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Abstract
Contemporary banana supply chains are subject to various sustainability issues in both social- and
environmental regards. Blockchain technology (BT) holds the promise to ease such issues according to
various papers by storing data about sustainability immutably. There is, however, little empirical
evidence on how BT can do this in practice and what the implications are for supply chain actors and
consumers. Therefore, this research aims to provide a better understanding of the ability of BT to
create more transparency about sustainability in banana supply chains. To do so, a framework was
developed to assess deliberative blockchain adoption in a supply chains through multiple dimensions.
By conducting a case study in the Fyffes Fairtrade banana supply chain, which adopted BT recently,
and interviewing experts of various domains, insights in all dimensions of the deliberate blockchain
adoption framework were obtained. The results of this research indicate that BT could enhance the
transparency of sustainability, but the technology is accompanied by serious limitations that must be
considered. First, since supply chains create their own interface towards consumers, they decide what
consumers can review. Therefore, the responsibility of any sustainability claim remains with the supply
chain itself and not with the blockchain. Second, to use BT in the supply chain, a connection must be
made between the physical and digital world. This makes auditing the connection crucial for the
trustworthiness of the data on a blockchain, but it remains impossible to make this connection tamperproof. Consequently, there is no absolute certainty that the banana you are buying is the one
registered on the blockchain. BT can push the credibility of data towards the edges of a supply chain,
which makes auditing of these ‘edges’ crucial for BT usage in a supply chain. In turn, the indicators of
certain sustainability claims must be chosen deliberately to utilize BT for sustainability transparency
rather than as a marketing tool only. Communicating the validity of a certain standard (like Fairtrade)
will not enhance the transparency about sustainability performance of a supply chain since the
auditing practice itself remain undisclosed and subject to fraud. Thirdly, BT does not necessarily lead
to a shift in power structures in a supply chain which empowers smallholders. Instead, it could lead to
more dependency on the blockchain implementors or investors, which is contradictory to various
claims made about the technology by BT advocates. This research elicits the practical implications of
BT in banana supply chains. It suggests that in future research different BT designs should be
considered. This because of the varying implications specific designs have regarding transparency
about sustainable (banana) supply chains. BT is not a panacea to solve sustainability issues in a supply
chain or audit its sustainability performance continuously. Still, it can make supply chain actors look
critically at their suppliers and facilitate the debate on improving the sustainability performance in a
chain if there is intrinsic motivation to improve the business practices of the supply chain actors.
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1 Introduction
Nowadays, consumers demand more transparency in supply chains to support conscientious
consumption practices (Abeyratne & Monfared, 2016). Transparency about it origin and production
method enable consumers to understand the (environmental and social) consequences of purchasing
a product. However, until now, this demand has resulted in certification labels that consumers have to
trust without being able to verify or understand its meaning. The enlargement of transparency, as the
disclosure of information, in agri-food value chains is a key business challenge (Abeyratne & Monfared,
2016) and prioritized on the political and research agenda (Mol, 2014). However, managing a
transparent dataflow throughout the supply chain has proven to be a very difficult task. Especially since
supply chains become more opaque and entangled in a vast network of actors, partly due to the
globalization of supply chains (Baker & Steiner, 2015).
To enhance the transparency of supply chains, products are increasingly managed by emerging
tracking technologies (e.g. RFID, GPS, GIS, NFC) in product chains (Thiruchelvam et al., 2018). By these
technologies, stakeholders can store, distribute, update and access product data within companyspecific centralized data management systems (Abeyratne & Monfared, 2016; Meyer et al., 2009). The
data can provide insights into how the product is produced, by whom it is produced, how it is stored
and transported. Thus, it can be used to assess the environmental and social impact of a product. In
addition, as consumers demand more responsible production practices, it becomes even more
important to make sure these environmental and social responsibility standards are verified correctly
(Fowler, 2017).
Current data management practices throughout supply chains leave room for information
asymmetries between data copies since all stakeholders create their own partial copy of the product
data. As products pass through the supply chain, the data is updated and accessed by multiple
stakeholders, throughout different information management systems and software platforms. As a
result, data may become inaccurate or outdated which leads to less transparency and suboptimal
results in the entire supply chain (Mattila et al., 2016). Verification of certification standards is already
a time-consuming and costly process since it requires monitoring throughout the chain. It becomes
even more puzzling because of these product information asymmetries. Moreover, the asymmetries
make certification practices on the environmental and social impacts less credible. Above all, this is
the case with the labeling of products that are produced in countries susceptible to corruption
(Abeyratne & Monfared, 2016).
A decentralized data management system based on blockchain technology (BT) brings new
opportunities for verification, by improving transparency and traceability in the context of certification
systems such as Fairtrade (White, 2017). By a consensus-based cryptographic protocol as the
underlying technology of BT, all stakeholders can share and store transaction data without needing
intermediaries (Risius & Spohrer, 2017). This can reduce administrative work and data errors and, also,
increase processing speed and quality to reduce costs (Verhoeven et al., 2018). It generates the
possibility of tracking or retracing a product throughout the supply chain, from origin to buyer (Baker
& Steiner, 2015). This could include the environmental- and social impacts of production or the entire
supply chain. In this way, consumers or other stakeholders can, for instance, verify with certainty that
a product has the carbon footprint stated on its packaging.
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By buying Fairtrade certified products, consumers pay a premium for the guarantee that products are
produced under healthy environmental and social conditions (Shreck, 2002). BT could, thus, be
beneficial to both regular commodity supply chains and Fairtrade certified ones, since it would make
a certification label more credible and potentially makes the chain more efficient. Awaysheh & Klassen
(2010) suggest that more transparency in supply chains drives the socially responsible practices of
suppliers, which influences the buying behaviors of consumers. Furthermore, BT could be a (marketing)
vehicle for certification schemes to ensure consumers are purchasing deliberately (Galvez et al., 2018).
This would mean in practice that both suppliers and consumers could easily assess all data involving a
product and, therefore, have more insights into the provenance of a product.
This research aims to assess whether BT can provide transparency regarding sustainability in
agricultural supply chains. In order to do so, a fruit crop dealing with both social and environmental
sustainability issues, has been selected. Contemporary banana supply chains are pressured by negative
impacts such as environmental degradation, high water usage and biodiversity loss resulting from the
growing of the fruit (Roibás et al., 2015; Worobetz, 2000). Also, social inequality between stakeholders
along the supply chain caused the unequal distribution of wealth from banana trade profits (Fairtrade
Foundation, 2014; Roibás et al., 2015; Shreck, 2002).
Bananas are one of the most traded fruits in the world and produced in over 135 tropical and
subtropical countries which have a combined economic value of $52 billion dollars (Kema & Drenth,
2018). The largest share (85%) of the production is consumed locally, and the remaining is being
exported to countries with less favorable growing conditions (Fairtrade Foundation, 2009). There is,
however, little room for investing in sustainability improvements because of low retail prices (Fairtrade
Foundation, 2009). Companies that ease these problems by investing in more sustainable business
practices might desire more transparency in their supply chain to incentivize consumers to buy their
products. It is unclear to what extent tracking technology such as BT could work to improve the
sustainability of global products such as bananas (Hull & Liu, 2018). Therefore, this research aims to
provide a clear understanding if BT can be implemented to increase the transparency about
sustainability of banana supply chains. The Fairtrade banana supply chain of Fyffes, originating from
the Urabá region in Colombia, will be used as a case study. Fyffes is Europe’s largest Fairtrade banana
supplier and imports both conventional and Fairtrade certified bananas under both the Fairtrade- and
the Turbana label.
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1.1 Objectives of the research
This research aims to provide a clear understanding of the implications of implementing blockchain
technology to provide transparency about the sustainability performance of bananas. Besides, the
research considers if BT could serve as a new way to manage supply chains and facilitate auditing
practices of sustainability standards. This thesis will investigate the following main research question
(RQ):

How can blockchain technology increase transparency about sustainability
in banana supply chains?
In addition, publications on blockchain technology state that it is possible to encrypt data content to
determine which data is available on the blockchain and for whom (Mattila et al., 2016). Besides
assessing the implications for the supply chain, this research will try to identify which information can
be made available to enhance consumer trust about the provenance of a product. To answer the main
research question, the following sub-questions (SQ) will be answered:
1. What are the current sustainability issues in banana supply chains?
2. How is traceability managed in banana supply chains?
3. What are the operational-, relational- and data management implications of blockchain
adoption for supply chain actors in the Fyffes banana supply chain originating from
Colombia?
4. How do blockchain- and supply chain experts consider the potential of blockchain
technology regarding transparency about sustainability?
The sub-questions are assessed in chronological order to answer the main research question. Firstly,
academic literature and interviews with experts are used to identify current sustainability issues in
banana supply chains. Secondly, the current practices and its possible shortcomings of the traceability
systems are outlined based on interviews within an established banana supply chain. This is done to
assess the feasibility and necessity of using blockchain technology in the supply chain. Besides, the
willingness of data sharing between supply chain actors is assessed based on interviews within the
supply chain. Finally, different blockchain designs are discussed on their suitability to overcome
identified sustainability and transparency issues in banana supply chains based on interviews with
blockchain- and supply chain experts.
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2 Theoretical framework
To understand BT in relation to agricultural supply chains, it is desirable to explain the used key
concepts based on current scientific literature. This will be done in this chapter. First, various
(agricultural) supply chain concepts will be described. Second, the concept of blockchain will be
introduced and the current state of academic literature regarding BT in relation to (agricultural) supply
chain management will be reviewed. Finally, a conceptual framework will be proposed to assess
deliberative blockchain adoption in the banana supply chain.

2.1.1

Transparency, traceability, and sustainability of agricultural supply chains

The concept of a supply chain is a common conceptualization for consumer products and services. Each
step in the production process is perceived as a link in the supply chain. From farming raw materials to
the final product for consumers (Opara, 2003). Halldorsson et al. (2007 p. 286) defined a supply chain
as: ‘a meta-organization built up by independent organizations that have established interorganizational relationships and integrated business processes across the borderlines of the individual
firms.’. Supply chains can be managed in different manners. One of them is product-centric
management, which shares all data concerning a product between stakeholders via a central server.
Product-centric management is, however, repressed with a lack of digital trust between businesses
and bears the risk that data is still obsolete or inaccurate (Mattila et al., 2016). A company who owns
the data could tamper with the data since it is stored on their server only. This leads to the
unwillingness of other companies to adapt to the data management system and thus less traceability
throughout the supply chain. Moreover, companies would rather create their own system despite its
less effective performance (Seppälä & Mattila, 2016). Centralized data management forms are the
easiest and practical way to manage data. Although, they bring some major drawbacks to the supply
chain, including a lack of transparency (Abeyratne & Monfared, 2016; Mattila et al., 2016).
Awaysheh & Klassen (2010) describe transparency as the extent of readily available information for
counterparties and outside observers. In supply chains, it can be described as the degree of
information available to companies within the supply chain network (Francisco & Swanson, 2018). This
is visually simplified in Figure 1 for a banana supply chain. In this figure, different steps in the plantation
and following links in the chain are visualized. Transparency applies to all steps of the supply chain
except for the consumers since this entity does not belong to companies in the supply chain according
to Francisco and Swanson (2018) their definition.

Figure 1: Simplified overview of a conventional banana supply chain product flow, with information fluxes which define the
overall degree of transparency of the supply chain
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Global supply chains often lack transparency, resulting in a lack of knowledge for consumers about
product origins and production manners (Badzar, 2016). The transparency is associated with food
authentication, which involves compliance with label descriptions such as its origin, processing method
and composition (Galvez et al., 2018). Nowadays, this information about the quality of a product is a
target of fraud, especially for expensive food products.
Globally, consumers demand the origin and content of the food to be in line with the provided
information on the label (Galvez et al., 2018). Besides provenance, food safety is a global concern
which not only impairs people's health but also undermines the trust in food markets (Tian, 2018).
Regarding food safety of perishables such as bananas, temperature and humidity have a major
influence on food quality and safety and an appropriate information management system is necessary
to guarantee these are managed properly (Manning et al., 2008). Otherwise, post-harvest diseases can
develop during storage which will affect the quality and quantity available for consumption and export
(Anthony et al., 2004). Both provenance and safety are managed by centralized databases and are,
therefore, vulnerable to hacking or bribery. This can lead to a severe reduction of efficiency and trust
in food supply chains (Tian, 2018).
The traceability in supply chains relates to logistics, quality management and product specifications
(Mol, 2014). Opara (2003) describes agricultural traceability as: ‘the collection, documentation,
maintenance, and application of information related to all processes in the supply chain in a manner
that provides guarantee to the consumer and other stakeholders on the origin, location and life history
of a product as well as assisting in crises management in the event of a safety and quality breach.’
(p.102). Optimizing transparency is correlated with optimization of traceability, although this
correlation is not linear or forthright (Francisco & Swanson, 2018). There is no common theoretical
framework for implementing food traceability. However, several proposed frameworks for traceability
exist (Aung & Chang, 2014). According to Aung and Chang (2014), the key environmental issues to be
addressed for food supply chain traceability are: evaluation of carbon footprint, usage of packaging
material and processing method, waste and water management, recycling of food and food-related
materials, protection of pollutants and contamination, use of fertilizers and pesticides regarding
chemical residue. These issues can assess the environmental sustainability of a particular product by
different sustainability matrices (Saberi et al., 2018). Social sustainability issues are more related to
ethical trading, aiming to bridge the gap between producers and consumers and, at the same time,
improving the livelihoods of the producing actors (Oya et al., 2017).
The concept of sustainability is an umbrella term that encompasses a variety of definitions. The FAO
defined sustainability into four pillars, namely: Food safety and quality, economic viability, social
acceptability and environmental sustainability (FAO, 2004). Since the main research question includes
the term sustainability as a criterion for agricultural production, the following definition of
sustainability as proposed by the American Society of Agronomy (1989) is used: ‘A sustainable
agriculture is one that, over the long term, enhances environmental quality and the resource base on
which agriculture depends, provides for basic human food and fiber needs, is economically viable, and
enhances the quality of life for farmers and society as a whole’. For the cultivation of bananas, this
implies that plantations should enhance the environmental quality and limit the usage of scarce
resources, besides providing food security and social benefits to farmers and their livelihoods. In other
words, environmental and social sustainability of banana supply chains concern the environmental
footprints and labor conditions resulting from production (Egels-Zandén & Hansson, 2016).
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2.2 Blockchain-based agricultural supply chains
BT is a potentially disruptive technology for the organization, design, and management of supply chains
(Saberi et al., 2018). BT is already being implemented to document genuineness of the origin of
products and its ingredients, which makes supply chains more transparent (Manski, 2017). Also,
blockchain-based supply chains are already implemented to provide assurance of human rights and
fair labor conditions (Saberi et al., 2018). There is, however, a variety of blockchains with different
features and design choices.
The essence of BT is to be a reliable database that is collectively managed through a decentral and
trustless method (Tian, 2018). Each block contains data of all past transactions which is like a digital
fingerprint to validate and verify the correctness of the information. All these blocks link in the chain
in chronological order with each block containing a code, named a hash, of the previous block to make
sure a counterfeit can ’t replace a block. The greatest benefit of this technology is its ability to create
a trust-free information management system. Since it guarantees that all nodes, or information inputs,
are to be trusted by design and efficiency is improved by smart contracts (Saberi et al., 2018). These
contracts are conditionally formatted events on the blockchain which is only executed by nodes if it
meets the conditions. All users can create such a contract by posting a transaction with a conditional
event. For instance, an event happening in the real world, which must be met to execute the
transaction on the blockchain. Sensors or certification entities can monitor or check these real-world
events. In a blockchain-based supply chain, these contracts can manage certification, approval and
govern processes based on conditional rules (Saberi et al., 2018). In Figure 2, the basic idea of a
blockchain is illustrated for the banana supply chain. All stakeholders are connected by the
blockchain’s decentralized design and transactions between stakeholders are governed by smart
contracts. Potentially, consumers can review these contracts to verify the sustainability standards of
the supply chain if the blockchain design and interface allow them to do so.

Figure 2: Simplified blockchain based supply chain of bananas, which is governed by smart contracts and transparent by
design
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The decentralized structure of BT is associated with more democracy, transparency, accountability,
and trust. How this functions in supply chains is still unclear (Saberi et al., 2018). BT could however
also result in countervailing tendencies which result in more inequality, stronger corporate alliances
and higher unemployment rates (Manski, 2017). Besides, there are unresolved technical challenges, a
lack of regulatory frameworks, unresolved privacy issues and user adoption challenges (Manski, 2017).
Also, it is not yet clear if stakeholders perceive BT as a trust-free technology since they still have to put
some trust in the blockchain providers and the smart contract itself (Glaser, 2017). It is clear, however,
that blockchain-based supply chains include entities that are not seen in traditional supply chains such
as ‘registrars’ who provide the identities to actors in the blockchain network (Baker & Steiner, 2015).
These providers could be, for example, an accreditation service that provides credentials and a unique
identity to actors in the blockchain-based supply chain.
BT for business applicability may require different blockchain features and network designs, as not all
consensus mechanisms (which make sure the decentralized copies of a database are equal) match the
specific requirements for a business (Ruckeshauser, 2017). There is, for instance, a huge difference in
definition between incorporative blockchains and conventional blockchains. The incorporative
blockchain is meant to incorporate BT in the vested supply chains to solve existing problems. This
makes them not autonomous form existing institutions (Swartz, 2016). This is an opposed vision to
what many blockchain advocates argue the technology will do, namely radically transforming society.
Whereas radical blockchain advocates are seeking autonomy and automation, the incorporative
blockchain advocates want to make existing systems more efficient (Swartz, 2016). Consequently, it
does not have to result in more decentralization and democratization. It could also imply that the
blockchain will be controlled by a few (industry) partners which impose rules on the rest.
An umbrella term that includes all types of blockchains, but also other technologies that distribute
information across various locations, is called distributed ledger technologies (DLT). Treiblmaier (2018
p. 555) describes the differences in distributed ledgers as: ‘’ If a dedicated group of owners or users
exists, the ledger is permissioned and private (e.g. a clearing or settlement network). If the usage is
public, but the integrity is maintained by trusted ledger owners, it is called a permissioned, public
shared ledger (e.g. a global financial transaction system). Finally, if the integrity is ensured by the users
themselves through untrusted consensus, this is called an unpermissioned public shared ledger (e.g. a
cryptocurrency such as Bitcoin)’’. Although this research will not focus on these technical design issues,
it takes the most important differences into account. To simplify the differences for blockchain-based
supply chain solutions: If consumers can take part in the verification of data in a network, it is called a
public network. If only known actors in a supply chain can take part in the verification of data, it is
called a private network. There are various designs, such as hybrid blockchains, which combine
features of both designs.
Since BT is still in its early stage, the implications for adoption for supply chain traceability are still
unknown (Francisco & Swanson, 2018). So far, little has been done to push this immature technology,
which will require all stakeholders in a chain to collaborate in implementing this technology (Galvez et
al., 2018). It is already clear however that, based on current developments, BT has a higher potential
to boost environmental performance than social performance since this information is measured and
maintained more easily (Saberi et al., 2018). Tracking of such sustainability conditions is an important
applicational focus for blockchain technology in this research. Especially since BT holds the promise to
make this information about a supply chain stable and immutable (Saberi et al., 2018).
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When BT is combined with various other technologies such as satellite imagery, GPS, temperature
sensors or tracking divides like radio-frequency identification (RFID), it might enhance the credibility
of data from the supply chain. Tian (2018 p. 34) argues that: ‘There is no doubt that with the application
of these emerging technologies, products can be understood, carried, checked and trusted as they
travel along the supply chain. This will effectively enhance the quality and safety of agri-food products.’
There is however little publicly known about combining BT with these emerging technologies (Badzar,
2016).
Transparency of a supply chain by BT facilitates material and information flow throughout the supply
chain in an automated setting. This implies that production processes will rely more on knowledge,
information, and communication rather than the product characteristics themselves (Saberi et al.,
2018). For example, by tracing detailed product information consumers' trust regarding the product
characteristics is enhanced.
According to Manski (2017), current academic literature about BT is beginning to identify types of
questions and data which urge to assess the multitude of possible effects the technology might bring.
Till now, research has not yet identified the implications of integrating BT in different (business) use
cases and its advantages and disadvantages (Risius & Spohrer, 2017). Besides, only a few individuals
are specialized in BT to create and mediate the value transition (Greenfeld, 2016) and little is known
about the potential of blockchain beyond IT possibilities (Risius & Spohrer, 2017).

2.3 Conceptual framework
Verhoeven et al. (2018) evaluated if the proposed benefits of BT are feasible and if it provides solutions
to logistics and supply chain problems by means of a case study approach. They stressed that many
companies implement BT without looking for better alternatives to solve existing problems. Therefore,
they proposed a framework to evaluate the ‘mindfulness’ adoption of BT in logistics and supply chain
management based on secondary data. The authors selected 14 different BT applications and reviewed
them for five different technology adoption principles, namely: ‘engagement with technology’,
‘technological novelty seeking’, ‘awareness of local context’, ‘cognizance of alternative technologies’
and ‘anticipation of ‘technology alteration’. By means of secondary data, these principles, or so called
dimensions, enabled the researches to objectively and deliberatively review each application its
planned use case (Verhoeven et al.,2018). Their research has pointed out that most applications are
highly engaged with the technology itself, but there are significant differences in the other dimensions
of the framework.
Since this research will next to secondary data also include a case study where BT is implemented at
the time of writing, a more suitable conceptual framework is proposed which loosely builds upon the
framework of Verhoeven et al. (2018). While Verhoeven et al. (2018) used the concept of mindfulness
to describe whether BT adoption is well-thought-out, this more practical case study used deliberative
as the term to define if BT adoption is a sensible step. The proposed definitions of the dimensions, and
the dimension itself, deviate from the framework of Verhoeven et al. (2018) as well suit the
methodology of this research, which is presented in the next chapter. The major differences in
dimensions compared with Verhoeven et al. (2018) are: the inclusion of stakeholder engagement
instead of ‘engagement with the technology’, the scoping of local context to the country of origin
instead of a broad concept and operational feasibility instead of ‘anticipation of technology alteration’.
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As illustrated in figure 3, the adoption of BT in the supply chain is analyzed by looking at the interactions
between a BT project and the current supply chain trough five dimensions. By doing so, the fit of the
technology with the present day reality of the supply chain is systematically reviewed.

Figure 3: Deliberative blockchain implementation framework

The aim of the framework is to assess deliberative blockchain adoption based on five dimensions.
Jointly they evaluate important considerations and complexities regarding BT adoption in agricultural
supply chains. The definitions of the dimensions are described below.
Stakeholder engagement
Identifies possible shifts in social relationships between stakeholders due to adopting BT and their
attitude towards these implications (SQ 3). By interviews among supply chain actors, this dimension
can be researched. NGOs, certifiers and Governmental organizations could be included if they are
perceived as relevant actors for a blockchain project. By this dimension, the perception and social
implications of adopting BT in a supply chain are considered.
Local context
Considers the suitability of BT with local characteristics, including the (digital) infrastructure (RQ 2),
learning abilities of employees and suitability of dealing with social- and environmental sustainability
issues in the country of origin. Besides, it examines how BT could improve the livelihoods of the local
community. By this dimension, awareness of the local benefits and inconveniences of BT adoption is
created.
Operational feasibility
Outlines the technical BT alignment in the current supply chain (SQ 3). Firstly, the current data
management systems and track and trace methods in a supply chain are examined. Secondly, the
requirements BT imposes to a supply chain (SQ 5) are compared with the current systems and
methods. By doing so, the feasibility of changing the current operation to implement BT is examined
from a technical perspective.
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Technological novelty
Identifies the uniqueness of the technology (SQ 5) of BT compared to existing technologies. In this way,
the unique features of BT are identified which other techniques do not possess to deal with
sustainability issues (identified by answering SQ 2).
Necessity of adoption
Assesses the awareness, of both experts and supply chain actors, to utilize different technologies than
BT to deal with current sustainability issues (SQ 4). It relates the novelty of BT to existing alternatives
to solve current sustainability problems in the supply chain (SQ 1). By this dimension, the necessity for
blockchain-based solutions is critically examined.
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3 Method
To provide answers to the research questions, a case study design is chosen next to interviewing
experts from relevant domains. A case study design is widely used in logistics and supply chain
management research, as it could provide a meaningful understanding of the usage of BT in this field
(Verhoeven et al., 2018). Before the case study, the literature was evaluated to identify current
sustainability issues and transparency management practices. During the case study, the aim was to
identify how the supply chain had to adapt to implement BT and what the implications are for supply
chain actors. Interviews with experts in various relevant domains were conducted to assess the
implications of blockchain technology for both social- and environmental sustainability of the banana
supply chain. In the following, different approaches are further explained where after a background of
the case study area is provided.

3.1 Literature review
Research material for this qualitative study included academic literature, NGO reports and blockchain
whitepapers. Literature was reviewed through a scoping review on sustainability of banana supply
chains, banana supply chain management and blockchain for supply chains. The general purpose of
this review is to identify and map the evidence on a certain topic (Arksey & O’Malley, 2005). To answer
SQ 1, reports and academic literature were reviewed to identify sustainability issues, both social as
environmental, in banana supply chains. To assess environmental sustainability, the key environmental
indicators stated by Aung and Chang (2014) are used to review environmental performance. The social
sustainability issues which are most prominent in the area of the case study are reviewed based on
different papers that review the social sustainability of banana supply chains. SQ 2 is assessed based
on a literature review and the case study combined to make findings from this research applicable to
other banana supply chains.

3.2 Expert Interviews
SQ 5 is assessed on literature review and expert interviews. The scoping review here focusses on the
general requirements of blockchain technology for agricultural supply chains, and assesses papers
which go beyond the technical BT literature in order to access (agricultural) supply chain integration.
Nine experts were interviewed to provide insight into the various sub-questions of this thesis. The
Interviewee list can be found in Annex II. To assess the research questions in-depth, the experts were
interviewed by semi-structured interviews. By keeping the interview semi-structured, interviewees
could be asked explorative questions and, at the same time, they feel confident in exploring their own
thoughts and ideas on the subject (Bryman & Bell, 2015). Semi-structured interviews are structured to
some extent but allow the freedom to ask questions in a response of answers during the interview
which are not prepared beforehand. The blockchain experts were selected on their knowledge of
blockchain in relation to agricultural supply chains. The interviews considered different blockchain
designs as well. This, to gain a more in-depth understanding of the (different) requirements and effects
of the technology. Next to blockchain experts, an auditor and banana supply chain expert were
interviewed to gain insights into the current sustainability performance of banana supply chains and
their opinions on blockchain adoption to increase transparency about sustainability. Most experts
were contacted in person during conferences or meet-ups. Interview questions are based on the
categories of the deliberative blockchain adoption framework (see figure 3) and can be found in
Annex I.
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Interviews were transcribed in full once the interviewee allows recording the interview. In case the
interviewee did not allow the researcher to record the interview, a summary was written directly after
the interview based on the notes taken. After conducting the interviews, a transcript was made by the
transcript software www.otter.ai and manually checked for transcription errors. If the interviews were
in Dutch, the transcript was manually typed based on the recording. Transcripts where send to
interviewees for verification upon request. The final transcripts were coded using a coding framework
(in atlas.ti 8), which is based on the interview themes and scopes from Annex I. This coding framework
can be found in Annex III.
Jointly the interviews and review examine how different blockchain designs could be used in providing
transparency about sustainability in banana supply chains. The academic material was collected from
the following databases: Google Scholar and Mendeley. Grey literature such as annual reports and
whitepapers were obtained by using the worldwide web.

3.3 The case study
Besides the literature review, a case study was conducted to assess the practical implications of
implementing BT in the banana supply chain. This form of research is appropriate when there is
insufficient theory (Stuart et al., 2002), which is the case for blockchain usage in (agricultural) supply
chains. By qualitative semi-structured interviews, conducted among supply chain actors, deliberative
blockchain adoption to overcome current supply chain sustainability issues was assessed.
The case study was conducted on the Fyffes Fairtrade banana supply chain destined for PLUS
supermarkets (PLUS) in the Netherlands. PLUS desired more transparency to provide consumer trust
in their Fairtrade bananas. They wanted to use BT to enable track and tracing of the bananas back to
its origin (the plantations in Urabá, Colombia). Since SIM supply chain management (SIM) had
experience with implementing blockchain in other supply chains already, they were chosen as their
transparency provider. SIM, a data auditing and management company, applied its blockchain
solution, called the Powerchain, on this supply chain in 2019. Their DLT is a private permissioned
incorporative blockchain, placed on existing data management systems within the supply chain. Within
five months the blockchain needed to be up and running, which is referred to as the first phase of the
project. The research focused on this phase only, although the project will continue to develop after
the fieldwork of this research.
By using the contacts of SIM, Fyffes and PLUS the aim was to ‘follow’ the banana product flow by
conducting interviews along the supply chain. To do so, six interviews were conducted with actors
from all relevant stages in the banana supply chain (see Figure 1), except for consumers since this
group is beyond the scope of this study. Although intended, a plantation owner or employee could not
be interviewed. All supply chain actors were interviewed by phone or in person. To gain in-depth
knowledge of blockchain implementation in the Fyffes supply chain, the fieldwork involved two days a
week working for SIM in Alkmaar for three months. This data management company was already
implementing a DLT solution on this specific banana supply chain and provided the opportunity to
conduct a case study. By attending meetings and online calls with supply chain actors, a thorough
understanding of the Powerchain implementation was obtained.
The combination of a case study, blockchain expert interviews, and the literature study provided the
data to answer the different sub-questions. The method for interviewing and data processing was the
same as for the expert interviews, as described in section 4.2. However, supply chain actors were asked
different questions than blockchain or supply chain experts since the understanding and specialization
of interviewees in relation to the subject differs. The different questions can be found in Annex I.
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3.4 Background case study
From the total amount of two million bananas produced in Colombia, 39% is exported to the European
Union (Valenciano et al., 2015). Geographically the banana production for export is divided into two
areas: the north-eastern region of Magdalena and the northwestern region of Antioquia (also called
Urabá) (Lombana, 2011). The Magdalena region has favorable conditions for banana production
because of the hours of sunlight per day and constant day and night temperature. Also, it has easy
access to the port of Santa Marta from which the bananas can be shipped overseas. The combination
of these factors results in high-quality bananas with 30% less operating costs compared to other
regions in the country (Lombana, 2011). Still, the bananas are produced using a small scale
organizational structure with a focus on organic produce, making the region less developed compared
to the Urabá region (Lombana, 2011). Since the Fairtrade supply chain of Fyffes for PLUS originates
from the Urabá region, the scope is on this region only. Currently, Urabá counts 350 medium and largescale plantations with 80 hectares on average.
Fyffes, as the importer of studied banana supply chain, aims to ‘’supply the best fruit produced
responsibly under safe working conditions and fair labor practices and with the minimum
environmental impact’’ (Fyffes, n.d., p. 1) The company possesses the Carbon Trust Standard, which is
a recognition to reduce the carbon emissions every two years. Fyffes is working with the Fairtrade
Foundation since 2000 and is Europe’s largest supplier of Fairtrade bananas (Fyffes, n.d.). Given the
fact that Fyffes supplies both conventional as Fairtrade bananas to the European market, and aims to
make their supply chain more sustainable, the Fyffes banana supply chain is a well-suited case study
for this research to assess if BT can contribute to more transparency about sustainability in the banana
supply chain.
The following chapter describes the current social- and environmental sustainability performance of
the banana industry in general (SQ 1) where after these are more specifically outlined for the Urabá
region. Chapter five presents the findings of the case study based on the first three dimensions of the
blockchain adoption framework. In chapter six all five dimensions of the deliberative blockchain
adoption framework are used to provide a more holistic and general understanding of the adoption of
blockchain technology in banana supply chains.
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4 Current sustainability of banana supply chains
Banana supply chains have gained quite some attention regarding their social and environmental
impact (Kema & Drenth, 2018). This chapter describes the current environmental and social
sustainability issues of banana supply chains which have been identified in the literature. Firstly, the
environmental performance of banana supply chains in general is outlined, where after the
environmental performance of the Urabá region is presented. Secondly, social performance is
presented in the same structure. Finally, a conclusion is provided for the current sustainability
performance of banana supply chains.

4.1 Environmental performance
Regarding the environmental performance of banana supply chains, mainly the production side is
globally associated with multiple environmental negative impacts such as: the usage of pesticide, soil
depletion, water pollution, flooding, waste disposal and deforestation (Josling & Taylor, 2009). In
addition, the loss of biodiversity and high water usage during production are prominent issues of
banana production (Svanes & Aronsson, 2013). Since the Cavendish bananas are mostly grown in
monocultures without crop rotations, soil fertility decreases mostly after 3-4 years which creates the
need for new fertile lands to cultivate. This often leads to (more) deforestation, which in turn leads to
the flooding of areas because of eroding soils in combination with heavy rainfall (Josling & Taylor,
2009).
Globally, there are more than a thousand banana varieties. Despite this variation, there is only one
variety that dominates the export market: the Cavendish banana. It can survive long transits to nontropical countries better than other varieties. Besides, the global banana industry became used to its
features and learned exactly how to process it most efficient. As a result, Cavendish bananas outcompeted other varieties, which led to a loss of genetic variation. This loss can, in turn, result in
significant ecological consequences (Des Roches et al., 2018). Moreover, the global distribution of only
one variety made it more easy for a range of plant diseases such as Fusarium wilt, banana bunchy top
virus and yellow and black Sigatoka to spread (Kema & Drenth, 2018).

Plantation performance
During the growth stage, bananas are most vulnerable to diseases, particularly in monoculture
production models (Fairtrade Foundation, 2009). Currently, a fungus called Fusarium wilt Tropical Race
4 (also known as Panama disease), raises concerns among producers and consumers about the
sustainability of banana production methods. At the beginning of the 1900s, it devastated the Gros
Michel banana export, and it is now threatening its replacement the Cavendish cultivar (Ploetz, 2015).
Next to these diseases, insects pose a threat to the quality and quantity of produce. To make sure the
fruit stays unharmed and grows efficiently, a plastic bag is wrapped around the fruit (Roibás et al.,
2015). The plastic is sometimes impregnated with pesticides and when inappropriately disposed, it
risks ending up in the local ecosystem.
Currently, plantations rely on pesticides and fungicides to produce the desired quality and quantity.
Chemicals are most extensively used (second to the cotton industry) for bananas which need to make
an overseas trip (Josling & Taylor, 2009). To make sure the bananas endure this trip for as long as three
weeks, several hundred kilograms of potassium (K) and nitrogen (N) are added per hectare on average
during the growth stage (Henriques et al., 1997). This, in turn, leads to soil and water pollution,
accumulating in the ecosystems near the plantations.
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Nematicides are applied to protect the root system and fungicide is sprayed aerially and from the
ground to prevent plant diseases and fungus (Roibás et al., 2015). From aerially spraying it is estimated
that a high proportion does not land on the plant, but on soils and water bodies instead (Fairtrade
Foundation, 2009). Since the livelihoods of plantation workers are often on or near the plantations,
their homes and gardens are sprayed as well (Fairtrade Foundation, 2009). This process is further
discussed in the social performance section.
Runoff water of plantations with agrochemicals and fertilizers ending up in natural areas or surface
waters downstream is a specific concern. This likely influence species composition in downstream
rivers since increasing dominance of a few taxa was found downstream of banana farming in Costa
Rica (Svensson et al., 2018). There are, however, attempts by the industry to mitigate these
externalities of production. These efforts include: the application of sediment traps to retain
agrochemicals, vegetation zones to intercept pesticides, erosion prevention and lowering the usage of
pesticides and fungicides (Svensson et al., 2018). These efforts can be either voluntarily without
committing to standards or under the flag of a sustainability standard (which are discussed later in this
chapter).
When the bananas are ready to harvest, the fruit is taken to a processing area where they are washed
with pressured water to remove field dirt, pesticides and flower residues (Kema & Drenth, 2018). Luske
(2010) stated that the bananas are washed in basins with a minor percentage of chlorine. This water
is reused for six days where after it is disposed of. After this processing at the plantation, the bananas
are packed into cardboard boxes and transported to be shipped.

Shipping and distribution
Looking at later stages of the banana supply chain, there are a few more environmental impacts to be
described. Bananas destined to non-tropical countries are transported overseas on a containership.
These ships pollute a significant amount of Co2 which adds up to 62% of the total Co2 emissions in the
banana supply chain (Luske, 2010). Still, it should be noted that this mode of transportation is relatively
emission efficient in terms of transport volume. Refrigerant gas (mainly R4O4A) is used during (truck)
transport in Europe, which is a mixture of CFCs and have a high global warming potential. Most trucks
use 1.5 grams of these gases per truckload Luske (2010). It could replace this refrigerant with R407A
or R407F, reducing global warming potential by 50%, according to its developers (Danfoss, 2019). At
most ripening facilities ethylene is used to speed up the ripening of the fruit. This adds up to 0.37 kg
of ethylene for each ton of produce. Some facilities, however, use less ethylene because of innovative
ripening and monitoring techniques. Some bananas are re-packed in plastic before they are
transported to the supermarket, although most supply chains do not further package the bananas
before they can be bought by consumers.

Environmental metrics
To measure the impact of all these processing steps combined, there are metrics that make the
performance quantifiable. They can be referred to as environmental metrics. Environmental metrics
measure the environmental impact of the banana supply chain with a quantifiable indicator. CO2
emissions or water footprints are often used as such an indicator of sustainability performance.
Multiple studies conducted carbon and water footprints on banana supply chains.
According to the study of Roibas et al. (2015), the average carbon footprint of the production process
is 274 g Co2 for each kg bananas. This adds up to 1.28 kg of Co2 in total for the entire supply chain until
it is eaten by the consumer. The results of footprinting studies varied considerably from 0.249 to 1.37
kg Co2 for each kg of produce from farm to fork (Kema & Drenth, 2018). The differences in carbon
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footprint studies can be attributed to different farming methods, local variables such as climate and
soil texture and differences in system boundaries. Water footprints vary greatly across production
regions, but banana supply chains in total have an average of 790 m3 water per ton of production
(Roibás et al., 2015). For water, it depends on the local abundance of water to conclude whether it is
sustainable or unsustainable usage. Co2 emissions, however, have a global impact and contribute
directly to global climate change. It should be noted that these kinds of footprinting are often seen as
a key concept of ensuring sustainable production, although it does not address all environmental
impacts in practice (Ekvall & Weidema, 2004).
Sustainability standards
Next to environmental metrics, different sustainability standards try to assess the sustainability
performance of banana supply chains. The indicators used by these standards are, however, less
quantifiable, comparable and transparent for consumers. Still, they can facilitate the decision-making
process of consumers, willing to identify sustainable products (Hanss & Böhm, 2012).
There are various standards trying to improve sustainability in banana supply chains. The International
Trade Center (ITC) marked 71 Good Agricultural Practices (GAP) as applicable to the banana supply
chain of which 40% are environmental-, 32% social-, 15% quality-, 11% management- and 3% ethicsrelated GAPs (Kema and Drenth, 2018). Most of these GAPs are driven by the demand of consumers
in developed economies for better food quality and safety assurances (Kema & Drenth, 2018).
In Table 1, an overview is given on the main voluntary standards present in the global banana industry,
including their scope and market coverage (Kema & Drenth, 2018). Also, it shows that GlobalG.A.P.,
ISO 14001 and SA 8000 are applied to (almost) all plantations globally, while other standards occupy a
significantly lower share of the export market. Overall, the schemes have delivered major
improvements, though, according to Kema and Drenth (2018), growers regard them as a bureaucratic
burden as well.
Table 1: Main voluntary standards in the global banana industry, cited from Kema & Drenth (2018 p. 305)
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The standards are often combined with traceability systems, especially since it is required by some
importing countries. Still, limited marketing and supply chain infrastructure in developing countries
make products with and without a certificate of a standard hard to segregate (FAO, 2004).
Although the standard scopes may seem promising on paper, their effectiveness is widely debated.
Blackman and Rivera (2010) concluded that in less than half of the researched cases, the social- and
environmental improvements in banana production could be attributed to certification schemes.
Therefore, the impact of these certificates is rather limited and applicable only on a modest scale
relative to the size of the national economy it operates (Dragusanu et al., 2014). Partly, as a result, the
banana production is still subject to a lot of criticism by NGOs and consumers about labor, social and
environmental issues (Kema & Drenth, 2018; Robledo-ardila & Avila, 2014).
Currently, none of the widely adapted standards focuses on the sustainability of the supply chain as a
whole. This limits the effectiveness of the standards to enhance sustainable business practices over
the entire supply chain. An interviewee argued that metrics which cover the whole supply chain are
necessary to assess the overall sustainability performance:
Expert: ‘’If you want to work towards sustainable supply chains you need metrics which cover
the whole chain, and not just the production side.’’
Each standard has different scopes and requirements. Therefore, to improve the overall sustainability
of banana supply chains, compliance with a standard will not be sufficient. Especially, since the
requirements are mostly focused on the production step of the supply chain.

4.2 Environmental performance of the Urabá region
There are several environmental issues that can be found in the Urabá region and are caused or related
to the production of bananas. The first is about sedimentation in the coastal waters bordering the
mainland. Sedimentation is a major environmental issue in the Gulf of Urabá, of which the impact on
the coastal ecosystem in the region is not yet well understood. Blanco-Libreros (2009, p.4) concluded
that: ‘’expansion of banana agriculture in the Urabá region threatens not only megadiverse terrestrial
ecosystems but also coastal ecosystems by releasing enormous amounts of sediments into the rivers
and ocean. Accordingly, this region may be considered a soil erosion hotspot.’’. Also, Urabá has an
extensive mangrove area threatened by deforestation. Mangroves provide many ecosystem services,
are valuable coastal defense and a significant carbon sink. Researches attribute the deforestation of
mangroves not directly to the expansion of banana plantations, but to the population growth caused
by the profitable banana industry, which in turn resulted in major economic activity in the area (Blanco
et al., 2012).
Data from the Global Forest Watch (2019) revealed that between 2000 and 2018, 212.00 hectares of
tree cover were cleared (8.5% of the total) which emitted 8.01 Mt of Co2 back into the atmosphere.
Losing tree cover can partly be attributed to illegal logging, where some cleared areas are replanted
with banana- or palm oil plantations (Patino & Estupinan-Suarez, 2016).
A life cycle assessment conducted by the carbon trust on the Fyffes supply chain resulted in an average
of 88 g Co2 for each kg bananas during the production. This is significantly lower compared to the
amounts of g Co2 stated in several researches (274 g Co2 in Roibas et al. (2015) in Ecuador, 300 g
C02/kg in Svanes & Aronsson (2013) and 137 g CO2/kg in Luske (2010) both performed in Costa Rica).
Some variations can be attributed to the different locations of the analysis, but mainly varies because
of the difference in system boundaries and methodology used to assess the impact of a banana supply
chain (Kema & Drenth, 2018).
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The plantations of the case study itself are all contracted by Fyffes and state in farmer profiles on a
website to work towards more climate-friendly activities as progressive crop protection, water
recycling and adequate usage of fertilizer to mitigate externalities of production (PLUS, 2019). There is
no academic literature found on the local impacts of these stated efforts.

4.3 Social performance
There are quite some social issues resulting from the production of bananas and how the commodity
is traded. Unsustainable production and trade methods in the banana industry are responsible for
negative social impacts on workers, farmers and their communities (Kema & Drenth, 2018). This is the
result of continuous pressure to keep bananas cheap. In the previous century, fruit companies did
everything in their power to keep the production costs low. By means of buying plantations for unfair
prices, underpayment of workers and/or bribing governments. If money could not ensure their desires,
force was the next option (Kema & Drenth, 2018).
Therefore, many Latin American nations were nicknamed as Banana Republics since the fruit
companies were largely in charge in these countries. The banana republics are nowadays governed by
stronger governmental power, and labor unions can negotiate wages in several producing countries.
This not necessarily means that negotiations have attained serious labor gains (Hough, n. d.). Still, the
current social performance of the bananas has improved the past decades compared to the beginning
of the last century. Although social performance has increased, there are still a lot of unresolved issues
varying among regions and countries.

Market pressure
Until recently, the production and trade of bananas were dominated by a few large multinational
companies: Chiquita, Del Monte, Dole, Noboa, and Fyffes (Fairtrade Foundation, 2009). However,
there is a global trend of multinationals gradually withdrawing themselves from the production of
bananas (Lombana, 2011). This is the case since the EU import licenses have disappeared and transport
and logistic costs decreased. Although this made the global market more accessible for smallholders
(Valenciano et al., 2015), the bargaining power has shifted from traders to retailers at the expense of
producers (Lombana, 2011). In other words, the price pressure which caused the negative social
impacts are now mainly originating from retailers instead of multinational fruit companies. As a result,
the majority of banana production workers do not earn a living wage (Fairtrade Foundation, 2009).
Reducing the negative environmental- and social impacts of banana production is heavily influenced
by the involved costs of these measures since the international banana export market is highly
competitive (Josling & Taylor, 2009). An expert interviewee argued that the social- and environmental
requirements set by the industry increased, while the average banana prices only decreased. This could
be for instance the demand to adhere to a certain production standard as Fairtrade. Consequently,
pressure on producers increases to adhere to these requirements, maintaining the product quality and
increasing efficiency to keep the costs low (Woltering, 2017).
This pressure is enforced by the consumer demand for cheap bananas, since people did get used to
the current prices (Kema & Drenth, 2018). Robinson (2010, p.1) stated that: ‘’whilst supermarkets
continue to drive down consumer prices and put pressure on producers to reduce costs, a downward
spiral of working conditions is created regardless of the CSR policies in place.’’. Therefore, the
contradictory price pressure leaves little room for investing in sustainable production methods, both
socially and environmentally in banana supply chains.
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To ease these problems Kema and Drenth (2018 p. 30) argued that: ‘’the best thing that could happen
in the banana world is variety, for the monoculture finally to be broken. It would be good for the
environment, good for consumers and good for workers, who – if the business were structured
differently – might be able to reap benefits from a market that is not constantly in a race to the
commodity-littered bottom’’. A wipe-out of the Cavendish bananas by the Panama disease might
facilitate such disruptive change, although there are also reasons to believe the banana production
areas will get converted to African palm plantations in case of such event (Hough, n.d.). This would be
threatening for the banana workers since African palm plantations, used for cooking and biofuel,
require only 12% of the labor force compared to banana plantations. Already this has led to
unemployment, poverty and migration from the banana production regions in Colombia (Hough, n.d.).

Livelihoods
Next to the current low payment of workers, aerial spraying of pesticides and fungicides affect the
livelihoods of plantation workers. Since banana production is labor-intensive, the high levels of
pesticide, fungicide and fertilizer, pose a safety risk for the plantation workers. In the long term,
chemical residues accumulate in the soil, water, and sediment and cause an ongoing health risk (Kema
& Drenth, 2018). These risks are therefore of a permanent nature, which increases with the exposure
time. In addition, it applies to workers and people living near plantations because of contaminated
water and even too consumers due to the pesticide residues in the fruits (Chopin et al., 2016).

Social sustainability standards
Just as with environmental sustainability, there are various standards that aim to improve the social
sustainability of banana production. The SA-8000 standards have global coverage and focus on socially
acceptable working conditions (Kema & Drenth, 2018). More stringent is the Fairtrade International
standard, which aims to reduce poverty and increase sustainability by trade with more transparency
and justice than the current norm (Rijn et al., 2016). These social standards, however, are harder to
quantify and measure by metrics. Therefore, the enforcement of these standards is mainly conducted
via on-site audits and/or interviewing workers.
When a consumer buys a banana, which is Fairtrade certified or Rainforest Alliance certified, it should
be guaranteed that all the requirements of these labels are met. These requirements, however, are
not met in every case. This is either known or unknown by the auditor according to an interviewee:
Expert: ‘’There are still social abuses from certified farmers. So, we need to change how we
ensure compliance to the standards we have created.’’
Also, a study by Zaman et al. (2010) stated that most labels do not comply with their own stated policies
and that there is a gap between their policies and practices. To assess this also applied to the banana
industry, the Fairtrade International standard is examined and presented below.

The Fairtrade International standard
The scope of Fairtrade International is on improving social sustainability at plantations and ensuring a
minimum price. On top of this price, there is a premium intended for improving the livelihoods of the
local community. The minimum prices made the standard a critical export outlet for small-scale banana
producers in the past (Shreck, 2002). To be Fairtrade certified, farmers must join other farmers in
cooperatives. The premium is often paid to these cooperatives but can also be paid to a fund including
more cooperatives.
In practice, the Fairtrade premium requires banana exporters to pay one dollar extra for each box of
bananas which is invested in social projects. The cooperatives pay farmers the minimum price for
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bananas, minus all expenses of the organization itself, including all tasks previously performed by
intermediaries. This construction can benefit individual producers more, but can also consume much
of the Fairtrade premium should it not be done efficiently (Weber, 2007).
Although the impact of Fairtrade is debated among scholars, it is clear that the impact of the standard
varies among regions and countries, since it is depending on local variables. Still, it can be stated that
the overall impact of Fairtrade in the banana industry is marginal and ‘remains as much a reminder of
potential than a present-day reality’ (Kema and Drenth, 2018 p. 30). On a more positive note, the study
of Dragusanu et al. (2014) stated that Fairtrade certified producers received a higher price, used
environmentally friendlier methods and worked more standardized compared to conventional
producers. They concluded that Fairtrade does accomplish many of its goals, but on a modest scale
relative to the size of the national economy it operates.
In 2003, Fairtrade International was reorganized to make it more objective and professional. FLO-Cert
was established by the foundation itself, to oversee compliance with the requirements of Fairtrade. By
doing so, the process became more bureaucratic and the financial burden of certification was shifted
to the national labeling organizations which in turn shifted them to the producers (Raynolds, 2017).
This made the label less accessible for smallholders. Although Fairtrade bananas are a little bit better
compared to conventional bananas in terms of social responsibility and environmental responsibility,
they are still far from perfect according to the interviewees.
The Handbook of Research on Fair Trade of Raynolds and Bennet (2015 p. 480) described the
certification as: ‘Fairtrade was born to create spaces for small producers in a market dominated by
transnational oligopolies, enabling them to survive the vicissitudes of the market (Jaffee, 2007; Renard,
1999). Today, corporations have occupied these spaces with the authorization of FLO-Cert, which has
essentially ‘let the fox into the henhouse’.’ Also, some expert interviewees stated that the current
Fairtrade certification is not the way forward to enhance more sustainable production practices in the
banana supply chain:
Expert: ‘’Fairtrade auditing agencies, who audit and check the compliance with the standard,
have a very strange position. This, because they are basically paid by the plantations which
want to get certified. So, the auditors have basically a clear incentive to corrupt’’
According to the interviewees, ways of paying Fairtrade auditors can result in a less independent and
objective audit, and the results of an audit depend mainly on the integrity and skills of the auditor.
There is plenty of room to corrupt the certification process since people are entering data in a
computer, which is not regularly checked by anyone on its validity. In other words, the auditor is not
audited. This is backed by the conclusion of Albersmeier et al. (2009), based on a meta-analysis, who
stated that the validity and reliability of audits cannot be guaranteed and it is therefore doubtful if
third-party certificates actually achieve their stated goals. Auditing and certification by these
independent third parties are of major importance in the assurance and credibility of current standards
as Fairtrade (FAO, 2004). There is, however, growing evidence from the literature and the interviewees
that social audits in their current form are ineffective and remain merely a snapshot of the current
performance, even if done objectively and thoroughly (Manschot, 2018). Improving this would require
a change in how compliance with standards are ensured, and possibly even changing the standards
themselves.
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After all, if auditing practices remain ineffective, a database carrying the result of these auditing
reports will not make a supply chain more sustainable. Manschot (2018) concludes that social auditing
as risk mitigation does not lead to better business practices and remains a checking the box exercise.
Defining the desired impact of an audit, in open collaboration between buyers and suppliers, would
have the strongest chance to have a positive impact she argues.

4.4 Social performance of the Urabá region
Many of the social performance issues described in the previous section can also be found in the Urabá
region. Apart from that, the region has its own historical background which has influenced the current
social performance tremendously. The regional specific performance is discussed below.
Urabá was at the beginning of the 19th century, a remote region far from political centers of power
(Chomsky, 2007). When the United fruit company (today Chiquita) had its entrance, the lacking
governmental influence enabled them to ally with the local and national elite to support their
operation. The cultivation of bananas provided a major growth impetus, which made it the largest
banana production region of Colombia (Brown, 2013). By development of local infrastructure, the
region was transformed from an isolated rainforest to a commodity frontier in South America.
Supported with national policies aimed at agricultural development, the region became responsible
for 85% of the total banana growth of Colombia.
This was, however, not in the absence of negative externalities. The history of banana production, and
the country as a whole, is plagued with conflict and weak governmental power which still affects the
current situation in Urabá (Brown, 2013; Ostertag et al., 2014). An aggressive approach with violence
and death threats made many peasants flee the area, whereas banana plantation owners contracted
by United Fruits expanded their property (Chomsky, 2007). This, in turn, attracted much work seeking
migrants to the area, growing the population tremendously. In general, peasants in the area who had
cleared unclaimed forest lost it in the mid-1960s to the established elite and most small plantations
were bought by bigger plantations between 1970 and 1980. United Fruits owned some plantations,
but in Urabá they often contracted plantation owners to sell their fruit to them.
Working conditions were horrendous back in the 1960s and 1970s with shifts from 18 to 20 hours and
workers living in camps without water or electricity (Chomsky, 2007). During this time the first union,
Sintrabanano, was established by workers affiliated with the Communist party. United Fruit fired these
workers and imprisoned the leaders. Despite the multinational fruit companies fought the unions with
all means necessary, the unions were persistent.
Banana workers' unions have been most influential in obtaining better labor conditions for hired
workers and more fair treatment. Their influence was however not without sacrifices. During the
armed conflict in Colombia with the F.A.R.C., 8000 people died of which 800 were union leaders and
members in the Urabá region (Ostertag et al., 2014). This was however not the first-time people died
in Colombia because of the banana industry. Back in 1929 workers protested for basic human rights,
monetary wages and protection against pesticides. During a strike on a town square packed with
workers and their families, machine guns opened fire on the crowd making a reported 1000 kills within
five minutes (Kema & Drenth, 2018). This ended the strike and United Fruit (today Chiquita) could
continue to thrive in Colombia.
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Starting in the mid-1960s, the Revolutionary Armed Forces of Colombia (FARC) gained a lot of influence
in the region. The armed conflict in the following decades influenced banana labor relations
tremendously, of which the effects are still noticeable today. Chomsky (2007) described the history of
Urabá as: a tragic case study of how some very old, and some very new, aspects of globalization have
shaped labor organizing. Some of the world’s most powerless and marginalized workers found allies in
leftist political and guerrilla organizations that were both global in ideology and intensely local in
practice. The banana growers relied on the neoliberal state and rightist para-militaries to unleash an
extraordinary wave of violence to crush the leftist unions.’’ In 1989 Chiquita, still one of the major
banana exporters were paying the FARC to protect banana-harvesting operations in the Urabá region
and became associated with drug activities in their transport operation (Frundt, 2009).
In 1966, the ‘Union of Banana of Urabá’ (Uniban) was created by United Brand (today Dole). It formed
a partnership with Walleman & TA (today Fyffes) to export bananas to Europe in 1975 (Valenciano et
al., 2015). As the European Union was implementing Import quota based on the ‘first come, first
served’ principle, this partnership had a significant comparative advantage since the fruit companies
possessed their own shipping company to deliver bananas to Europe (Valenciano et al., 2015). Fyffes
tripled its sales between 1992 and 1997, because of the license which enabled them to sell on the
European market (Frundt, 2009).
The criticism and pressure from NGOs and consumers grew on the sustainability of banana production
in the 1980s. As a result, some corporates adopted voluntary standards, labor-management
agreements, and monitoring systems to commit themselves to more socially responsible business
practices. By doing so, certification became a mean to prove environmental friendly processes,
society’s welfare, fair trade practices and traceability (Robledo-ardila & Avila, 2014). While the banana
industry was aggressively fighting unionization of their workers at the beginning of the 1980s, they also
established charitable foundations. This to establish basic needs such as housing, education, and
healthcare as a reaction to the growing criticism. Ownership of the plantations was until 1990 in the
hands of large multinational exporters but was transferred to national commercial farmers owning
multiple farms.
Altogether, the Urabá region has been shaped by the emergence of the banana industry, armed
conflicts and weak governmental control in the region. Looking at the current social performance of
the Urabá region, Celestina (2016, p. 389) described that: ‘people’s attitudes towards Urabá changed
from being a desirable place to grow old to a place of displacement, where only short-term plans were
made.’. The violence of decades ago is still influencing the current situation in Urabá. An agricultural
elite established itself in the region to develop an input-intensive industry that competed with other
corporate plantations in Central America (Brown, 2013). This led to the development of mainly large
and medium scale plantations (>15 hectares). They became organized in cooperatives to guarantee a
standardized product to traders, while traders can support them with technical and even financial aid
in this organization form better (Lombana, 2011).
The labor on such cooperative plantations is currently mainly done by men, who are living in the region,
as permanent or temporary workers (Ostertag et al., 2014). The main objective of these plantations is
‘’to maintain acceptable profitability levels by maximizing banana-yield levels and minimizing their
production costs, without damaging the environment or exploiting their hired workers.’’ (Ostertag et
al., 2014 p. 19). There are however quite some environmental- and social sustainability issues resulting
from banana production in the region. In Urabá there are several initiatives dealing with these
sustainability issues, such as Fairtrade certification. However, the impact of this Fairtrade standard for
banana production in the Urabá region is debated (Brown, 2013; Ostertag et al., 2014; Rijn et al., 2016).
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A recent study of Albertus (2019) found that if the price of bananas or coffee surges, public land grants
spur for plantation suited lands in Colombia. These lands are sold by the owning municipalities to the
elite which leads to an even more unequal division of land in Colombia and the decline of natural
habitat such as forests. As Albertus (2019, p. 295) stated: ‘picture an organized, politically connected
“agrarian bourgeoisie” as the presumptive winner of Colombia’s enormous project of granting private
property rights over public lands in recent decades. Squatters and wage laborers struggle to compete
with organized interests in winning land grants.’. There is, however, also a group of producers in Urabá,
with small-scale infrastructure, which gained significant participation in international markets. Still,
due to the desire to have a standardized product they have to form cooperatives and contract
international traders to live up to the desired standards (Lombana, 2011).
The regional industry wanted to commit to corporate social responsibility (CSR) to stay competitive on
the global market and demonstrate its commitment to more sustainable production practices. This
commitment resulted from growing consumer pressure and even consumer activism which demanded
more ethical bananas (Brown, 2013). Brown (2013, p.2582) described the CSR adoption in Urabá as:
‘While this has involved some concessions to labor, the discourse gives Urabá’s elites the ability to
‘perform’ corporate social responsibility while maintaining a favorable business climate, based in
neoliberal policy and practice’. The citation depicts a situation where some concessions are made to
serve the consumer demands, while more fundamental issues stay unresolved.

Fairtrade in Urabá
The entry of Fairtrade certification had reinforced the economic and social recovery of the banana
producing regions after the armed conflict (Osterag et al.,2014). By bringing critical resources to the
region, Fairtrade improved the livelihoods of workers on certified plantations (Brown, 2013). To
measure the improvements, the study of Rijn et al. (2016) compared the situation of wage workers
between Fairtrade certified plantations and non-Fairtrade certified plantations in banana exporting
countries, including Colombia. The study concludes there are no differences between primary wages
received by workers on certified and non-certified plantations. This is not surprising since in Urabá the
workers' unions are responsible for all wage negotiations with plantation owners, including Fairtrade
certified plantations. These unions have quite some impact since 14.000 of the total 16.500 workers
in Urabá were members of a union in 2009 (Josling & Taylor, 2009). The in-kind benefits derived from
the Fairtrade premium caused an improvement in livelihoods for plantation workers and their families.
A number of 54% of the interviewed workers in the Urabá region indicate that Fairtrade has a positive
effect on their livelihoods due to the in-kind benefits they receive. These in-kind benefits could be
housing and education facilities, paid by the Fairtrade premium. Furthermore, job security is perceived
higher on certified plantations in Urabá while access to workers’ rights is lower compared to workers
on non-certified plantations. Most workers on certified plantations were satisfied with their personal
situation and described that Fairtrade positively affected this due to training and the in-kind benefits.
The social benefit of Fairtrade certification is however limited according to Rijn et al. (2016). This, as
plantations are already obligated to comply with laws or collective bargaining arrangements which
apply to all plantations and don’t require a higher standard for Fairtrade certification. Fairtrade has a
large potential impact on empowering wageworkers, mainly due to the additional in-kind benefits.
Brown (2013) stated however that besides the benefits of Fairtrade in Urabá, the standard has
significant limits which can only be understood by exploring the historical context of the region and its
intersection with the Fairtrade market model. She argued that Fairtrade can create new tensions
between actors involved in the production of bananas. For example, about how to spend the Fairtrade
premium.
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On a more abstract level, social issues can for a large part be attributed to the emergence of neoliberal
globalization, which enabled exploitation of labor and lands in Urabá since the 1960s (Chomsky, 2007).
The combination of neoliberal globalization and weak governmental control in the past can be
perceived as the main driver of the current social performance of Urabá. There are initiatives trying to
alleviate the social issues, but their impact is still rather limited and is not dealing with the fundamental
causes of these issues in Urabá. Since retailers in destination countries demand low-cost bananas,
there is continuous pressure on the negotiation power in the previous steps of the supply chain. This
makes it harder for producers to alleviate environmental and social problems and requires them to
form stronger alliances to empower themselves and create opportunities for more leverage in price
negotiations (Lombana, 2011).

4.5 Conclusion sustainability performance
There are numerous sustainability performance issues resulting from the production of bananas and
how they are traded. Since the bananas are grown in monocultures, the production relies on significant
inputs to produce the desired quality and quantity. This is not in the absence of various externalities
which negatively influences the surroundings. Besides, the unsustainable production and trade
methods in the banana industry are responsible for negative social impacts on the production region.
The continuous price pressure, first from multinational fruit companies and now from retailers, leaves
little room to invest in more sustainable business practices. Still, several standards try to deal with
different aspects of sustainable banana production, but their effectivity is limited and is only applicable
on a modest scale. This, since more stringent standards, have a relatively low market coverage. Even
when these standards are applied, managing its compliance is currently ineffective. If the overall
sustainability of a supply chain should be improved, metrics or standards should cover the entire chain
and the auditing practice should be critically reviewed and revised to maximize its positive impact.
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5 The case study: the banana Powerchain
This chapter will first outline the current traceability practices in the Fairtrade banana supply chain of
Fyffes to PLUS. Second, the current data management systems are discussed to outline the digital
infrastructure on which a blockchain can be built. Third, the implications of the Powerchain on the
current traceability and data management systems are stated. Finally, the perception and willingness
to share different information among supply chain actors are described.

5.1 The supply chain of Fyffes and its current traceability
The Fairtrade banana supply chain of Fyffes originates from plantations in Colombia and ends up at
PLUS in the Netherlands. This supply chain is visualized in figure 4 on the next page, and illustrates the
whole banana journey, from farm to fork, including its logistical bottlenecks. Currently, traceability is
mainly managed by Fyffes, which keeps records about the journey from a plantation in the Urabá
region, Colombia to the ripening facility in Straelen, Germany. This subchapter will describe this
process and the bottlenecks identified during the fieldwork.

Plantation to harbor
When the bananas are ready to be harvested at the plantation, they are cut from the trees and
transported to an on-farm place to be processed. Here, they are washed and stickered where after the
bananas are put in boxes. These boxes are stuffed on pallets of 56 boxes, which appear to be the most
efficient for stuffing in a container. The pallets get a unique Serial Shipping Container Code (SSCC) label
which is managed in a Fyffes database. This is a standardized shipping label for pallets and containers,
used in many industries to track and trace products. The pallets are then put on a small truck and
transported to an inland harbor to get stuffed in air- and temperature-controlled containers. The
containers are transported over a river by a barge (a small push boat) to a ship that is waiting in the
bay since it cannot enter the shallow river.

Harbor to shipping
After this first step in the supply chain, the bananas are bound for overseas transport by Maersk. Using
a crane to board the containers on the ship, Fyffes keeps a record of which pallet is in which container
on the ship. All containers regulate the airflow (25m3/hr.) and temperature (13.3⁰C), and some more
advanced containers regulate the inside climate in terms of O2 and Co2 balance to have more grip on
the ripening process in the container. Both are logged in the Realtime Container Management (RCM)
system. The containers are connected with a modem to a GSM network, or with the ship at networkless
areas at sea. Furthermore, the ship communicates data about each container in real-time to the RCM
platform, which makes the container performance accessible through a portal.

Shipping to harbor and ripening
Each week, two ships are stuffed with bananas originating from plantations contracted by Fyffes. The
journey will take approximately 14 days to reach the harbor of Antwerp, where the bananas are stored
in a cooled warehouse. Here, the number of boxes on each pallet is lowered from 56 to 48 boxes on
each pallet, to be processed more conveniently at later steps in the supply chain. Every day, different
transport companies collect the bananas from the warehouse and bring them to the ripening facility
in Straelen, Germany, where they are stored and monitored under specific temperature- and
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atmospheric conditions to get the desired color and taste. The pallets are not scanned at the ripening
facility on arrival, but the pallet SSCC’s are sent by email from the port in Antwerp to the ripener.

Ripening to distribution to supermarket
After the bananas are done ripening, they are transported to the distribution center of Hollander
Barendrecht. To be processed by the systems of this distributor (which works solely for PLUS), a new
SSCC code with the number of boxes on a pallet is assigned to each outgoing pallet at the ripening
facility. This new SSCC code does not link with the previously assigned SSCC. As a result, the pallets of
bananas are not traceable anymore to the origin after the ripening, since the link between pallets
cannot be made. At the distribution center, the pallets are stocked and picked manually by order
pickers to get distributed to supermarkets throughout the Netherlands. In this process, there is a new
SSCC code assigned to a pallet which also includes other fresh products next to the bananas. This SSCC
code links on paper to the previous SSCC, but in practice, there are multiple banana pallets where
order pickers can choose from. Therefore, it is not certain if boxes from a specific pallet end up in a
specific supermarket.

5.1.1

Bottlenecks

In the entire tracking and tracing process, no linkage between the banana pallet and the individual
banana hands or banana boxes are made. As illustrated in Figure 4, this is the first bottleneck for track
and tracing. Through this bottleneck, the current Fyffes traceability system is only able to track pallets
of bananas accurately through the supply chain instead of boxes or hands of bananas. This accurate
information can thus not be fully used for the consumer perspective since they purchase the hands of
bananas instead of pallets.
The second bottleneck occurs because of the lowering of a pallet from 56 to 48 boxes, where the
remaining 6 boxes are put on new pallets with other remainders. These pallets are labeled with a new
SSCC code, which does not share a linkage with the SSCC code of the former pallet. Therefore, over
10% of the total volume loses its pallet traceability. This creates no problems since there is no need to
trace the boxes back to its origin in real-time and digitally.
If there is a problem with a specific box on a mixed pallet, there is a code on each individual box that
reveals its journey upon request. This, however, is not digitally registered and is therefore not usable
for a track and trace system in the current data gathering form.
The third bottleneck for tracking and tracking the banana is because the previously used SSCC code is
not registered when entering or leaving the ripening facility. The ripening of bananas is a delicate
process that requires some adjustments during the ripening. These adjustments, such as for example
the swapping of a pallet to another room because of faster ripening in a batch, are not logged digitally.
The ripener adjusts its ripening scheme to the predicted demanded volume of retailers. Until now,
there was no need to track and trace each pallet at this step at the supply chain.
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Figure 4: overview of the current Fairtrade banana supply chain from Urabá, Colombia to PLUS with the used traceability system and its bottlenecks

5.1.2

Fairtrade supply chain versus conventional chains

The processing and handling throughout the supply chain of Fairtrade and conventional bananas is the
same in bananas of the Fyffes supply chain. Only at the plantation level, there is a difference. A farm
needs to be certified and Fairtrade bananas should be held separate from the conventional bananas.
This is done in practice by a unique product code for Fairtrade pallets through the supply chain.
However, they are handled, shipped, ripened and distributed in the same manner while kept apart
during the entire journey. This means that their traceability is similar and that they are handled in the
same system as conventional bananas (although placed under a different product code). The described
traceability system is identified in the literature for other banana supply chains as well (Kema & Drenth,
2018). Therefore, the obtained insights apply most likely to other banana supply chains.

5.2 Current data management
In this subchapter, the current data management
within the supply chain is described to outline the
current digital infrastructure on which a blockchain
can be built. There are several data management
systems used in the banana supply chain. Some
databases from banana supply chain actors are
only used at a specific processing step and are not
easily accessible for other actors. This does not
apply to the part of the supply chain between the
plantation and the ripening facility since this part is
managed by Fyffes. From the perspective of the Figure 5: Data management overview of the case studied
supermarket, Fyffes is responsible for all the steps supply chain
in the supply chain until the distribution center, as
from here the bananas are transported to PLUS. Figure 5 illustrates the current data management
outline of the supply chain. Fyffes collects the information from Uniban (the banana exporter), who
coordinates the operation of all plantations, Maersk (the shipping company) which ships the bananas
and the Port of Antwerp where the bananas are unloaded and stored. Banafood (the ripener) makes
sure the bananas have the right color as they arrive in the supermarket and Hollander Barendrecht
takes care of the distribution to those supermarkets. This is done via different manners which will be
elaborated on below.

Data from Urabá
The data of Uniban consists all logistical data of the Fairtrade certified plantations. It is collected via a
system that is partly attached to the Fyffes data system, which allows Fyffes to track which farm
delivered which boxes. Here, the system uses the assigned SSCC codes of a pallet as the unique
identifier. Besides, each box is labeled at the farm with a unique farm- and date code. This makes it
possible for Fyffes to locate the problem to a farm within a few hours and locate a pallet within 30
minutes, in case there is something wrong with a certain box. The company can see who worked at
the plantation when the box was produced, and therefore who most likely made a mistake. Although
Uniban discloses sustainability data on their website, the continue data supply to Fyffes is regarding
logistics and volumes.

Overseas transport
Maersk collects the logistical and container performance data about the bananas during the shipping
in their RCM platform and makes it available for Fyffes through a portal of Maersk itself. As illustrated
by the following quote, the system made responsive supply chain management possible:
Shipper: “The RCM was a real game-changer for the industry. In the past, you had little
insights into how fruit arrived at a destination. So, if something went wrong during transport
we could not adapt to it. Now, we can see the performance of a container in real-time and
take action if necessary. Therefore, by using the RCM system, food waste is lowered.
.”

Ripening in Europe
Logistical data from the ripening facility is sent weekly to Fyffes. The ripener, Banafood, uses a data
management system to manage the ripening. This system is called: the Hamburg system. Banafood
shares it’s sold volumes with Fyffes weekly. The Hamburg system, together with an excel based
transportation system, manages the processing of the bananas. Furthermore, Banafood labels the
pallets with a new SSCC code when they leave the ripening to enable processing at the distribution
center. Banafood can trace down the following factors if needed: which ship was transporting a pallet,
when the pallet was transported, by which driver it was transported and when it was supplied it to the
Distribution center of Hollander. This information is, however, not directly available in digital format,
since the codes can only be found manually on the boxes.

Distribution to supermarkets
Every week, Hollander (the distribution center) reports a quality check to PLUS for each incoming batch
of bananas. Every week, Hollander, Banafood, and Fyffes have a meeting to discuss the required
volume for PLUS in two weeks. At the distribution center, Hollander makes use of three different data
management systems to distribute all the fresh- and semi-fresh products to PLUS. For all products,
they record the incoming and outgoing volume to the different supermarkets. However, it is not
exactly recorded which box of bananas goes to which supermarket.

The supermarket
Currently, PLUS is not collecting or sharing data from the bananas of Fyffes. In case of a promotion
with bananas, Fyffes is contacted a year beforehand. This is done so that Fyffes can make sure a higher
demand can be supplied.
Altogether, since Fyffes keeps track of a large part of the supply chain, a large part of the banana supply
chain is already connected. From the plantation to the ripening facility, the supply chain is monitored
by Fyffes on pallet level. From here onwards, however, the digital traceability of the pallets is lost,
since the ripener does not yet create a link between the incoming and outgoing SSCC code. The
traceability to its origin can after the ripening facility still be conducted through a sticker on each box,
but the digital tracking is unavailable since there was no need to do so in the past.

5.2.1

Compliance with certificates

Every actor in the supply chain is responsible for their own compliance with certain (sustainability)
standards such as Fairtrade. Proofs of possessing a standard do not travel along the supply chain, as
there is no need to do so yet. Nevertheless, plantations contracted by Fyffes are monitored by Fyffes
on their compliance with several standards by their own CSR team trained in SMETA audit
methodology. This team performs internal audits at contracted- and self-owned farms of Fyffes before
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an official audit for a certificate takes place. The results of this audit are for internal usage only. Farms
involved in the case study supply chain are GlobalG.A.P.-, Rainforest Alliance- and Fairtrade certified.
Fyffes has access to the audit reports of certifiers to see what should be improved at a plantation.
These are often minor issues but could also be major non-compliances that hinder certification of the
plantation. Fyffes is, however, not responsible for the compliance and validity of the certificates of the
contracted farms, since the plantations are owned by national farmer groups.

5.3 Powerchain implementation in the banana supply chain
This subchapter will analyze the implementation of a blockchain-based database within the Fyffes
Fairtrade banana supply chain destined to PLUS. The implementation is analyzed by applying the first
three dimensions of the deliberative blockchain adoption framework on the Powerchain. As stated,
the Powerchain was implemented to show consumers the origin of their bananas. SIM was responsible
for the software behind the Powerchain and was chosen as the transparency provider by PLUS. SIM
strives to provide more transparency and traceability in food supply chains. In collaboration with
external developers, they have built a private permissioned blockchain-based database to provide
supply chain transparency. They describe the aim and workings of their Powerchain as: “one of the goto tools for certain products to increase visibility and transparency in global supply chains. It is a way
to bring supply chain partners together, combine technology with content for smart contracts, and act
as validators of the information uploaded to the Powerchain” (SIM Supply Chain, n.d., p.1). The
Powerchain is already implemented in various commodity supply chains as eggs, oranges and Tilapia.
Thus, the solution of SIM is not limited to the adoption form in the banana supply chain of this case
study and can be implemented in various forms, including various data content and transparency
levels. This case study will, however, limits the findings to the current implications of the Powerchain
in the banana supply chain.
The Powerchain adoption in this supply chain is done in phases. This research was conducted during
phase one, were the blockchain based track and tracing of bananas is made possible and the consumer
website is built within a timespan of five months. According to the project team, this is a limited
timespan to implement such a project which made that some aspects of the project need to be
implemented in phase two in order to deliver a viable product in phase one. The implications of
adoption are therefore limited to this implementation phase and can change considerably in the next
phases when other features are implemented within the project. For this case study, the first three
dimensions of the conceptual framework (stakeholder engagement, local context, and operational
feasibility) are reviewed in the following subchapters. After doing so, a short conclusion about
Powerchain implementation in the supply chain is provided.

5.3.1

Stakeholder engagement

The first dimension, stakeholder engagement, identifies the support of adopting BT based on the
possible shifts in social relationships between stakeholders and their perception towards the
Powerchain project. Both will be described in this subchapter in various identified themes. After
elaborating on this, a conclusion on the stakeholder engagement is given.

Defining the data input
With the implementation of the Powerchain, a balance had to be found between data transparency
and proprietary information. The supply chain actors needed to agree on which data is shared on the
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blockchain. Although some actors did not perceive benefits from the Powerchain, everyone was willing
to provide some information about their business activities. The information they could disclose
differed among the actors since every actor in the supply chains undertakes different activities. For
example, some actors were motivated to disclose it because they are proud of what they are doing,
while other actors wanted to give more information to lower the negative image of banana production.
There are, however, trade secrets that cannot be disclosed because of market competition. This
applies, for instance, for the ripening which has been perfected over the years, as illustrated by the
following quote:
Ripener: “We have a special ripening system which nobody possesses. We know exactly how
much ethylene should be added to gain the longest shelf life. If we share this knowledge,
someone else can do the same”.
The supply chain of Fyffes implemented the Powerchain on top of existing (logistical) supply chain
management systems which decreased the demand for new data to feed the Powerchain. Since this
existing track and trace system started recording from the Colombian harbor, it implied that the
plantations themselves were not feeding the Powerchain with data. The actors who did feed the
Powerchain needed to agree on a standardized data model and content of this model. The
standardization was needed so the Powerchain can process it. This came down to deciding on the
number of columns for the input, the content of these columns, the format of the content and (most
importantly) how to link all these data inputs to digital pallets of bananas. How this process was
conducted could not be assessed during the case study since the fieldwork took place after the actors
agreed on which data to share and submit to the Powerchain.
The Powerchain project also included in phase one an LCA to offset the Co2 emissions caused by the
supply chain. Although not part of BT, this made the bananas the first carbon neutral banana sold in
Dutch supermarkets. The disclosure of sustainability performance is currently not via the blockchain,
but via the consumer website of PLUS. Here, general statements can be found such as the impact of
Fairtrade, a generic CO2 emission LCA and intentions to reduce production resources such as water,
fuel, and agrochemicals.
This claim is backed by the Climate Neutral Group which provided the LCA. On this website, PLUS
focused on the disclosure of benefits of Fairtrade certification in Urabá, while Fyffes wanted to disclose
Importer: “We strongly support transparency, as it is one of our core values. We have
nothing to hide, since we know that we are a decent banana specialist. […] We would like to
tell how the Fairtrade premium is spend since that system works very well”.
more sustainable business practices of their contracted plantations. According to an interviewee,
telling both these stories might change the sometimes-negative perceptions from consumers about
the banana industry, as illustrated by the following quote:
Although the manner of information disclosure has little to do with the blockchain itself, it is part of
the Powerchain project. Currently, the only data for the consumer to see in the Powerchain are
processing and transport dates. However, supply chain actors can store their certificates on the
platform which allows SIM to verify them and assign a ‘SIM verified’ label to the supply chain, which is
shown on the consumer website. The certificates that are used and stored in the Powerchain include
Fairtrade, Global G.A.P., Rainforest Alliance (RFA) ISO 14001, Global Standard for Agents and Brokers
(BRC), IFS Logistics and Authorized Economic Operator (AEO). In later phases of the project, more
information will be added to the blockchain, including sustainability performance data, according to
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the project team. How this will affect the stakeholder engagement could not be assessed within the
timespan of this case study.

Required effort
During the implementation phase, the supply chain actors had to conduct extra proceedings or
automate deliverables to meet the desires of the initiators. Although this created some tensions, the
effect of the overall engagement in the supply chain remained limited. These tensions were mainly
because of the increased efforts required for implementing the Powerchain, without a clear reward
for these efforts. Implementing this project costed a lot of time and effort for the involved supply chain
actors. Especially creating website content (for www.plus.nl/banaan) and implementing some
operational changes consumed most of their resources. According to an interviewee, this was more
than expected beforehand (particularly since there was already a track and trace system in place which
could be used):
Importer: “Filling the content for the blockchain consumed most of our time. Creating the
farmer profiles, stickering the bananas and the due diligence in the entire operation. We
calculated that Fyffes alone already contributed 1 FTE during the project”.
Next to creating the website content, some operational changes were necessary to trace the bananas
back to their origin. The technical details of these changes are described in subchapter 5.3.3. The
changes have also influenced the stakeholder engagement since some of them had to change their
daily operation to enable the track and tracing. When there was no perceived benefit for the required
effort, it led to tensions between actors.

Perceived benefits
The perceived benefits of this track and trace data differed among the interviewees. Some perceived
the Powerchain already as a rolling audit (where the supply chain was continuously monitored on its
performance), while others saw it as a starting point to experiment with the technology. The
assumption of the initiators was that everyone would benefit from increased transparency and
Distributor: “We join the Powerchain project at the request of PLUS. We expect not to have
direct benefits of the blockchain in our daily operation. However, the project allows us to
show that our part of the supply chain have been taken care of by Hollander Barendrecht”.
traceability which the Powerchain. This could be by logistical efficiencies, quality measurements, cost
reduction or enhancement of consumer trust. What became clear, however, during the fieldwork by
joining meetings and conducting interviews, is that the project was not a joint effort to increase the
transparency of the supply chain. It was mainly driven by the desires of Fyffes and PLUS who steered
the project. As illustrated by the following quote, other actors such as the ripener, shipper and
distributor did not yet see the benefits of implementing it for their own daily operation:
They were not planning to use the platform in their daily operations since the current working practice
was already functional and there was no reason to change them. They mainly collaborated in the
project because they were already part of the supply chain of Fyffes to PLUS. Still, if the technology
was proven to be beneficial in terms of efficiency or cost reduction, they are willing to embrace it.

Shifts in power structures
Implementation of the Powerchain resulted till now only in a marginal shift in power structures
between supply chain actors. Compared to other supply chains, actors do know more about the
provenance of the banana which enables them to verify business practices of their supply chain
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partners by reviewing their certificates for
instance. Moreover, the project provided
Fyffes with more insights in their total
supply chain and enabled them to digitally
track their bananas to a group of
plantations. It also differentiated their
Fairtrade bananas from other Fairtrade
bananas by making them traceable to the
plantation group. Moreover, by making the
supply chain carbon neutral trough
offsetting the emitted CO2, it resulted in
the first climate neutral banana in a Dutch
supermarket. This allows for showing their
Corporate Social Responsibility (CSR) to Figure 6: Picture of the Fairtrade blockchain bananas in the shelves of
consumers and could enable them to ask a a PLUS supermarket
better price for their product. If this leads to better payments of workers on the plantation remains
unclear. On the other hand, the Powerchain implied new requirements for the supply chain actors to
remain part of the supply chain. Although it could be that actors are financially compensated for these
extra efforts, the negotiating power does not shift from the retailer to plantations because of this
project. The initiators of the blockchain decide on the terms of a project, while the other actors have
to comply with the new requirements. If this created a vendor lock-in (dependency on the buyer) effect
of supply chain actors could not be assessed in this case study. However, this phenomenon can also be
found in other blockchain projects and is therefore further explained in subchapter 6.1.
The Powerchain did bring a registrar as a new actor to the supply chain which provided the supply
chain actors with digital entities on the blockchain platform. Additionally, the registrar facilitated the
adoption of the Powerchain and remain active as the data verifier on the platform. Since this research
was conducted at the start of the project, the effect of this new actor on power structures within the
supply chain could not be assessed. Moreover, at the time of writing the Powerchain project just
passed phase one. Phase two could result in other shifts which are not yet recognized in the current
adoption form, especially since the goal of the project is to make the supply chain more sustainable
over time.

Implications for consumers
Consumers interact with the blockchain-based database by scanning a generic QR-code stickered on
the bananas as illustrated in Figure 6. The QR-code links to a website (www.plus.nl/banaan) where
they can enter a code, (the FLO-ID) which refers to the banana hand they bought. This code refers to
a specific group of farmers and the date of purchase. The search engine searches for matches within
the database. When a match is found, it means that this specific group of farmers produced a pallet of
bananas which is most likely in the supermarket during the purchase date. By taking this approach, the
product journey is an estimate based on a bandwidth of minimal and maximal days the banana could
have been in transit. Since the project is aimed to make use of existing track and trace systems within
the banana supply chain, the track and tracing of bananas starts and ends at pallet level. This means
that only tracking codes of the pallets, containing 54 and later 48 boxes of bananas, are stored on the
Powerchain.
The product journey that shows up after entering the code describes the journey of the banana from
plantation to consumer. Each group of plantations has their page which outlines their story, provides
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some facts about the plantation itself and outlines their socially- and environmentally friendly
activities. Compared to other bananas in shelves of Dutch supermarkets, this system provides the
consumer with more transparency about the origin and journey of their bananas.
This results in a slightly more empowered consumer by the Powerchain since they have more insight
into the provenance of these bananas compared to other bananas. This, since he consumer can see
from which group of plantations their banana is originating which is not possible with other bananas
yet. Still the empowerment of consumer’s remains limited since the supply chain itself decides which
information is shown to the consumers and actual sustainability performance is limited to a generic
carbon LCA of the supply chain. Therefore, the trust in claims made by supply chain actors remain with
the supply chain itself or with actors that back the claims (such as the Climate Neutral Group (CNG) on
the climate neutral claim). The Legitimacy of the standards possessed by various supply chain actors is
verified by SIM which also can enhance the consumer trust of the claims made by the supply chain.
Before the Powerchain, consumers had to trust the retailer or its suppliers that the claims made about
a banana are legitimate. This shifts towards the CNG regarding the climate neutrality, which will remain
the case with the Powerchain in place. Why this generally remains the case is further explained in
subchapter 6.4.

Perceived outcome
The initiators assumed that with the blockchain the bananas would become fully traceable and that
legitimacy of the claims on the Powerchain would be guaranteed by the design of the blockchain.
According to some interviewed supply chain actors, the idea was that communicating the possession
of a certificate via the blockchain (for example being Fairtrade certified), would be sufficient to make
certain claims about the provenance of bananas (such as to pay fair wages for the workers on the
plantations). Before the blockchain project, consumers and other supply chain actors had to trust the
contracted supplier that the sustainability claims on a particular banana were legitimate since there
was no manner to verify that a claim was legit. Putting data on the blockchain, however, can prove the
banana was produced under Fairtrade standards since the bananas are traced back to their origin.
Nevertheless, also with the blockchain in place, according to the retailer it remains the responsibility
of the supplier to make sure there are no wrongdoings or quality issues within the supply chain. This,
since these remain the terms on which the supply chain actors collaborate, as illustrated by the
following quote:
Retailer: “We have a ‘yellow-deal’ with Fyffes, which means that Fyffes takes responsibility
for all the supply chain steps before it arrives at the distribution center. [...] Fyffes makes
sure we are supplied with high-quality Fairtrade bananas with a good taste.”

Future vision
Most actors were open-minded about the future of this project, as they wanted to discover what BT
could bring to their business. Nevertheless, many interviewees were still uncertain about the costs and
benefits of using BT. According to various interviewees, this blockchain project could make this clearer.
Therefore, BT might become implemented at a larger scale, once it is proved to be beneficial and easy
to work with. Besides, it could help in making the supply chain more sustainable over time. This can be
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in terms of Co2 reduction, operational standardization, enhancing efficiency and more general
sustainability improvements as illustrated by the following quote:
Importer: “We have to experience what the Powerchain will bring us. We perceive it as a
continuous monitoring platform for quality, farm performance and certificates. Besides, we
would like to use it to make the supply chain more sustainable over time.”
The shipper who already had experience with BT did already see the benefit of the technology in
general. This was mostly in terms of cost reduction for their daily operations. They were willing to
embrace the technology in the future, although they stress that this would only be beneficial if BT is
adapted on a large scale. Ideally, the Powerchain will feed the data management systems in the supply
chain to work even more efficient and become interoperable with other solutions.

Conclusion stakeholder engagement
Although the Powerchain project required time and effort from each supply chain actor, the degree of
engagement differs among them. As the actors were already collaborating in the supply chain before
the project for a long time, the actors implemented the requirements of the Powerchain. Especially
the perceived benefits were not aligned among supply chain actors and some did not see the benefit
for their operation yet. Since the platform could make use of existing data management systems, and
Fyffes applied a track and trace system to a large part of the chain already, this did not create
insurmountable tensions between supply chain actors. Altogether, the BT adoption did not result from
a joint desire from all supply chain actors to solve certain issues or create transparency, but from the
retailers' desire to enhance transparency of the banana supply chain for their consumers.

5.3.2

Local context

This dimension considers the suitability of BT with local characteristics, including the (digital)
infrastructure and social and environmental situation at the production site/plantation. After
elaborating on this, a short conclusion about the local context dimension is provided.

The required digital infrastructure
To utilize BT in a supply chain, digital infrastructure needs to be in place at every step in the supply
chain. When this is available, supply chain actors need to agree on a standardized data model. As the
Powerchain is built on existing data management systems, the supply chain could adapt rather easily
to the available infrastructure. Consequently, the banana pallets are tracked from the Colombian
harbor onwards, which leaves the plantations out of the desired digital infrastructure. The main reason
for doing so, is building the Powerchain on top of the existing data management systems to lower the
burden for the supply chain according to an interviewee. As a result, the Powerchain requires only the
application of an extra sticker at the plantation. Besides, it did not require extra skills for workers at
the plantations to implement the Powerchain in the supply chain.

Regional benefits
This tracing was already done for Fyffes by Uniban (which manages the export of all contracted
plantations), which now had to be uploaded to the Powerchain. There are no indications found that
the Powerchain itself will directly improve the livelihoods of the local community besides facilitating
the storytelling about the local benefits of Fairtrade certification and the social- and environmental
efforts of plantations. Still, the Powerchain project intents to launch a ‘Tip 2 Farmer’ feature as part of
the project which allows consumers to donate money into a fund which will be invested in the region.
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Besides, the project team is looking for reforestation projects in the Urabá region to be part of the
carbon mitigation efforts. As both projects will likely happen in phase two, the benefits of this feature
could not be assessed in this research.
Currently the Powerchain only provides track and trace data without plantation specific content or
transferring value directly from consumer to plantation. Therefore, there is no clear incentive
mechanism for individual plantations to, for instance, improve its sustainability performance of
production to gain a better price for their product. At the same time, consumers can not verify the
legitimacy of a sustainability claim via the Powerchain since the tracking only starts at the harbor. The
local benefits remain attributed to the Fairtrade premium which was already in place before the
Powerchain was implemented. Still, the level of provenance about the product has increased
compared to other bananas and there are efforts within the banana Powerchain project planned for
phase two which can bring regional benefits.

Conclusion
Altogether, Powerchain adoption was relatively easy since there was already a track and trace system
in place in the supply chain. The initiators decided to build the Powerchain on top of existing databases
which leaves an important part of the banana journey out of the blockchain. This is a major
disadvantage for the validation and triangulation of plantation specific sustainability claims, like
Fairtrade certification, via the Powerchain. Therefore, it can be concluded that the Powerchain in its
current application leaves the local context of banana production out of account which makes the
triangulation of certain sustainability claims via the blockchain unfeasible. Consequently, the
legitimacy of claims about regional benefits of the Fairtrade certified blockchain bananas remains in
hands of supply chain- and Fairtrade certifying actors. There are however features planned for phase
two of the Powerchain which might bring benefits to the Urabá region as the Tip 2 Farmer initiative.

5.3.3

Operational feasibility

As mentioned, the operational feasibility describes the technical BT alignment in the current supply
chain. By looking at the BT requirements, compatibility with existing technologies and current
information collection practices, the operational feasibility is outlined. First, the BT requirements are
described, followed by the operational changes they imply. Hereafter, a short conclusion about the
operational feasibility of the Powerchain is provided.

Requirements
As stated in the previous dimensions, a blockchain-based database for a supply chain requires a digital
infrastructure with the possibility to track and trace a product at each step of the supply chain. The
current track and tracing process can remain the same if recorded digitally. Only an extra linkage
towards another database is required for implementing the Powerchain. This connection can let all
siloed data management systems (databases that do not communicate with others) in a supply chain
interact. This could be done via a centralized database, but doing it with BT makes it decentralized and,
therefore, immutable.
Ultimately, a large part of such a traceability solution can be automated disregarding if it is stored in a
centralized or decentralized database. Still, the track and tracing should be digitally possible on a
meaningful scale to serve the needs of the initiators. This means that in case there is a problem with a
box of bananas, the box should ideally be located on pallet level rather than shipment level to be
beneficial for supply chain management purposes. Since the Powerchain does not record other data
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than track and trace, there are no further requirements other than enabling digitally track and trace
possibilities and connecting the existing data management systems to the new platform. This
requirement is applicable for every desired blockchain design, or even for centralized database
designs.

Operational Changes
The already used SSCC-code remains guiding to track each pallet with the Powerchain. The bananas
itself get stickered with a generic QR-code and a code that refers to a group of farmers. Since there is
no linkage between the pallet and the bananas on that pallet, it is not feasible to track the journey
with 100% accuracy. This can only be done if there are no other batches of the same group of farmers
in the system at the time (which is due to the already explained bandwidth). As a result, the pallet can
be tracked very detailed but since there is no exact linkage between pallet and QR-code or farmer
group code, the pallet information cannot be fully used from a consumer perspective.
What complicated the traceability even more, is the lowering of pallets from 56 to 48 boxes. The six
boxes which are removed from a pallet, do not get assigned to a new SSCC registered pallet. Therefore,
these so-called ‘mixed pallets’ become untraceable in the current working practice. This amounts to
almost 11% of the total pallets which is quite a significant amount on the total number of bananas.
This required an operational change in the handling of the banana pallets. Since the launch of the BT
traceability project, the bananas are lowered at the ripening facility instead of the harbor warehouse.
In addition, the former mixed pallets are scanned, and a digital linkage is made between the ‘old’ and
the ‘new’ pallet at the ripening facility. This required additional investments in scanning equipment
and continue extra handling time for each pallet at the ripening facility.
Looking at the supply chain specific operational changes, it was Banafood who had to adapt their
operation to make the track and trace system work. They had to invest in scanning techniques and
continual increase their daily handling activities to register the mixed pallets. Fyffes had to make sure
that each contracted plantation put an extra generic QR-code sticker and a farm-specific FLO-ID sticker
on each hand of bananas. This increases the manual handling time at plantations. Each supply chain
actor had to make sure these bananas with these new stickers stayed separate from other Fairtrade
produce.
To enable the Powerchain to track and trace the bananas, every actor must upload batch-specific
information. This can be done by manual handing's, or by building an automatic connection via an API
to exchange or upload data. According to the interviewees, the operational changed did not require
additional skills from employees anywhere in the supply.
Maersk indicated that integrating the RCM in a custom blockchain solution could cause operational
changes at various steps in the supply chain since the management of the chain can be based on realtime data. Fyffes could, for instance, react directly to a defect cooling system and allocate the container
to a different port that can handle these fruits better. These opportunities are however not a direct
result of the Powerchain yet and could also be derived in other database designs such as the RCM.
The operational changes had effects on the stakeholder perception, as already discussed. By using the
already available digital infrastructure, the imposed operational changes within the supply chain are
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as low as possible. This was one of the reasons why Fyffes and PLUS chose this approach, as illustrated
by the following quote:
Importer: ‘‘We implemented the blockchain based on our currently used systems. This, to
minimize the burden for our supply chain. There is still information which is not yet stored in
the blockchain.’’
As described, Powerchain concerns a track and trace solution that is placed on top of existing
databases. The project is not aimed at making the supply chain blockchain-based which is proposed by
various scholars. Making the supply chain blockchain-based would not be operationally feasible. This,
as the data management systems process other products, or trade with other actors from different
supply chains. The implementation of the Powerchain is for a large part based on existing data
management systems and the ‘blockchain banana’ was differentiated as a new product with different
rewards for handling the product because of the operational changes. How this exactly differentiated
could not be assessed because of confidentiality.

Conclusion
Altogether, it comes down to the available digital infrastructure, the connection between the physical
and digital entity of a product and the willingness to adapt to these requirements. Still, it has to be
noted that this conclusion only applies to this specific form of blockchain usage with this specific data
content. Other forms, which might require more data input, might face different operational
challenges than described above.

5.4 Banana Powerchain conclusion
The result of phase one of the project increased the provenance of bananas compared to other supply
chains. Consumers can see were their bananas are produced, which processing steps are undertaken
and when this happened approximately. The certificated possessed by supply chain actors are verified
by SIM on its validity, which might in combination with the increased provenance transparency
enhance consumer trust. Next to this, the transparency between supply chain actors has increased
since supply chain actors can see who part of the chain is. Since the Powerchain starts tracking pallets
of bananas from the Colombian harbor onward, there is no digital infrastructure needed for
implementation at the plantations. Neither will it record more data except for the track and trace data,
which simplified the implementation.
The Powerchain creates a safe environment where supply chain actors can experiment with more
transparent data exchange in a standardized model. It also connects the existing data silos within the
supply chain and could potentially facilitate the conversation between supply chain actors to improve
and communicate sustainability efforts of their supply chain. Still, few of the relevant characteristics
of BT for supply chains are used by its current interface, which leaves room for improvements to
facilitate more secure track and tracing of bananas along the supply chain.
The shift in power structures due to the current implementation remain marginal. Still, it can be argued
that Fyffes has their complete supply chain in a digital overview and can differentiate its product from
conventional ones as a banana with transparent provenance. This could result in more negotiating
power for Fyffes, if the terms of the contract on which the BT is adopted allows for such shift. Still, the
plantation workers and plantation owners are not necessarily more empowered by the current
solution since they are not part of the decentralized network.
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There are features planned for phase two of the project which might bring regional benefits to the
Urabá region and could change case study dimensions considerably. Besides, the Powerchain as a
platform leaves room for implementing new features to tackle sustainability issues within the supply
chain. If the supply chain is getting more familiar with BT, there is room for more transparency about
its sustainability performance according to the project team. They describe the current Banana
Powerchain as a starting point for a more sustainable supply chain, the overall sustainability
performance could increase over time. This is however depending on the intentions of the supply chain
actors since they decide what kind of content is stored on the blockchain and consumer website.
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6 Deliberative blockchain adoption
This chapter will take a more zoomed out point of view on deliberative blockchain adoption in banana
supply chains. To illustrate the identified complexities and considerations, all five dimensions of the
conceptual framework are elaborated on. The findings from the case study are combined with the
findings derived from expert interviews for each dimension. The findings are presented slightly
different compared to the previous chapter. Here, each sub-chapter describes a dimension based on
the most important considerations identified during the fieldwork. After elaborating on this, a short
conclusion about deliberative blockchain adoption is provided.

6.1 Stakeholder engagement
According to experts, the implications for supply chain actors of BT implementation totally depends on
the intended purpose of a blockchain platform. A blockchain-based traceability database that
communicates with existing databases from supply chain partners, will have different (and certainly
less) implications than a fully blockchain-based supply chain. This, as the latter requires a paradigm
shift in how supply chain processes are organized. All actors who exchange information need to figure
out multiple aspects, for example: how they can collaborate, how is the data processed and stored,
how is it managed and validated, and who is sharing what. The major concern here is to find incentives
for all actors to collaborate on such a platform and agreeing on a standardized data model.
Therefore it can be stated the stakeholder engagement requires a case-by-case approach since
different BT implementation forms will result in different levels of engagement of the supply chain
actors.
According to experts, the stakeholder engagement largely depends on the direct benefits of BT at each
step in the supply chain. These benefit for each actor should be clear from the start. If this is not clear,
the willingness to cooperate diminishes and tensions can arise between supply chain actors. If these
benefits are not equally divided, the question becomes which stakeholder will benefit the most from
a blockchain, and who will pay for both the investments and upkeep of a certain solution.
Furthermore, for blockchain-based traceability systems to work, the interface for how actors interact
with a blockchain must be intuitive, requiring little effort and be cheap to use.
Currently, blockchain adoption is most of the time not resulting from a shared need among supply
chain actors to create transparency in a supply chain according to various experts, as illustrated by a
consultant in the following quote:
Consultant: ‘‘I think blockchain adoption is now basically forced by a powerful party on top
of the supply chain. You use my transparency provider, and then everybody below needs to
upload their data.’’
This can become problematic when the adoption requires significant resources from multiple actors in
the supply chain, including those who do not see the direct benefit of adopting the technology.
Investing in such technology would only make sense if BT is widely used in the industry, or even society,
so that data can be exchanged and there are benefits for each actor according to both experts and a
supply chain actor. These benefits should be clear and communicated between the supply chain actors.
However, this process is often lacking, and it is questionable whether current BT implementation forms
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are dealing with the most urgent issues in developing countries or not. This is illustrated by the
following quote of an interviewee:
Consultant: ‘‘If you're a farmer, you are probably less concerned with safety but more
concerned with efficiency or making sure that that's the food that you harvest doesn't rot.
So, if someone offers you packaging that makes your tomatoes last longer, that's for you a
better solution than something that enables you to provide transparency.’’
As stated in the conceptual framework, the stakeholders could be NGOs, governments or certifiers as
well. If a certain distributed database can be used by more actors to make current processes more
efficient (like for example customs clearance), the overall benefits will increase. Therefore, it is
desirable to look for multiple problems in a supply chain, which can be solved by adapting to BT. This,
to increase the benefits for each actor and, therefore, increase the engagement of stakeholders.
According to experts, the power structures within a supply chain do not necessarily change due to the
implementation of BT. Still, this depends mainly on the design of a blockchain, the governance
structure and purpose of a blockchain since the technology could empower smallholders according to
an interviewee:
Blockchain expert: ‘‘Once they do have access to smartphones, they can actually
contribute. In a truly decentralized system, they can run a small note in their smartphone,
or they can interact with an application. And they can be truly empowered with
information.’’
If a blockchain only communicates track and trace information about a product without transferring
any (monetary) value, the effects on power structures are more limited compared to a blockchainbased supply chain where value is transferred using BT. Therefore, the latter could empower
smallholders more than the former, especially when the value transaction is for the consumer to see.
This would increase their engagement with a BT based solution, but it could lead to diminished interest
of other supply chain actors since their margins could be revealed or their competitive edge could
diminish.

6.2 Local context
As stated, the local context considers the suitability of BT with local characteristics, including the
(digital) infrastructure and social and environmental situation at the production site/plantation. By
doing so, awareness is created on the local benefits and inconveniences of BT adoption.

Digital infrastructure
According to various experts, the compatibility of a blockchain to the supply chain depends on the data
which is put on the blockchain. In every case, BT for supply chains requires the track and tracing of a
product along the supply chain. To do so, scanning devices are required along the supply chain to track
a product. If this is not in place yet, the investment in such techniques is probably only feasible for
larger plantations and corporations. Still, these investments do not necessarily have to do with the
utilization of BT, because these systems can also be used with other software solutions to track and
trace goods (like SAP, which is used a lot in retail). Therefore, the utilization of BT is more feasible when
the infrastructure is already in place in the producing countries. Within this infrastructure, an
application programming interface (API) can be built between (existing) data management systems
and a blockchain network to exchange information in an automated setting. Building such digital
infrastructure requires a significant investment. Therefore, smallholders which are not bounded to a
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large exporter (such as Fyffes) probably do not possess the means to invest in creating such digital
infrastructure.
The case study has made it clear that the implementation of BT in supply chains requires a digital
infrastructure that allows the digitization of a product and its provenance. If this is not available at one
step in the supply chain (as it is the case in the producing region of bananas of this case study), the
region could leapfrog the infrastructure, which means that it copies its most efficient current form, as
argued by an interviewee:
Blockchain expert: ‘‘Developing countries could leapfrog: move directly to the latest
available solution, which will be cutting edge in this case of blockchain. Just like African
countries have leapfrogged the telecommunications and move directly from no telephones
to mobile telephones, while skipping the fixed lines.’’
This means that undeveloped infrastructure leaves room for more efficiency against lower costs,
compared to already developed digital infrastructures. Still, the feasibility is dependent on the purpose
of the blockchain. If BT becomes a mean for bookkeeping and to pay bills, access to a mobile phone
will suffice to access a blockchain-based platform. In such a way, the technology can be utilized for
smallholders and larger cooperation’. This, as the individual investment costs, will be lower compared
to a blockchain-based track and trace system.

Smallholders
Implementing and designing databases based on BT which includes the track and tracing of a product,
requires significant resources (such as IT knowledge and money). Probably no plantation owner can
implement such technology by themselves, as they are not being compensated for the extra effort
regarding the standardization and digitization of their production. The increasing requirements that a
blockchain platform requires for these processes is, therefore, a large concern for the empowerment
of smallholders. Still, there is a benefit for them as well according to an interviewee:
Consultant: ‘‘For smaller producers it is interesting to show that they have sustainable
products. There's a use case for them as well, but they don't have the capital to develop this
by themselves.’’
Expert interviewees argued that it is more feasible to build BT solutions for large corporations, which
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Therefore, if adoption will not lead to higher payments and the ability to cope with sustainability issues,
both developments would probably create unfavorable conditions for smallholders. Moreover, it will
increase the requirements and make markets less accessible for smallholders if the implementation
costs are not compensated by a better price.

Distrust in technology
A more culturally driven concern would be the distrust in technology according to an expert. People in
developing countries have a lot of distrust in technology, which might complicate the feasibility of the
technology on a wider scale than within the supply chain alone. For example, the information
submitted to a system by workers in some developing countries is often less reliable, as they get
intimidated by their bosses to describe their work circumstances to be positive. This phenomenon is
illustrated by the following quote:
Auditor: ‘‘In countries like Colombia or Ecuador there is a lot of distrust in technology. If you
want to know if workers are fairly paid, you cannot ask a worker to put that information on
a blockchain, since there is a lot of distrust in systems due to intimidation and so on.’’
Moreover, trust in certifying bodies can be low, because of inefficient audit practices as described in
chapter four. This can jeopardize the credibility of an audit. According to an interviewee, audits in
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6.3 Operational feasibility

To utilize BT, supply chain actors need to agree on a standardized data model to communicate. This
data standard applies to all involved data suppliers, to make it exchangeable. According to experts, it
requires opening the existing data silos at steps in supply chains, which have resulted from digitizing
in various formats since the start of the digital era. These formats now become problematic, as
illustrated by the following quote:
Consultant: “The problem began when we all started digitizing our processes in the 1960s
and 70s in our own unique way, while we're all part of a much bigger value chain.”
Besides data standardization, the connection between a digital entity of a banana and a physical
banana is crucial for a blockchain-based traceability system to work. There is no handbook available
which explains how this connection needs to be made according to experts. It requires a case-by-case
approach to examine which manner of establishing this connection is feasible and most efficient. If the
burden of BT adoption for a supply chain should stay low, it is worth to investigate if BT can be
integrated into existing data management systems. The ability of this existing system to track and trace
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products, becomes a critical bottleneck by implementing blockchain technology in a supply chain, as
illustrated by the following quote:
Consultant: “The fascinating thing with track and trace technology is that that's a critical
bottleneck for blockchain technology although it may seem insignificant”.
Without the ability to track and trace a product along the supply chain, BT cannot be used for supply
chain management in the first place. For certain valuable commodities, such as wines, it would make
sense to invest in the physical-digital connection to enhance the trustworthiness of a track and trace
system. It is questionable if the same applies to bulk commodities (such as bananas) since the lifetime
of an individual batch of bananas is only 2 months maximum.

Digital – physical connection
Connecting every banana to the blockchain by RFID or NFC chips would therefore not make much
sense. According to interviewees, tagging each banana would operationally not be feasible in the
current working practice. Also making it traceable on shipment level would not provide any sensible
detail, as the ship contains an enormous volume of bananas. So, it becomes essential to choose the
appropriate level of tracing for a commodity to make any investment worthwhile. As elaborated on in
the following quote, although verification of this connection can be done through scanners or Internet
of Things (IoT) devices (like temperature sensors, GPS trackers or cameras), absolute certainty cannot
be provided by BT:
Blockchain expert: ‘‘How can I be sure that the banana I am offering is the one that is
registered on the blockchain? You cannot, and this problem will never ever be solved by
blockchain.’’
As stated by multiple experts, there is no absolute guarantee that the banana you are holding is also
the one that is registered on a blockchain. The only certainty that can be given is that the data which
is entered on the blockchain is not tampered with. Only purely digital assets, such as music files, a
Bitcoin or a software license do not have this problem. As stated by a blockchain expert in the quote
below, difficulties arise when a connection with the physical world must be made:
Blockchain expert: ‘’A lot of projects state that its 100% Fairtrade chocolate or bananas, or
apples or whatsoever. You can never give that guarantee because we're dealing with a
physical product instead of a digital one.’’
It then becomes a matter of auditing, by checking data entry points on their trustworthiness. According
to an interviewee, there can be argued that tampering with data will not happen when it is not in the
interest of actors to do so. There are, however, no absolute certainties. Especially when the stakes are
high, as illustrated by the following quote:
Blockchain expert: ‘‘Let’s say we have this big disaster and a million people die. The
responsible farmer happens to be the son in law of a president. He will gunpoint the
consortium running the nodes and they will change the ledger. There's no way you can
prevent it in a not completely decentralized system. […] So then it for me is worthless.’’.
Especially the initiator of a digital entity of bananas must be reliable for all the following transactions
on a blockchain to be trustworthy according to experts. To make sure this is the case, auditing is
needed by independent actors or another form of authority who can approve the claim. This must
always be done if there is a connection needed between physical and digital entities. A lot of
technologies facilitate this already. For instance, the availability of (open source) satellite images
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makes it able for everyone with access to the internet to check the forest change in a certain area.
Information sources such as these can triangulate the claims made by supply chain actors.
As illustrated with the quote below, even data from IoT devices such as satellites can be manipulated
by fraudulent actors. Therefore, multiple data inputs are needed to make fraud harder, or the possible
data manipulation points must be checked regularly. This is where auditing comes in, where
independent parties verify that claims made by supply chain actors can be trusted:
Consultant: ‘‘I think IoT sensors have a lot of potential to take the human out of the
process. But you still have to be very careful with the implementation to see what you’re
logging, and how it could potentially be manipulated on a technical level’.
IoT devices have a lot of potential to take the human out of the process according to an expert. This is
more easily done for environmental indicators than for social indicators, but there is a limit to how
reliable this will become. Even when everything seems fully automated and monitored, this problem
continues. Caution is needed when implementing IoT devices to triangulate claims. This, because they
can also provide false insurance about the sustainability of a product when there is room for data
manipulation.

Need for auditing
According to experts, auditing will still be necessary for parts of the data-gathering process before it
enters a blockchain database. For instance, when plantation workers verify on a blockchain they
received a proper price for their product, it may suggest that the plantation is complying with a
certificate. However, this does not imply that there are no other unconformities that are not logged.
According to an interviewee, a plantation owner might, for instance, obligate female employees to do
a pregnancy test before they got hired to avoid the occurrence of undesired costs. These kinds of
unconformities can only be discovered by building a relationship of trust with workers. A blockchain
can verify that a certificate is valid since this is a digital entity, but the data on which the certificate is
provided still needs to be audited. Therefore, making the auditing practice more digital and remote
might create a false sense of sustainability and compliance with a certificate. However, this auditing
practice can increasingly be done by using IoT devices to perform remote audits. Still, the data entry
points need to be audited by people and quite some sustainability performance indicators are not
easily measured remotely.
Altogether, untrue data entered on a blockchain only becomes immutable untrue data. This is a
fundamental issue when a link must be made between the digital- and physical world. Therefore, the
verification of data gathering steps before it is entered on the blockchain becomes crucial in
determining the trustworthiness of the data on the blockchain. After the information is put on the
blockchain, users can trust that it has not changed if changes are tracked in the interface through which
users communicate with the blockchain. Consequently, this technology pushes the trustworthiness of
data on the blockchain towards the edges of the system, namely to the point were data is submitted
to the blockchain.

6.4 Technological novelty
From the expert interviews and case study, it became clear that a blockchain is only as valuable as the
information it stores. If BT will only confirm a current certificate, the transparency about sustainability
will not necessarily increase. This, since the way how current sustainability indicators are measured,
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stays undisclosed. If blockchain technology is used to verify or triangulate claims made by different
standards such as Fairtrade, the transparency about sustainability will increase. This might imply that
the audit results are stored on a blockchain to enforce or challenge certain claims made by a certificate.

Auditing the auditor
According to the quote below of an auditor, powerful actors in supply chains need to investigate the
auditing practices and certificate to evaluate the actual sustainability performance of a product:
Auditor: ‘‘Retailers can hide behind certifications. What they need to do is not easy. They
need to deep dive into the certification and auditing practice to see what they are actually
doing.’’
If this is not done, a major risk would be the ability to cherry-pick data which creates a false
representation of reality. There are probably some positive notes in most reports which could be
communicated for marketing purposes on a blockchain. Furthermore, if blockchain only proves the
legitimacy of a certificate given to a certain plantation, the validity of sustainability claims remains in
hands of the certification entity and the way they enforce their audits. As described in chapter four,
these certification practices have their limitations and are often not aimed at improving the overall
sustainability of a supply chain. Supply chain actors, in turn, are not reviewing the working practices of
a certifying body since they do not see it as their responsibility to do so.
It is often stated that a consumer can verify the authenticity, provenance and even sustainability of a
product by means of BT. This is true if the data on a blockchain is correct and a consumer knows how
to interact with a blockchain. However, as illustrated by the quote below, current blockchain
applications let the consumer interact with a blockchain through a website or app. This website is built
by the owners of a blockchain or actors of a supply chain and they decide which data of the blockchain
is visible for consumers, and which data stays hidden due to various reasons:
IT specialist: ‘‘Disregarding of which retailer, they are all providing their own interface
towards the consumer. So, in the end, the trust point is with them. Not with the blockchain.’’
Therefore it can be concluded that the legitimacy of any sustainability claim remains in the hands of
the blockchain owners, or data uploaders, and not with the blockchain itself. This is an important
finding from both case study and the expert interviews which affects the ability of BT to provide
transparency about sustainability significantly.

Disclosure of sustainability data
More supply chain transparency can also create information that consumers don't want to know or
cannot familiarize with according to experts. For instance, it is doubtful if a ripening of 5, 10 of 25 days
would make a consumer feel different or result in another buying behavior. What could make a
difference, however, is including proofs of sustainability claims. If a product is certified as organic, it
would make sense to include a soil test certificate ID on the blockchain which refers to an actual soil
test report which monitors if pesticides have been used. Or if a plantation claims to be Rainforest
Alliance certified, no forest should have been cut next to its plantation borders. This is easier
accomplished for environmental sustainability matrices than for social ones since these are not
observed as easily as production practices. For example, child labor cannot be traced with abiotic tests
or satellite imagery to verify claims. Next to this, most certificates are focused on plantations and not
on the entire chain. If the whole chain should become more sustainable, metrics should cover the
whole chain instead of focusing on the plantation. If their scope broadens to the entire supply chain,
the way how audits are preformed still plays a crucial role in ensuring the validity of certain claims.
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An even more fundamental issue in working towards more sustainable supply chains is, according to
various sustainability experts, the price and margins for each actor in a supply chain. It is dependent
on the information about a product if a blockchain will deal with these issues. During this research, no
initiatives have been identified which disclose the margins at all steps in supply chains, although it has
been proposed in supply chain literature to disclose the margins to discourage companies from
extensive profits (Yoo & Won, 2018). As illustrated by the following quote, various interviewees stated
that these kinds of information should be communicated via a blockchain if more sustainable supply
chains are the goal:
Auditor: ‘‘There are things which seem to be taboo to talk about. Like talking about price,
because retailers want to keep their prices low. So, you cannot have any discussion about
the price. It's all about technology but that won't help paying farmers a fair price.’’
One interviewee argued that BT should communicate the real price of bananas, including the costs of
the externalities of production such as environmental degradation and social injustice. However,
another interviewee contested these price disclosure ideas since it would cause companies losing their
competitive edge and ultimately may lead to market collapses. Yet another interviewee argued that
only actors who do not add value will become obsolete and will be removed from a supply chain when
margins are disclosed.

Need for adoption
The collaboration between supply chain actors is for a large part financially motivated. A blockchainbased solution for existing supply chains in an incorporative design must deliver (financial) benefits for
all supply chain actors to make it worthwhile. If this is not the case, a powerful actor in the chain will
force a certain solution to actors who are not benefiting while having to implement operational
changes to make it work. According to an interviewee, this has been the foremost reason why previous
blockchain projects failed: there was no business model behind the project which benefited all
involved parties.
Besides the need for a business model to implement BT, there are negative aspects that need to be
considered before adoption. The technology is still immature, and it is not always clear how to
implement it. Compared to other database systems it can be cumbersome which makes other
database architectures sometimes a better choice that suits the needs of a supply chain. Still, multiple
interviewees stated that these issues will be solved over time just as happened to the internet.
According to various blockchain experts, centralized databases could do much of the same tasks as
decentralized databases but are more easily corrupted or hacked since the information is stored in a
central location. It all depends on what kind of problem needs to be solved within a supply chain. As
illustrated by the following quote, there are technologies that could have the same result as when
using blockchain, but these technologies will make the information not decentralized and compromise
on data trustworthiness:
Consultant: ‘‘There are similar things that you could do, that could have similar results. That
may be cheaper, but would not be as secure.’’
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Various experts stated that there are already plenty of solutions available to create supply chain
transparency, which could store the same data differently. Concerning how to store the data should
not be the priority. The focus should be on who is in the supply chain and what are the issues which
need to be solved. If this is clear, the question can be asked if the immutable features of BT are needed
to solve these identified issues. An interviewee used the following reasoning to determine if BT would
be beneficial:
Blockchain expert: ‘‘whenever you are using a few too few transactions, it is definitely better
to use a centralized database. But the moment you start using many-to-many transactions,
involving multiple parties, a blockchain-based system or another type of distributed ledger,
is better able to handle the data processing.’’
Using BT to solve a problem depends on the need to have the immutable feature and processing
capacity of blockchain technology according to experts. There are existing platforms available where
supply chain actors can upload their data with some restrictions on who can see what. Solving
environmental challenges, or enhancing sustainability in general, requires a systemic approach since
these challenges can often not be solved by individual actors alone. Blockchain is a technology that can
facilitate this better than centralized databases since it enables sharing data in public-private
environments according to various interviewees. Passed this, different blockchain design choices will
have different effects on the trustworthiness of the data and/or the entire platform according to
interviewees. This mainly concerns the choice between public- and private blockchain designs.
According to an interviewee, BT is all about trust, which is only guaranteed by public blockchains:
Blockchain expert: ‘‘It all about trust. You could as well use a Google spreadsheet and give
20 people access to do certain mutations.’’
This trust is not guaranteed in every blockchain design according to various interviewees. Therefore,
the technological novelty is depending on the design choices of a blockchain. this includes the choice
between public, private or a hybrid blockchain which elaborated in the next chapter.
To summarize, blockchain is a novel technology which possesses some unique features, which other
technologies lack. Especially the immutability and data processing advantage are features which other
database structures lack. If these features are deemed necessary, the question becomes how to apply
them in such a way to enable them to deal with sustainability issues in banana supply chains. Still, it is
questionable if the identified sustainability issues of chapter four can be solved by applying the
technology without looking at the more fundamental causes of these issues.

6.5 Necessity of adoption
The case study has pointed out that building a blockchain for an existing supply chain is expensive and
requires much time and effort of supply chain partners. Therefore, a thorough consideration of the
necessity of blockchain adoption within a specific supply chain is needed. After it is considered
necessary to use a DLT, technical design choices must be made, which is further explained in Annex IV
about blockchain designs. It is not always necessary to apply BT to solve a problem according to various
interviewees. This, since the benefits are not necessarily more than the implementation costs, as
illustrated by the following quote:
IT specialist: ‘‘People are just applying these technologies in their own silo thinking. And
that's what wonders me, like, if you try to apply the blockchain in your own silo thinking,
how big can the benefit really be.’’
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For blockchain adoption to be a deliberative choice, it is crucial to understand the shortcomings of the
current data management systems in the supply chain. Currently, a lot of the enterprise database
systems are all operating in closed data silos without being connected to other systems. This holds
partly true for the case studied banana supply chain. As a result, inefficiencies and a lack of
communication between supply chain partners can occur more easily.
Although BT might streamline and standardize the entire information processing structure of products,
there is a clear distinction between different uses of BT within supply chains and how the usage
impacts these structures. If blockchain is used as a track and trace solution on top of existing supply
chain systems, the supply chain will not be entirely blockchain-based. This can have other impacts on
sustainability or efficiency gains within a supply chain than a fully blockchain-based supply chain where
a digital and physical entity travels simultaneously along the supply chain. This, as the existing data
management systems, are not necessarily using the blockchain platform to make their own data
management more efficient.

Blockchain design
After deliberative consideration of the need for BT, a DLT design should be considered which best suits
the needs for all five dimensions of the framework. The first design choice would be between public-,
private- or hybrid design structures of a network. Although most interviewees where advocating hybrid
or public networks, this design can be too radical for existing supply chains. This is illustrated by the
following quote:
Transparency provider: ‘‘We couldn't have achieved what we've achieved with a public
blockchain. I mean, that's a way to big step. It can be an overall vision and goal but it's not
practical. In reality, basic data sharing between parties who already know each other quite
well is difficult.’’
Companies need to become familiar with BT and discover what the options are. This is most
conveniently done in a private environment according to an interviewee. If a certain solution is built
modular, there is always an option to move to public or hybrid networks which may suit the specific
needs better. This point of view is however not widely shared. Quite some experts critique private
blockchains and some even state this is not a blockchain at all, as illustrated by the following quote:
Blockchain expert: ‘‘what I see a lot is that they just store these proofs in hyperledger. And
these proofs are put in a block, chain the blocks, and now we have blockchain. But of course
that is not the case.’’
To make the data on a blockchain credible the actors who submitted the data should be known
according to experts. This can invoke a kind of self-censorship since the identification of a fraudulent
actor becomes very easy. Private designs become problematic here, since actors who all know each
other can jointly decide to alter the data if needed or present other data in the consumer interface.
This critique is illustrated by the following quote:
Blockchain expert: ‘‘if you only accept people to take part in the validation and creation of
transactions in your blockchain, within the same chain with the same interest, it takes out
the biggest part of the whole reason to use blockchain to begin with.’’
Which blockchain design is chosen depends ultimately on the goals of a blockchain project. If informing
the consumer about the provenance of a product is the goal, it would be beneficial for the
trustworthiness of the data that proof is placed on a public or hybrid blockchain. Only by this design,
consumers can verify that certain data is not changed after it was submitted to the DLT. If the
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collaboration between businesses within a supply chain is the goal, a private blockchain will be suitable
since all involved actors could do this data verification as well with no public validator. Disregarding
the private or public design of a blockchain, the user interface needs to allow users to see contributing
actors and timestamps of data to utilize these features of BT. This should be intuitive since most
consumers will not deep dive into hash codes to find possible alterations. If this is not possible in the
interface of a blockchain platform, the data on a blockchain can easily be changed when supply chain
actors feel the need to do so, for instance, when a scandal occurs. Therefore, the user interface of a
blockchain plays a crucial role in the trustworthiness of data on a blockchain.

6.6 Deliberative blockchain adoption conclusion
For deliberative blockchain adoption in supply chains, all five dimensions should be considered. Each
dimension provides important insights that must be considered before implementing a certain
solution. Benefits for each stakeholder should be clear from the start to enlarge their engagement in
the project. The local context of each step in the supply chain requires a case-by-case approach to
assessing the feasibility of certain technological innovations such as BT. Still, this dimension depends
on the immediate benefits for stakeholders and the local digital infrastructure. If the technology will
be adopted for more transparency about sustainability, the question arises who will benefit from this
increased transparency. If a supply chain itself decides upon what is perceived as a sustainable supply
chain, the actual sustainability performance might stay undisclosed due to cherry picking of blockchain
content. Therefore, independent third parties should become an actor in the network to back or
dispute certain claims made about a product.
The operational feasibility of BT largely depends on the already available digital track and trace
infrastructure or the immediate benefit of creating such infrastructure. For the immutability of the
blockchain to be meaningful, the connection between the digital- and physical world should also be
tamper-proof. This is, however, a fundamental limitation since there will always remain room for fraud
as long a connection with the physical world has to be made. Still, investments can be made to make
this linkage more trustworthy, although it is doubtful if this is sensible for bulk commodities such as
bananas.
After creating a linkage, various data sources can triangulate certain claims if needed. Still, BT will not
replace third party auditing practices as long there is room to tamper with data inputs of a blockchain.
It pushes the trustworthiness of data on a DLT towards the edges of a supply chain, namely to the point
where the data is submitted to the DLT. These ‘edges’ must be audited regularly to be trustworthy.
The way how auditing is currently done, however, does not suffice for this purpose and needs critical
evaluation and development of less doubtful incentive mechanisms for auditors. In the end,
transparency providers and supply chain actors provide an interface towards consumers for any claim
communicated via the blockchain. This is regardless of its public, private or hybrid design. Therefore,
the trustworthiness of any sustainability claim ultimately remains with supply chain actors, or with a
third party who backs the claim. In any of the scenarios, the trustworthiness of a sustainability claim
itself is not owed to BT, but to the actor who submitted the data.
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7 Discussion
This research explored if BT can increase the transparency about sustainability in banana supply chains.
By reviewing the literature, interviewing blockchain experts and conducting a case study in a Fairtrade
banana supply chain, the adoption of blockchain technology in supply chains was studied. The
deliberate blockchain adoption framework was used to present the findings on the five different
dimensions (stakeholder engagement, local context, operational feasibility, technological novelty and
necessity of adoption). These dimensions are deemed important in the evaluation of adopting novel
technologies in an agricultural supply chain according to various scholars. During the analysis, it turned
out that there are many interlinkages between these dimensions which influence each other. Although
the framework was perceived sufficient for the research goal of creating an understanding of BT
adoption for creating transparency on sustainability, the dimensions might not have addressed every
aspect of the case study. To the best knowledge of the researcher, this study is the first one to assess
the practical implications for blockchain adoption in a banana supply chain. The supply chain of the
case study is similar to other supply chains identified in the literature, which increases the research
validity. Still, many findings of the case study are supply chain specific which could lead to different
findings if the case study is replicated in other supply chains. The following paragraphs will discuss the
main results of this research, the limitations of its methodology and provide clear recommendations
for further research.

Sustainability issues
There are various environmental- and social sustainability issues resulting from the production and
trade of bananas. The monocultures in which bananas are produced demand high resource inputs to
produce the desired quality and quantity. The continuous price pressure leaves little room for investing
in more sustainable business practices. The different sustainability standards fall short in enhancing
the overall sustainability of banana supply chains, because of their narrow scope and inadequate
auditing practices. This finding challenges the legitimacy of a premium for guaranteeing healthy
environmental- and social production conditions. It also challenges the legitimacy of trust in these
standards to ensure sustainable production practices by a supply chain itself. The literature states that
BT can provide new opportunities for increasing the transparency of the standards. The findings of this
research point out that this could be true, but it will depend on the content of a blockchain. As long as
audit reports stay undisclosed, the transparency of a supply chain can remain limited to prove its origin
rather than its performance. Moreover, it is questionable if BT can deal with the identified
sustainability issues if underlying, more fundamental issues, remain unaddressed.
The literature states that BT brings new opportunities for creating transparency and that this drives
the socially responsible practices of suppliers. Although this could be true in theory, in practice it can
turn out differently. This, as the supply chain actors decide which information is communicated via
their blockchain interface to the consumer. It can, therefore, result in very selective transparency for
consumers about supply chains and sustainability standards. Moreover, when a blockchain is used to
communicate the validity of a standard alone, the transparency on the sustainability performance itself
will not improve. It could even depict a distorted sense of sustainability since the trustworthiness of a
sustainability claim remains fully with the certifying entity, while the blockchain is purely used as a
marketing tool.
As described in various papers, companies who try to alleviate these sustainability issues might desire
more transparency. This is true for the studied supply chain, although they do not desire full
transparency where margins and audit reports are revealed. This was also the case for proofs of more
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sustainable business practices communicated via the blockchain. The responsibility and trust in the
stated claims remain in the hands of the Fairtrade auditing practice, while the benefits of Fairtrade are
communicated via the retailers' website. Although this does partially help consumers to understand
the environmental and social consequences of their purchase, it is far from illustrating the full impact
of production. The literature argues for more radical transparency to enhance sustainability goals. This
could include the disclosure of margins or the real costs of production, including externalities. There
are some limitations identified in this research to put it into practice. Firstly, even with an independent
third party, the content of a blockchain is filled with audit reports or matrices to access their
performance. As can be found in the literature, auditing practices turned out ineffective while matrices
are unable to address all impacts in practice. Secondly, the findings of this research showed that if no
attempts are made to create such transparency via triangulation, BT could also validate unfounded
claims about the sustainability performances of a product which makes it rather a marketing tool and
could ultimately facilitate greenwashing practices. The literature suggests that the transparency
created by BT can make certification practices more credible. Thirdly, based on the findings of this
research, this would only be the case if the auditing practices behind a certificate are disclosed to
triangulate certain claims and no cherry-picking of information occurs.
Even with this transparency in place, the legitimacy of a claim would remain in hands of an auditor
who wrote the report. There is, however, a role for BT to triangulate claims made by these reports,
especially for environmental claims. Social claims are more difficult to measure or quantify. Since a
blockchain can be managed or owned by a supply chain itself, they still decide which information is
communicated regardless of its design. Therefore, the credibility of any claim remains with these
actors, and not with the blockchain. Awareness about the sustainability issues, and thus which
indicators to include, become therefore important for supply chains who want to improve their
sustainability performance. Without such awareness, the indicators would probably not address the
issues at hand.

Incorporative blockchains
The case study found that incorporative blockchains, such as the Powerchain, do not have to provide
more democratization or decentralization since it is controlled by a few industry partners. It could lead
to more inequality and dependency of smallholders instead. If the market demanded blockchain-based
bananas, such as it demands standardized Cavendish bananas, they would need loans from large
corporations to comply with the new requirements which force them to comply with the new terms.
This is in line with the literature about incorporative blockchains where the technology is used to make
existing systems more efficient without the aim to decentralize or democratize.
Blockchain platforms could carry various proofs about the provenance of a product. The question
arises which data a blockchain should communicate to increase the transparency of sustainability.
Various interviewees argued that the real price of bananas (including the costs of the externalities such
as environmental degradation and social injustice) should be communicated. Although this would
enable consumers to make buying choices, the findings of this research raise another question: who
will benefit from this increased transparency and, consequently, who will pay to enable this
transparency? This, as expert interviewees pointed out that there should always be a business model
behind BT implementation.
Given the doubtful incentive mechanisms on which auditors operate within the certification practice,
it is questionable if more transparency is in their direct interest. It would either way require more than
label authenticity to enhance the sustainability performance of a certified plantation given these
phenomena. If the audit results are disclosed on a blockchain, it could enable consumers to verify and
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understand the certificate better, which is not possible yet. Still, designing solutions to make the
overall sustainability of a chain more transparent is not directly linked to the individual benefits for
most actors and therefore harder to achieve than efficiency gains or liability mitigation through
blockchain-based solutions. If such transparency solution will be developed by vested actors in the
industry, the trust about this transparency remains with them. If NGOs or governmental organizations
take part in disclosing such information via a blockchain network, the industry still has a say in which
data gets disclosed.

Blockchain requirements
Building digital infrastructure still requires a significant investment. Therefore, smallholders, which are
not bound to large exporters probably do not possess the means to invest such digital infrastructure.
This can lead to monopolization, because of the decentralized platforms which force smallholders to
comply with the requirements imposed by large corporations. Such developments will unlikely lead to
increasing empowerment of smallholders, while it will increase the already stringent requirements set
by the industry. This view is opposed to the reasoning in some papers, where BT is positioned to
enhance certification systems like Fairtrade, a standard that was created for the empowerment of
smallholders in the first place.
Ultimately, BT itself will not provide better prices for plantation holders to invest in more sustainable
business practices. Besides, if the indicators of the performance are not aimed at prominent
sustainability issues, these issues will not become part of a blockchain-based sustainability
performance assessment. Moreover, assessing the sustainability performance of the whole chain
would require indicators over the whole chain while current sustainability performance is mainly
measured on the production level. These challenges are not dealt with by the immutability and
decentralized nature of a database but are of vital importance if BT will be used in making sustainability
of a supply chain more transparent.
Literature about BT states that the technology is trustless by design and that it allows actors who not
trust each other to transact by using smart contracts. Although this applies to digital products (such as
software licenses or music files), this is not the case for physical products according to the findings of
this research. To use BT in a supply chain, there needs to be trust between all involved actors who take
part in a blockchain-based solution. If there is no willingness to share data from private data
management systems, there is little benefit to a decentralized database to store data.

The case study
The Powerchain implementation of this case study did not directly result in perceived benefits by all
actors in the supply chain, while this is an important prerequisite according to various experts. Since
the burden to adapt was relatively low due to the utilization of existing ERP systems and the actors
were already part of the supply chain, this did not create insurmountable adoption issues. It becomes
rather a question of who will pay for the implementation and operational changes costs if the benefits
are not equally divided in the supply chain. If more data was recorded and put on the blockchain, it
would require more digital infrastructure which is not yet developed in the Urabá region. Therefore,
the local adaptability to BT applies only to the currently used data collection method. Further steps in
the supply chain could adapt to the Powerchain by either creating an API to feed the Powerchain
automatically or creating manual data entries in certain time frames.
Although the conceptual framework of this research allowed for including other, more informal,
stakeholders as part of a blockchain network, the project of the case study did not include other
stakeholders in the network next to the known supply chain actors. This could also lead to shifting
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power structures within supply chains, according to the literature. There are, however, no indications
found that the Powerchain leads to different power structures within the supply chain yet. However,
the transparency provider SIM is new in the network and acts as a registrar of the blockchain and
verifies the validity of standards. Since they are paid by the supply chain actors to implement and
design the Powerchain, it is unlikely this new actor will evoke a power shift. Also, other relations within
the supply chain are not likely to shift due to the Powerchain, although it creates a mutual dependency
on each other if a blockchain traced banana stays desired by the retailer. Still, it is questionable if this
dependency creates a more leveled playing field which reduces the bargaining power of retailers. This,
since they could contract substitute actors to adapt their operation to their Powerchain.
The incorporative blockchain implemented in the supply chain was aimed to tell the provenance of the
bananas to the consumer in the Netherlands. This BT implementation form as opposed to the forms
proposed in the blockchain-based supply chain literature since it is not autonomous from existing
institutions. Therefore, some features which are attributed to other, more radical, blockchain
implementation forms are not utilized as the concept of triple entry accounting were no duplicate
banana pallets can exist to prevent non-certified bananas from entering the supply chain.

BT implementation in other supply chains
The case study outlines that the ability to digitally track and trace a product with meaningful precision
along the supply chain is a critical bottleneck in implementing blockchain-based solutions. Since
banana supply chains are straightforward without complicated processing steps, such ability should
require relatively view data elements. If supply chains produce a product such as canned soup, the
number of data elements will be astronomical. These more complex supply chains might encounter
other, more challenging, operational changes or different supply chain actor interest which might lead
to different results considering deliberative blockchain adoption.
The requirement to implement BT will ultimately come down to creating a trustworthy connection
between the physical and digital world which can be logged in the database. When tracking and tracing
is available for a commodity, there is still no absolute guarantee that the banana you are holding is the
one referred to on the blockchain. Therefore, there is also no absolute certainty that claims made via
a blockchain about a product on a shelve are true. This will remain a problem when a connection must
be made between the digital and physical world, and it would probably only make sense to make this
connection more tamper prove with high-value products.
Although data is stored in a decentralized structure, it does not necessarily lead to more democracy
within supply chains. This could be because of the governance structure and design of a blockchain. It
does, however, create more transparency and accountability compared to centralized databases since
actors can see who uploaded data at which moment in time. Also, the material and information flow
can be facilitated by BT while the legitimacy of this information is depending on how the data is
collected and submitted to the DLT. Although some scholars such as Baker and Steiner (2015) argue
that BT generates the possibility to track and retrace products throughout the supply chain, the
findings of this thesis would not attribute this functionality to the technology itself since there are
various other technologies who could do just that. It does, however, facilitate the communication
within supply chains and connects existing databases due to the desire of supply chain actors to see
what BT can bring to their business.
Other databases can do the same, however, not in a decentralized and immutable manner. If the
environmental and social impact of a product is included in such a database, the immutability can add
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value. Still, this immutable information needs to be verified by an independent third party to make the
claim legit, especially if consumers cannot directly relate to such content.

7.1 Limitations and further research
The research had some limitations which can partly be addressed in further research. Firstly, although
the main research question does not set any restrictions on sustainability, this research focusses on
environmental and social sustainability which two of the four pillars of sustainability are as defined by
the FAO (2004). BT could have different effects on the other pillars of sustainability, namely food safety
and quality and economic viability, which are not thoroughly investigated in this research.
Secondly, the supply chain of the case study was already implementing a blockchain project which
influences the stakeholder perception of BT. This perception could be limited to the implications of the
blockchain project, which makes the findings on stakeholder engagement only applicable for this
specific supply chain with this specific blockchain design. Moreover, the supply chain interviewees
understood BT as an incorporative blockchain as the Powerchain they were implementing, while most
expert interviewees understood BT as a term that could entail various designs. The perception of
(blockchain) experts and consultants may not be aligned with the possibilities for the technology within
specific supply chains, as they are unaware of the supply chain characteristics. Future case studies
could include different blockchain designs to assess the differences between incorporative and more
radical blockchain forms.
Regarding the case study itself, the supply chain interviewees all had a financial incentive to cooperate
in the blockchain project, since they were already part of the supply chain which was now adopting
blockchain technology. Their engagement with this project is influenced by existing relationships, both
contractual as social, between the supply chain actors which was not assessed in the case study. This
could have led to a sponsor bias (Kumar, 2014). This, as the interviewees from this case study, are not
likely to disprove with their benefiters within the supply chain. This could have led to predetermined
outcomes of the case study. The setup of this research aimed to ease this possible bias by interviewing
experts without personal interests in the supply chain.
To perform the case study, the researcher had to gain permission from supply chain actors to conduct
the interview. Some interviewees wanted to see the questions beforehand. During the fieldwork, it
turned out interviewing plantation owners or workers was not possible. This limits the assessment of
the whole supply chain significantly, especially since various sustainability issues occur on the
plantations. Although this research tried to overcome this by interviewing various experts, future
research should include the production side of the chain as well. Moreover, as the banana Powerchain
project entered phase two at the time of writing, new features within the project could considerably
affect the outcomes for the dimensions. Future studies should take this temporal effect into account
to assess what the effects over time will be of BT adoption in a supply chain.
Since BT is a rather novel technology, there is little academic literature available about blockchain for
agricultural supply chains, let alone on BT to enhance the sustainability performance of agricultural
supply chains. Therefore, the case study and interviews with experts provided most of the insights
within this research. The blockchain expert interviewees were mostly contacted in person on meetups
or blockchain events, which could have resulted in a systematic error since it could be that only likeminded people visit those events. Some blockchain experts, however, were found and contacted
online. Besides, the results of this research could be subject to researcher bias. This, as a single
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researcher, conducted the interviews and performed the analysis. In future research, multiple types of
research should conduct the case study and analysis of the results to lower this bias.
To enlarge the generalizability of the research on BT adoption for supply chains, future research should
aim to include multiple supply chains with different supply chain actors and different bilateral
relationships. This, as various dimensions, are depending on supply chain specific variables which could
differ from other supply chains.
Future developments in the blockchain domain might result in different designs and a broader
understanding of the current immature technology, which requires different or more dimensions to
gain a holistic understanding. Since the motives for implementing a blockchain can differ among actors,
a broad scope of the analysis should be chosen in using the deliberative blockchain adoption
framework rather than for sustainability motives alone. As BT can be a huge catalysator for
collaboration between supply chain actors, future research should include how to use this function to
ensure more sustainable business practices within banana supply chains. As found in this research,
willingness to cooperate, creating trustworthy data inputs and share data between supply chain actors
are bigger hurdles to overcome than the current limitations of BT itself.
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8 Conclusion
This research assessed if BT can provide transparency about sustainability in agricultural supply chains.
To do so, a banana supply chain originating from the Urabá region in Colombia was used as a case
study and multiple experts in various relevant domains were interviewed. By joining a blockchain
implementation project, first-hand insights were derived from supply chain actors in Europe, while
more abstract findings could be obtained from the expert interviews. Together they shed light on the
five dimensions of the deliberative blockchain adoption framework (Stakeholder engagement, Local
context, Operational feasibility, Technological novelty and Necessity of adoption) to assess the
implementation of BT in banana supply chains. This particular framework was chosen since it enabled
critical evaluation of BT as a technology to provide more transparency about sustainability of a supply
chain.
Banana supply chains have drawn quite some attention regarding their social- and environmental
sustainability performance. The Urabá region, where the bananas of the case study are grown, is
subject to multiple environmental- and social sustainability issues that occur in other banana
producing regions as well including deforestation, biodiversity loss and the extensive usage of
agrochemicals and fertilizers. Other issues are more region-specific and can be attributed to several
historical events. Still, multinational fruit companies played a dominant role in these events and were
not halted in exploiting the region for banana production under favorable business conditions in a
neoliberal landscape. This led over time to the establishment of an agrarian elite, a trend seen in other
banana producing regions as well.
Multinational fruit companies adopted voluntary standards as Fairtrade to show consumers they are
improving their business practices. The impact of these standards is, however, debated among
scholars. This is partly caused by the non-transparent auditing practices and doubtful incentive
mechanisms on which audits are conducted. Based on this finding, there can be concluded that
communicating the validity of a standard via BT is not enough to ensure the sustainability of a supply
chain.
BT is an emerging technology that is known for its immutability and transparency which could create
trustworthy transparency about sustainability in banana supply chains. This potential is, however,
depending on the blockchain design, data on the blockchain and the verification of this data. These
choices remain in the hands of supply chain actors or transparency providers, which makes BT for
supply chains just another technology that can be used if immutability is desired. If this is considered
necessary, the connection between the physical and digital product and the ability to track and trace
it throughout the supply chain become essential.
To answer if BT can increase transparency about sustainability, there are multiple factors that play a
role in answering this question. First, different blockchain design considerations are important. An
incorporative, mostly private, blockchain which is not autonomous from existing institutions, mainly
facilitates storytelling about the provenance of a product to the taste of these existing institutions. This
does not have to be negative, but the main advantages of BT (immutability and trust) are not used to
their full extent by such design. Besides, the way how data is collected by various actors in the supply
chain does not necessarily change, especially if the blockchain collects data from existing data
management systems. It does, however, disclose this data partially to the public, which improves the
transparency of the supply chain.
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If a powerful entity in the supply chain implements a blockchain-based database, they control which
information about a product is communicated to other supply chain actors and consumers. Therefore,
the trust in the sustainability performance of a product remains with the supply chain or blockchain
initiators, and not with the blockchain. On the other hand, if indicators are chosen by an independent
organization it remains a huge challenge to assess the overall sustainability of a supply chain since
these indicators can hardly address all aspects of sustainability.
BT can by its design push the trustworthiness of information towards the edges of a supply chain,
which makes auditing of these ‘edges’ crucial. The digital connection to the physical product is an
important factor to consider. There is no absolute guarantee that the banana in the supermarket is the
banana form the blockchain which will always remain the case when a digital entity needs to be
connected to the physical world. Therefore, there will remain room for fraudulent activities before
data is submitted to a DLT. Fraudulent activities are not possible with data already on the blockchain,
which makes the database itself more reliable than centralized databases. Still, the API through which
node holders, and possibly consumers, communicate with a blockchain need to make data changes
visible to utilize immutability as a feature. Integrating IoT devices can mitigate possible fraudulent
activities since they can triangulate claims if used in numbers. One IoT device, however, will not be
enough since the input of a device can still be tampered with and would require continuous auditing
by a third party.
Thus, the ability of BT to create transparency about sustainability in banana supply chains is depending
on which data is put on the blockchain and the trustworthiness of this data. Which data to include
remains debatable, as the effect of increased transparency of a supply chain is predicted in various
ways by interviewees. Moreover, the perceptions of what is part of a blockchain project differed as
well. While some interviewees considered all content relating a certain project part of the blockchain
project, others limited the definition of a blockchain project to only the data stored on a blockchain.
Besides, opinions on which data to include on a blockchain to improve the transparency about
sustainability differed among interviewees. Whereas some argued for radical transparency by
disclosure of margins and the cost of production including externalities, others argued that assuring
the legitimacy of a label would already improve the transparency of the chain.
If the current auditing practices of standards such as Fairtrade will stay the same, blockchain
technology will only communicate these claims immutably. Triangulating claims with different data
sources would be a necessity to utilize blockchain for increased transparency about sustainability in a
banana supply chain. Supposing that the technology is purely used to validate the legitimacy of an
existing label as Fairtrade, the trustworthiness of the sustainability claims remains with the Fairtrade
auditing practice which widely debated and subject to fraudulent activities. Auditing these practices
becomes, therefore, even more important to make sure the data on a blockchain is reliable. If this is
not done correctly, a blockchain (in any design) will only prove unjustified claims which become
immutable but will not make them true. BT can increase the transparency of sustainability
performance within a supply chain if the data submitters and validators are trustworthy and have the
legitimacy to make certain claims. BT itself can shift the credibility of information to the edges of the
system, but it remains just technology which can be utilized as part of a solution.
Implementing a blockchain requires expertise, involvement and time of relevant supply chain actors
and the willingness to invest in operational changes to facilitate the track and traceability of products
along the supply chain. Therefore, implementing BT is probably only feasible for large multinational
corporations that have these resources at their disposal. Adoption by smallholders might require
cooperation between plantation holders or with larger corporations. To make it work for supply chains,
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every actor should have a benefit for implementing the technology and implement operational
changes if necessary. If these benefits are not equal for supply chain actors, it becomes a question who
will pay for these operational changes at different steps in the supply chain. This could also result in
unwanted interdependencies between companies in a supply chain, with the inability to change
suppliers or buyers for the commodity.
Currently, BT can facilitate the debate within supply chains to look critically at their sustainability
performance and could be used to communicate the sustainability performance of a supply chain. Still,
multiple indicators on the overall sustainability performance should be carefully chosen and regularly
verified by a third-party auditor to create legitimacy for the claims made. BT will therefore not replace
third-party auditors since it still will be necessary to validate claims made by a supply chain. BT could,
however, facilitate the validation of these claims since data on the blockchain could be used for
validation processes and triangulation. Putting the validation in the hands of the consumer would soon
not be feasible, especially since the consumer is fed with information on the blockchain which is
already approved by the supply chain actors for the consumers to see.
Altogether, BT is not a panacea for all problems within banana supply chains, but it can make supply
chain actors look critically to their suppliers and make more sustainable business practices transparent
for consumers. Actual sustainability performance improvements will only be obtained if this is the
intrinsic motivation of the supply chain actors since there is plenty of room to use the novel technology
for marketing purposes only. Consequently, any immutable sustainability claim about a supply chain
cannot be taken for granted and should therefore be critically examined or triangulated to utilize BT
for reliable transparency about sustainability.
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10 Annex I: Interview guide for a semi-structured interview
Blockchain for food expert
The interview questions have to give answers to the case study categories of the deliberative
blockchain adoption framework (see figure 4). These are stakeholder engagement, local context, and
Operational feasibility. At the start of the interview, these questions will be asked:





Can I record this interview?
Do you wish to stay anonymous by name and or company?
What is your profession and expertise in blockchain technology?
What is your expertize on BT in relation to food supply chains?

Based on the response answers, the appropriate questions are asked from the table below. If the
interviewee states he/she has no knowledge on a specific subject, the interviewee is still asked the
specific question to share their thoughts on the matter to gain a more holistic perspective.

Interview Theme’s Scope

Question

Operational feasibility

Current practice

Local context

Compatibility

How could blockchain improve current practices in food supply
chains?
How will supply chains need to adapt to implement BT?
Do these adoptions differ between Fairtrade and conventional
chains? Is this feasible for developing countries?
What are the advantages and disadvantages of applying BT in
agricultural supply chain chains?
Would you describe BT as a good solution to tackle social and
environmental challenges in food supply chains in developing
countries? And Why?
Are there also other technologies out there which could give the
same result?
How do consumers know data on a blockchain is trustworthy? Is
auditing still needed? What will be the ideal role of IoT?
Should an agricultural supply chain blockchain be public, private
or hybrid by design?
Which features should a blockchain poses to be utilized for food
supply chains?*

novelty
Technological novelty

Necessity

Uniqueness
Requirements
BT design
Blockchain
project
Benchmarking

BT
requirements
*More
specific
questions on the
features if the
interviewee does
not address them
in the previous
question.

BT future proof

-

To which extent should a blockchain allow for growth?
Should a blockchain be interoperable with other blockchains
by design?
What should be the throughput, latency, and cost for
transactions?
Is forking a risk for BT adoptions by (Agri) supply chains?
What is the desired governance structure?
Should a BT involve a token or cryptocurrency?

Will BT still be reliable in the future? Given the developments of
quantum computing for instance.
To what extent are regulations a concern?
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Fyffes - banana supply chain actor
The interview questions have to give answers to the case study categories of the deliberative
blockchain adoption framework (see figure 4). At the start, these questions will be asked:




Can I record this interview?
Do you wish to stay anonymous by name and or company?
What is your profession and role in the banana supply chain?

After these questions, questions will be asked from the following table. At the start of the questions
about the blockchain benchmarking them a short explanation of blockchain technology in general will
be given to create understanding about the technology its capabilities.

Interview
Theme’s
Operational
feasibility

Scope

Current
practice

Current
practice
Needs
Alternatives
Local context

Digitalization

Data
management
Willingness
Transparency
level
Local
characteristics
Barriers
Local need

Blockchain
benchmarking

BT design

Stakeholder
Engagement

Future
perspective

Question
What is your role in the banana supply chain?
Which data is currently collected (in role of chain)? How is it collected, and
what devices are used? Is this different in a Fair trade supply chain (if
Fairtrade is handled)?
Which of this data is about social and/ or environmental impacts
of the processing step? Is this different in a Fair trade supply
chain?
Are you sharing data with other parties in the supply chain (or
governments, certifiers or auditors)? What system do you use for this?
Which challenges do you observe regarding traceability and data integrity
in the supply chain?
What
are
the
possible
solutions to
these
challenges?
Did you try them already?
What are your thoughts on making the data flow more automatic by using
electronic devices as trackers and temperature meters throughout the
supply chain?
What are your thoughts on a shared server for all members in the supply
chain to assess? Is that technically possible?
Are you (and your business partners) willing to share data in one system?
And if this would increase efficiency?
Which data can be shared with whom (i.e. partners, auditors, customers)?
Why?
Which data should not be shared? Why?
How would you describe the team current team working in your (role of
the supply chain)? How are people educated? What skills do they possess?
What are your thoughts about the feasibility of changing the current
working practices of the employees towards more digitalization?
How do you think an immutable information sharing system could improve
efficiency or sustainability of your role in the supply chain?
What about the whole supply chain? How will your role change?
Do you see the potential of using BT in your everyday work? What are the
advantages and disadvantages?
(If understanding BT is existing after explanation)
What should a blockchain based system be capable of for (role in supply chain)?
How would you such as that supply chain information flows will be
managed
in
5
years?
Would
blockchain
be
used?
(If understanding BT is existing after explanation)

71

(Banana) Agricultural supply chain expert
The interview questions have to give answers to the case study categories of the deliberative
blockchain adoption framework (see figure 4). At the start, these questions will be asked:





Can I record this interview?
Do you wish to stay anonymous by name and or company?
What is your profession and expertize in agricultural supply chains?
What is your knowledge of the banana supply chain? And the banana supply chain originating
from Colombia?

Based on the response answers, the appropriate questions are asked from the table below. If the
interviewee states he has no knowledge on a specific subject, questions on this subject will not be
asked.

Interview Theme’s Scope
Sustainability
issues

Operational feasibility

Current practice

Fair
trade
practice (only for
Fairtrade expert)

Needs
Alternatives
Willingness

Local context

Digitalization

Transparency
level
Blockchain
benchmarking

BT design

Stakeholder
Engagement

Future
perspective

Question
Which social and environmental sustainability issues are
prominent in the (banana) supply chain? What are the causes?
How are these issues different in the Fairtrade banana supply
chain? Why?
Which data is used to verify quality and origin in both
conventional as Fairtrade supply chains and how is this
managed? Which other social and/or environmental impacts are
measured?
Which data is collected and used for auditing Fairtrade
certification? Which other social and/or environmental impacts
are measured?
Which problems do occur by this auditing? Why? Does this differ
between countries?
Which challenges do you observe regarding traceability and data
integrity in the supply chain?
What are the possible solutions to these challenges?
Which has been tried already?
Do you see a willingness of the business involved to improve
sustainability (social and/or environmental) in their supply
chain? Are the knowledge and resources available?
What are your thoughts about the feasibility of changing the
current working practices of the employees towards more
digitalization in the banana supply chain? where will this be
difficult?
What can all be digitized in the supply chain? do you see a role
for IoT devices? What work remains for humans?
Which social and/or environmental metrics need to be shared
with consumers to improve sustainability in the supply chain?
How should this be done?
Do you see the potential of using BT in the supply chain to
improve sustainability? What are the advantages and
disadvantages? (If understanding BT is existing) What should a
blockchain based system be capable of?
How would you such as that banana supply chain information
flows will be managed in 5 years? Would blockchain technology
be used?
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11 Annex II: Interviewee list
Expert interviewees list
Name

Job Title

Company

Anna Klapwijk
Bart van Maarseveen
Giovanni Wawoe
Anonymous
Rafael da Costa Guimaraes
Dennis de Vries

Consultant
Blockchain consultant
Partner Consultant
Blockchain expert
Growth hacker
Senior
manager
digital
transformation
Senior
scientist
impact
evaluation value chains and
food systems
Digital transformation manager
CTO

Deloitte
The Fork
Responsiblebizz
Fairfood
KPMG

Fedes van Rijn

Brett Grey
Caspar Honée

Wageningen University and
research
DNV-GL
SIM Supply Chain Management

Supply chain Interviewee list
Name
Hans Maagendans
Erik Brand
Allard Hesselink
Derek Niemoller
Alex van Soest
Joyce van Baak

Job Title

Company name

Role

Director
Key account manager
Comercial / technical
support
Account manager
Storage supplier
Category
manager
AGV

Banafood
Fyffes
Fyffes

Ripening
Import
Import

Maersk Line
Hollander Barendrecht
PLUS Retail

Shipping
Distribution
Retail
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12 Annex III: Coding framework
Coding frameworks with used codes, the number of used codes and the groups they belong to in the
deliberative blockchain adoption framework. The expert interviews are coded separately from the
supply chain interviews.

Coding framework with results from the expert interviews:
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Coding framework with results for the supply chain actor interviews:
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13 Annex IV: Blockchain design
The design of a blockchain-based system is depending on the problem in a supply chain that needs to
be solved. After gaining understanding of the problem, the requirements of a blockchain can be
specified and priorities can be listed. the requirements include choices between public, private and
hybrid designed blockchain platforms, the governance structure of a network, the desired security,
speed of transactions etcetera. Priorities refer to the importance of each of the requirements for a BT
based solution. For instance, is transaction speed more important than security or vice versa? What
are the trade-offs of different governance structures? There is a difference in these requirements
between B2B and business to consumer (B2C) solutions. In the blockchain domain for agricultural
solutions there is debate about the best design for specific problems. There are advocates for fully
open and decentralized platforms, while others argued that private blockchains between known actors
are better suited for the same solution. There are four key technological choices which have to be
made which are (1) Permission design between known or unknown actors on a network, (2) the choice
for a consensus algorithm such as Proof of work or proof of stake algorithms, (3) inclusion of smart
contract possibilities and (4) the use of a cryptocurrency which is also depending on the chosen
consensus algorithm (Ge et al., 2017).
Consultant: ‘‘if you're going to define an entire blockchain program for your supply chain, it
can be quite expensive. But you can do that in stages and iterations which are much more
valuable, that impact the bottom line, so you see that return on investment’’
It is fully depending on the existing problems in a supply chain, and which of those should be solved by
BT, to consider different blockchain designs. Ideally, a design should allow for B2B and B2C transactions
to be utilized for various purposes and is solving different problems within a supply chain.
Hyperledger design allows for more transactions per second against zero transaction costs compared
to existing public blockchains such as Ethereum. Since Hyperledger Fabric is private by its design, it is
less transparent due to the lack of publicly available verification nodes. This was, however, a reason
for SIM to choose this DLT since companies are not used to sharing data publicly with others yet.
Companies want to experiment with BT in a safe environment. As the permissioning is an important
feature, so they could manage upon clients request which data is available for which supply chain
actor. The following paragraphs outline some of the most encountered design choices and
considerations.

The Permission design decides if all actors are known on a network or data contributors can stay
anonymous. For supply chain usage the data contributors should be known since this would make
actors liable for their submitted data while creating a form of self-censorship.

Public or private design choices are under huge debate, but there is a trend visible to more public
blockchain adoption instead of private ones. A private permissioned blockchain called Hyperledger
Fabric allows parties to update and query data on the blockchain-based on their role and access rights
such as all DLT’s (Ge et al., 2017). There are a lot of projects working with this DLT already and the
development of the open-source protocol of Hyperledger is continuing. Hyperledger Sawtooth
recently came out as a version that is specially adapted to supply chain usage. However, a lot of
critiques can be found on the private design of Hyperledger. Moreover, some even don’t call it
blockchain technology but a DLT only.
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Triple entry accounting is often mentioned as an important feature of blockchain technology which
solves the double-spend problem. This means that a single entity on a blockchain cannot be duplicated
and the bookkeeping of transactions between actors is always up to date. Selling or buying double
digital entities is made impossible. This feature comes in handy when a certain number of commodities
is certified. If there are suddenly more or fewer commodities certified, the blockchain would not allow
for that to happen while other centralized databases would not notice any fraudulent activity. To make
it case-specific, this feature of blockchain technology can make sure that only a certain number of
certified bananas can be sold as certified bananas. For it to work, a digital twin should be created for
something in the real world. This would then travel both digitally and real trough a supply chain.
Without the utilization of this feature, fraud is rather easy by labeling more bananas with QR-codes
than certified for but refer to the same blockchain-based database. This fraud is happening with
certified products on a wide scale.

Interoperability with existing supply chain infrastructure and other DLT’s is important in designing
blockchain-based solutions for existing supply chains, especially when there is already a digital
infrastructure in place and operational changes should be kept to a minimum. When a supply chain
originates from a country where such digital infrastructure is not existing, there is room to build a
digital infrastructure that is entirely blockchain-based. In this way, blockchain can help leapfrog less
developed countries

Sustainability of blockchain itself is of importance since the goal of this thesis is to assess if blockchain
technology can increase the sustainability of the banana supply chain. There are different blockchain
designs that can have different consensus mechanisms. The three most commonly known today are
Proof of Work, Proof of Stake and Proof of authority. Public proof of work (PoW) consensus requires
computing power to solve mathematical problems, a process of so-called mining. The allocation of this
computing power requires significant energy which is now under debate. Opponents argued that
sustainability has not been considered in the design of Bitcoin and as a result, the mining consumes as
much power as the whole country of Ireland. Proponents of PoW state that the mining can be done
anywhere and with sustainable energy and that banks and their ATM structure globally consume more
than Bitcoin ever will. The mining can be done where energy is most abundant and at a relatively low
cost while it could replace the role of the banks according to an interviewee.

Future proof design keeps possible scenarios in mind that blockchain will be hacked one day. Although
blockchain might be one of the most secure database IT solutions available, there is still a change its
security is breached one day. Therefore, it is best practice not to put too sensitive data on the
blockchain itself and build a database modular so it can interact with different blockchain solutions
that could be more suited to fit desired needs in the future. Besides, there are two manners of
encryption of which only one is quantum hacking proof. It is essential to keep up with these
developments and respond to possible threats where possible to keep solutions immutable.
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