and take place is another crucial factor for a niche’s development. Learning processes should
be aimed at analyzing experiments thoroughly and in a broad sense; besides analyzing the
technology itself, aspects such as surrounding legislation, infrastructures and user preferences
also need to be studied and learned from (van der Hoeven 2010). Such learning processes
should be an active goal of niche networks in order for the technology to adjust and become
aligned with regime structures (Mourik and Raven 2005). SNM literature thereby distinguishes
between two types of learning: first and second order learning. First order learning entails the
learning processes that cover the instrumental issues of the technology, e.g., improving
effectiveness or usability. Second order learning involves a broader perspective in which the
conceptual aspects (e.g., bettering of the concept) and social aspects (e.g., societal beliefs,
responsibilities, expectations) of the technology are studied. The presence of second order
learning in an actor network that is broad and diverse is considered as a prerequisite for system
change to occur (Mourik and Raven 2005).
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4. Methods
This chapter discusses and substantiates for the methods of research and data sources that were
used in answering the main research question “What is the potential of blockchain technology
in strengthening short food supply chains?”.

4.1 Qualitative research and a descriptive case-study
To provide a comprehensive answer to this question, a qualitative, descriptive case-study has
been carried out which was part of a 3-month research-internship at a Dutch SFSC-initiative
called Local2Local (see appendix for a description of the organization). The qualitative
research method fitted in well with the explorative nature of the research and provided a means
to create a deeper understanding of the opportunities and barriers of BTC implementation. The
explorative approach was in its place chosen because there is still little knowledge and
experience with the application of blockchain specifically in short food chains.
Furthermore, this research has zoomed in on a single case where blockchain is implemented in
a supply chain of locally produced fruit juice. The advantage of carrying out a single case study
was the ability to make a deep dive into one blockchain project and extract a great amount of
information out of this case. Although this single case-study has provided valuable insights
into the reality and state-of-the-art blockchain developments within SFSC’s, the fact that the
research is based upon a single case also created several limitations. As indicated by Willis
(2014), single case-studies generally have a low external validity and generalizability given
that the findings are deduced from a single situation with its own context. Secondly, single case
studies often involve a more freeform approach which undermine the reproducibility of the
research. This freeform approach was also the case in this study as the research process mainly
involved collecting as much valuable sources of information as possible.
The collected data for the analysis consist of (1) interviews with the staff from the SFSC
organization Local2Local, (2) a discourse analysis on existing interviews with farmers about
their visions on blockchain technology and (3) an expert interview with a blockchain specialist.
Thereby, a desk research was conducted that made it possible to create the previous theoretical
chapters on BTC, SFSC and transition theory.
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4.2 Operationalization
To investigate the potential of blockchain applications in short food chains, this research makes
use of a combined theoretical framework consisting of multi-level-perspective model and
strategic niche management concepts. The integration of elements of multiple transition
frameworks is done to benefit from their different analytical strengths (Bilali 2020). As
discussed in chapter 3.3, SNM proposes a set of pre-conditions and internal niche processes
that are important to the success of a niche. In this research it is assumed that these
preconditions and internal niche processes also play an important role for the success of
blockchain within SFSCs. Chapter 5.3 therefore analyses the potential of the BTC-niche and
describes the dynamics of BTC-niche and the SFSC-niche using the MLP model.
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5. Analysis
5.1 Blockchain for SFSC’s in practice: the case of Utregs Supersap
In this subchapter, a descriptive case-study of a blockchain proof-of-concept (PoC) project
carried out with the aim to better understand how BTC is currently applied in practice. The
opportunities and challenges for blockchain in the use-case of ‘Blockchain for Utregs
Supersap’ are discussed in the following sections, starting with a contextual paragraph and a
supply chain mapping.

5.1.1 Case description
First of all, the supply chain of Utregs Supersap can be defined as a SFSC given the limited
number of intermediaries and the regional nature of production and consumption. The chain is
of the partnership-SFSC type, given that a diverse network of organizations joins forces and
Local2Local tries to strengthen the entire network as a supportive organization.
Because William Pouw is a farmer who has opted for natural ways of production (i.e.,
a nature inclusive approach), Local2Local became interested in applying blockchain in this
chain to the consumer as to show the values of his locally and biologically produced juice.
Providing insight into the sustainability effects (e.g., carbon footprint, food miles) while also
increasing trust between the farmer and consumer were some aspects that the company had in
mind to achieve with the blockchain platform. The ultimate goal was to increase the value of
the product in the chain, by means of blockchain-enabled chain transparency. The project
started completely from the ground up with Local2Local collaborating with IT companies Food
insights and VAA data to develop a blockchain software suitable for this specific supply chain.
Government financing through the Dutch ministry of Agriculture, Nature and Food Quality
(LNV) thereby made it possible to develop the software. The resulting multi-stakeholder
collaboration led to creation of the blockchain platform ‘SmartShortChain’. The following
section elaborates on the fruit juice supply chain where the platform was initially developed
for.
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5.1.2 The supply chain of Utregs Supersap
Figure 1 displays a simplified model of the Utregs Supersap supply chain. The chain starts with
the input of trees and other resources that are required for the farmer to grow apples and pears.
When the fruit is grown and harvested, the badges are transported to a sorting company which
separates the fruit in three categories: A-quality, which is distributed to supermarkets; Bquality, which is of a somewhat less quality yet suitable for making the juice; C-quality, which
is the rotten fruit used for making animal feed. The B-quality is transported to a juice press
company that presses and bottles the juice. Followingly, the bottled juice is transported back
to William Pouw who sells its to local retailers Makro and Local2Local. From here the juice
can be bought by consumers which in a typical situation originate from Utrecht.

Figure 2. Visualisation of the ‘Utregs Supersap’ supply chain.
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5.1.3 Two phases of the Proof of Concept blockchain project
Phase 1: Preliminary research and involving all chain actors
At the start of the project, the first activities that came into play included mapping the supply
chain and engaging with chain actors. Thereby, this preliminary research included collecting
information on aspects such as growing methods, soil properties, nutritional facts on the
products, etc. In determine the most user-meaningful product information, a consumer research
was conducted. Another activity in this phase was creating an insightful cost structure of the
chain as this was perceived as valuable information for consumers which could increase value
of the chain. Moreover, creating an insightful display of the product's properties that takes into
account the lack of consumer-understanding of agricultural was experienced as a difficult
process which was crucial to the vividness and comprehensibility of the product passport.
Other activities in this phase included establishing contact with the different chain
actors. To gain knowledge on all of the steps in the production processes of the chain and
identifying what activities had to be included in the blockchain required a lot of communication
with all the involved parties. The trusted bond between Local2Local and the different chain
actors played a crucial role in the entire project. Moreover, the fact that the fruit grower
maintained a flexible and smart approach contributed to a successful course of the project.
Phase 2: Building the ‘SmartShortChain’ IT-tooling
Within this phase, several technical and organizational challenges were present. Firstly, it was
a labor-intensive and complex process to build an IT-tooling that properly reflected the reality
of processes that took place. An example is the complex link between a bottle of juice and the
specific characteristics of the parcels that the fruit originated from which was necessary to
formulate the environmental facts of the juice. Although the IT-tooling for such eventually
created, it was realized that different products require differently customized tooling’s of which
the development is a time-consuming and expensive process. Thereby, due to a lack of
digitalization and automation of processes in the supply chain, all the data had to be entered in
the platform manually. Thereby, the realization grew that for products with very short turnover
rates such as milk it is not even possible to enter information manually given it would be an
excessively time-consuming activity (i.e., while apples are harvested once a year during a
period of a month, milking happening on a daily basis, which would require a new QR code
every day). Moreover, the immutability of data in the blockchain was experienced as a “pain
in the ass” given that once information was entered, it could not be deleted easily.
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Figure 3. A visualization of the Utregs Supersap supply chain where blockchain is used for a product passport.
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5.2 The added values and barriers of BCT from a producer perspective
While the previous subchapter has provided insights into the processes involved in developing
a blockchain system in a SFSC from an initiator's perspective, this subchapter reveals how
blockchain technology is viewed by SFSC farmers. The following sections summarize the
added values, preconditions and adoption barriers of blockchain as seen from a producer
perspective. Although the interviews were originally conducted by L2L for the preliminary
research phase of the use-case described in the previous chapter, the data of these interviews
provided valuable insights into the chances and barriers of BTC. The results are structured in
the form of key take-aways which are explained by discussing the perspectives of individual
respondents.

5.2.1 Producer’s perceptions on added values of blockchain data systems

o Transparency for commercial advantages, fair prices and a means for the revaluing of
local food and the ecosystem services
Respondent 1 stated that making the supply chain transparent brings commercial advantages
due to increased trust from consumers. The respondent also emphasized the consumer demand
for the provenance of products in particular. Respondent 2 valued transparency because he sees
it as a means to stimulate fair prices in the chain while also offering insight into the profit
distribution in the chain. Respondent 2 added that through transparency, ecosystem services
such as the stimulation of biodiversity can be revalued if these aspects become transparent.
Respondent 3 argued that transparency is important for the consumers to see the high quality
of many local products. Respondent 5 simply argued that transparency may add value to
products.
o A strengthened producer-consumer connection is useful for product improvements,
optimizing business processes and may allow the farmer to tell his/her story.
Respondent 3 stated that he wants to know who the final users of his products are, so he is able
to effectively respond to consumer segments. Thereby, respondents 3 and 4 stated they find it
valuable to receive feedback from end-users on their products to make product improvements
and optimize business processes. Moreover, respondents 3 and 4 both expected that telling
consumers the farmer’s story behind a product that is produced locally, can add value to the
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product. Lastly, respondent 4 indicated he finds it valuable to hear from consumers what
products they would like to see so he can focus on producing those products.
o Blockchain systems desirable for increased data-efficiency
Respondent 2 saw value in blockchain for the automation of data streams which would decrease
administrative loads.

5.2.2

Producer’s perceptions on preconditions for blockchain applications

o To participate in a blockchain, it has to benefit the producer.
Respondents 1 and 4 indicated that they would only participate and put effort in the blockchain
project if they were assured that it would bring them extra (financial) returns. In this context,
respondent 4 discussed how other labels such as ‘planet proof’ have been set up by farmers and
cost them money, yet it brought no increase in cost price.
o To share data in a blockchain, privacy and supervision of data is a must
Respondent 1 indicated he would only be willing to share data if he is guaranteed of the privacy
of his data and that he wants to know who uses his data. Respondent 3 stated that the extent to
which he is willing to share data depends on the extent to which the other involved actors share
data. Respondent 2 said he would be willing to share his data if it does not cost him any extra
effort, he argued that existing databases should be connected to the blockchain. Respondent 4
argued that it depends on what he gets out of it and that he would like to see appropriate
supervision on his data given possible commercial use by third parties.
o For a product passport, it has to be clearly known what information is viewed as
important by consumers. Thereby, appropriately translating raw data to insightful
information and education of consumers deserves attention.
Respondent 3 stated the importance of being sure of the aspects that consumers find most
important when creating a product passport. Respondent 3 also indicated the complexity of
translating sustainability aspects (e.g., water-use, resource-use) to product characteristics in a
correct way. Respondent 3 thereby pointed towards the challenge to show meaningful
information to consumers in a neutral way. The respondent also added that it is necessary to
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educate consumers about the meaning of sustainable production, so they interpret data
correctly.

5.2.3

Producer’s perception on barriers of blockchain:

o Entering data in the blockchain platform is perceived as a complex and time-consuming
process.
Respondent 1 stated that it is unfeasible to give every single product its own QR-code, instead
this may be done per badge. Respondent 4 indicated that the entering of product data requires
lots of time and effort, which producers do not have. Thereby, respondent 3 underlined the
complexities involved in entering data of mixed products such as a mix of different carrots.
o There is a lack of digitally available data
Respondent 3 stated that in order to engage in a blockchain system, he has to digitize business
processes that are currently not digitized yet. Respondent 1 also pointed to the fact that for
many processes, traditional non-digital methods are still used (such as paper delivery receipts).
Moreover, respondent 2 indicated that there is also much data on the farm that is not registered
at all. Respondent 2 thereby indicated registered data on biodiversity is lacking and is currently
only measured only every few years.
o Lack of willingness to invest due to a lack of clarity on the added values of blockchain
Respondent 1 argued that farmers are not going to invest in BTC if they do not clearly see the
extra values it offers. Respondent 2 stated that it is unclear who has to make the investments
because it is unclear who will benefit from the technology
o Transparency can also cause adverse effects
Respondent 4 showed skepticism for transparency as it could also bring adverse effects. The
example was given that traders might adjust their purchasing price after seeing the stock of the
farmer. In this way transparency can deteriorate the bargaining position of farmers.
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5.3 Analysis of and niche dynamics and multi-level-perspective
This chapter will analyze and evaluate the potential of BTC in SFSC’s to become adopted on
a widescale and catalyze a systemic transformation within the food system. First, the niche of
blockchain will be evaluated on the basis of the SNM concepts discussed in chapter 3. Then,
the niche of blockchain and the SFSC-niche will be viewed through the MLP-perspective to
evaluate the ‘transition potential’.
5.3.1 Blockchain-SFSC: shared visions, network formation and learning processes
Visions and expectations
The results of the perceptions of the farmers indicate that there is still a lack of clarity about
what exactly the added value is of BTC and for whom it adds value. In addition, because this
was a Proof-of-Concept project, there still is a great lack of evidence that supports expectation
which undermines the quality of expectations. Van Wassenaer (2020) gives a clear explanation
on this aspect; Blockchain currently faces the problem of the chicken and the egg. It is difficult
to prove expectations if actors do not want to invest in the technology yet without proof it is
difficult to get actors to commit to the development of the technology. L2L did however
emphasize that there is an common overarching goal among many chain actors to make the
supply chains more transparent which contributes to the overall collaboration between actors.
Network formation
The evaluation of the extent and quality of network formation of the BCT niche is limited given
that this research has focused on only 1 case. Regarding the blockchain projects of L2L, the
network composition can be considered quite diverse and broad as there is commitment of
various chain-actors (farmers, processing companies, logistic companies, wholesale) and
involvement of knowledge institutes (Climate KIC, TaskforceKorteKetens, Smartchain), IT
companies, consumers and the ministry of LNV. Moreover, the expert interview emphasized
the indispensability of public-private collaborations in the current development of blockchain
as the government provides guidelines and financial incentives to experiment with the
technology (van der Meij, personal communication, 11 june, 2021)
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Learning processes
The L2L project manager indicated that the most important lessons emerge naturally, such as
the importance of automating the measurement and input of data and that it involves much
complexity in creating a platform that reflects reality. These are mainly first order learning
processes; they have to do with optimizing the technology itself to function properly. Yet, any
second order learning processes are not clearly identified apart from the awareness of the
organization to use existing data infrastructures to get the technology aligned with the existing
system.
5.3.2 Blockchain-SFSC: a multi-level perspective analysis
Although the multi-level perspective shows a clear separation between regime and niche
developments, the reality shows that there is a lot of overlap and interaction between these
levels. In this regard, Lutz and Schachinger (2013) indicate how local food networks such as
SFSCs develop within the regime and as these networks grow and cluster gradually, changes
are set in motion in the regime structures. These changes can be viewed as a process of coevolution and interaction between both landscape developments such as the increasing pressure
on the current food system, regime developments including the growth of SFSC-networks, and
developing niche innovations such as BTC.
SFSC’s can be seen as growing niche-markets that rearrange the links between actors
within the incumbent regime (farmers, consumers, food buying offices and supermarkets and
local market) and cause novel interactions to take place. SFSC-niche therefore follow a 'stretch
and transform' transformation path, in which a restructuring of the links in the regime takes
place (Smith and Raven 2012). The transformative nature of SFSC-niches however is limited
due to the strong selection environment of the incumbent food system regime. This
environment is highly competitive and dominated by low food prices, which SFSC’s do not
compete against.
As the case-study showed, BCT is viewed by some practitioners as a potential tool to
strengthen SFSC’s. Despite that the technology is still far from bringing significant financial
benefits (i.e., cost reductions or value increases), the reasons to experiment with the technology
currently come from more holistic approaches such as a greater connection between producerconsumer and the revaluing of local products and nature-inclusive agriculture. Nevertheless, it
is important that the technology becomes more developed and competent as the investments
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that need to be made are high and the benefits are still unclear to regime actors. The success of
BTC therefore still dependents heavily on protective spaces such as in the case-study that allow
for experimentation and development which gradually makes the technology more effective.
BTC must become more aligned with the structures of the regime whereby the extent to which
the technology is cost effective plays a crucial role.

5. Conclusion
By the means of an explorative case-study, this research has attempted to create an answer to
the question “What is the potential of blockchain technology in strengthening short food supply
chains”.
The research has shown that despite the high expectations for blockchain applications
in food chains found in scientific and gray literature, a lot of development is still needed before
the technology truly brings added value to SFSC’s. A major barrier that can be seen in practice
is the technical immaturity of BTC that currently withholds the proposed benefits of the
technology to become materialized. This explains for a large part why farmers are still skeptical
about the technology and currently do not share the same optimism as the case-study
organization. However, as pointed out in the strategic niche management literature, it is
essential that there is a shared vision among the involved actors to realize a successful
innovation trajectory. Therefore, the creation of successful blockchain-supply chain
applications that clearly demonstrate the added values of the technology can help to build a
shared vision and gain commitment from farmers. Moreover, it has become clear that the right
balance between transparency and privacy must be carefully considered, given that
transparency can also work to the disadvantage of farmers and deteriorate their negotiating
position.
To conclude, the potential of BTC to make strengthen SFSC’s is currently still low as
the development of appropriate blockchain software applications still deserve much attention.
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8. Appendix

1. Case-study organization: Local2Local, a short food supply chain initiative
This section provides an overview of the case-study organization Local2Local which has
formed a rich base of empirical evidence during a 3 month research-internship. Local2Local is
a young, Utrecht-based food chain initiative that started in 2014. The problem statement of
Local2Local on today’s food system is that striving for the highest volumes against the lowest
prices in the agro-sector is no longer viable. As a result, the mission of the organization evolved
towards empowering the transition towards a sustainable food system by setting up short,
locally-oriented food chains and forming alliances between various sustainability-focused
parties to fulfill this mission. By working together with a diverse network of actors (consisting
of farmers, wholesalers, knowledge institutions, municipalities and financial institutions),
Local2Local aims to strengthen the overall production and consumption of local, biological
and fair-priced food in various Dutch provinces.
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