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This article presents a holistic and integrated framework for blockchain deployment in global

Agro-food ‘supply’ chains and how to transition them to accountable and sustainable global

‘value’ chains. Though many a scholarly contributions have assessed blockchain imple-

mentation at various levels in the chain, this research holistically looks at impediments to

blockchain implementation at each level in the value chain. The study first establishes

interlinkages between the three United Nations Sustainable Development Goals (SDGs),

namely food for all (SDG 2), health for all (SDG 3), and sustainable consumption and

production (SDG 12). It assesses the legal framework (namely trade law) and regulatory

requirements therein. It then employs a case-study-based approach to assess blockchain

deployment from the lens of operations management. These inter-disciplinary insights offer

an enabling framework to successfully implement a vertically-integrated blockchain across

the entire global Agro-food value chain. An end-to-end blockchain promises accountability,

and thereby, enhanced trust in trade by offering a time-stamped ledger of transactions from

the farm to the fork, to the end consumer. This systematic study, and its findings therein, are

expected to serve as a ready reference guide to managers and policymakers for a truly

integrated farm-to-fork blockchain deployment.
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Introduction

Food is one of the most basic human necessities. Despite all
the progress made by mankind, even in a pre-Covid pan-
demic and the pre-Ukraine war world, over 135 million

people worldwide suffered from acute hunger. This food shortage
could be directly attributed to unsustainable human activities,
such as excessive deforestation, pollution and the economic
downturn (United Nations, 2022). With the recent global pan-
demic and the ongoing war, it is feared, that by 2030, over 840
million people will not be able to meet their basic food require-
ments on a daily basis (Nature Editorial, 2022). The problem gets
compounded by the fact that food value chains are often very
long, and span across countries and therefore, it is very difficult to
track and trace the food products in a reliable manner from the
‘farm-to-the-fork’. In addition, over one-third of the food pro-
duced worldwide is wasted each year due to inefficiencies along
the food supply chain (Yadav et al., 2021).

In 2015, global leaders took an important stride towards global
cooperation and multilateralism as they joined hands to achieve,
for the benefit of all, the 2030 Agenda for Sustainable Develop-
ment Goals (SDGs). Amongst them, SDG 2 aims to ensure ‘food
for all’ by 2030. Healthy and nutritious food can also positively
contribute to better health. Thus, the interlinkage between SDG 2
(food for all) and SDG 3 (health for all) must not be overlooked.
The two goals are not only spatially closely situated, but they
interestingly, also enjoy a very close evidence-based linkage. A
healthy and nutritious diet can prevent many lifestyle diseases.
Scientific evidence establishes that obesity is the root cause of
many life-threatening diseases, such as hypertension, diabetes,and
heart-related diseases (Ali, 2021).

As our resources remain limited; the world population con-
tinues to grow at a geometric rate, and is expected to cross the 8
billion mark in 2022, the big question is how can we, despite all
the limitations and challenges, ensure the timely attainment of
SDGs 2 and 3? The question is pertinent as over 3 billion people
worldwide are unable to enjoy and afford a regular and healthy
diet (World Bank, 2020). In other words, while over 840 million
are unable to have daily and regular access to food (namely, SDG
2); the number gets still bigger and impacts a population of over 3
billion people globally, as the discussion transitions from ‘access
to food’ towards ‘access to “healthy” food’ (namely, SDGs 2 and 3
collectively).

Interestingly, SDG 12, namely ‘sustainable consumption and
production patterns’ with its focus on the supply chain can be a
key enabler to achieve SDGs 2 and 3. This can be explained by the
fact that even though we cannot infinitely increase the resources
deployed to augment the food produced, we can certainly
enhance efficiencies along the food chain to augment the total
output produced (Coelli et al., 2005). Increased efficiency, both
dynamic as well as static, contributes to higher productivity. More
efficient resource utilization and better allocation of resources,
through improved production and allocative efficiency, respec-
tively, can help get more output from the same limited factors of
production. Greater innovation, also referred to as dynamic
innovation in industrial policy, can enhance both the quality as
well as the quantity of the output produced. This, in turn, leads to
an upward shift in the production possibility frontier (PPF)
(Kokkinou, 2013). This article, accordingly, delves deeper into an
emerging and one of the most discussed recent technological
innovations, namely blockchain technology (SDG 12), and looks
at its potential deployment in global value chains to enhance trust
in global trade and achieve health and food for all (SDGs 2 and 3).
To facilitate this, this article looks at the issue from the per-
spective of Agro-food global value chains (GVCs). Agro-food
GVCs are long and complex, and may oftentimes span across
many a country. Industrialization of food means that the food

GVC is more globally dispersed than ever. Tracing and tracking
food along the global value chain is a challenging and expensive
task. The research question that this article seeks to answer is
thus: How can blockchain technology be sustainably deployed
across the entire Agro-food global value chain, and whether this
can help track and effectively trace the food product from farm-
to-fork, and thereby enhance consumer trust in global trade?

To systematically address this research question, the article is
organized as follows. Section “Introduction” looks at the inter-
linkages between SDGs 2, 3 and 12. Section “Literature review”
offers a literature review and identifies the gap in the current
literature, that this study seeks to address. It also highlights the
methodology pursued in this research. Section “Global Food
supply chain: From supply chain to a value chain-driven
approach” discusses the need for a movement from a ‘supply
chain’ to a ‘value chain’-based approach. The section “Blockchain
technology and its relevance for the Agro-food value chain”
discusses the key principles of blockchain technology. Section
“International trade, food value chains, and the blockchain
technology” brings together sections “Sustainable development
goals” and “Global Food supply chain: from supply chain to a
value chain-driven approach” to offer insights on how blockchain
may add value to the global Agro-food GVCs. Considering the
hype surrounding blockchain technology, the section “Case stu-
dies” illustrates six successful case studies, wherein blockchain
was/has been effectively deployed to add value at different levels
of the value chain. So far, scientific literature evaluates how
blockchain has been deployed at certain levels in the value chain.
This section offers insights into how this piecemeal approach of
blockchain deployment may be integrated to facilitate a truly
global farm-to-fork blockchain-based value chain. Section
“Conclusion and road ahead” concludes the discussion, identifies
the management and policy implications of this research and
offers a road map for further research.

Literature review
Many scholarly contributions have assessed the potential of the
blockchain technology to meet the various targets of the UN SDG
goals. Parmentola et al review over 195 peer-reviewed articles
published in top-tier journals, that deal with blockchain tech-
nology, and find that its potential has not been evenly explored
across the SDGs (Parmentola et al., 2021). While the benefits of
the technology are over-explored in some of the SDGs, they
remain under-explored in the context of the other SDGs. Most
notably, Engineering (17%), Computer Science (15%), Social
Science (13%), and Environmental Science (11%) literature have
intensively explored the potential of the blockchain technology
(Parmentola et al., 2021). Villiers et al study how the two emer-
ging technologies, namely, the internet of things and the block-
chain technology, can be successfully married to offer reliable
data and information and thereby, contribute to the UN SDGs
(de Villiers et al., 2021). The authors find that enhanced
accountability can contribute to greater efficiency and more
effective management along the value chain and thereby, facilitate
the attainment of the SDGs. Using a multiple case study
approach, Tsolakis et al. assess the potential of the blockchain
technology to augment tracking and tracing in fish supply chains
from the lens of Operations Management (Tsolakis et al., 2021).
The authors look at the blockchain implementation in both - the
small scale, such as local fishing operations and medium- to large-
scale operations, such as commercial fishing operations and
canned tuna manufacturing in Thailand. They apply the ‘Prin-
cipal-Agent Theory’ and ‘Transaction Cost Analysis’ to assess the
value of digital supply chains to achieve the SDGs. Yadav et al
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identify the key barriers that limit the uptake of blockchain
technology in the Indian Agricultural Supply Chain (Yadav et al.,
2020). To identify the barriers to adoption, Yadav et al use an
integrated ‘ISM-DEMATEL-Fuzzy MICMAC’ methodology. This
methodology is used to explain how the ten identified factors
impact the level of adoption of the technology, as well as how
these different factors re-enforce one other. The authors further
undertake a rigorous sensitivity analysis to evaluate the robust-
ness of their model. To illustrate with an example, they identify
that ‘interoperability and standardization’ (factor 4), ‘scalability
and system speed’ (factor 7) and ‘security and privacy concerns’
(factor 3) not only limit the blockchain adoption in the context of
the Indian agriculture, they in fact, also mutually re-enforce and
amplify the impact of one other. Yadav et al. (2021) further
advance the model developed by (Yadav et al., 2020) and integrate
these foregoing barriers into clusters to develop an effective fra-
mework to assess how blockchain may be adopted and integrated
smoothly into the food value chain (Yadav et al., 2021). The
authors select a very diverse set of stakeholders from across the
value chain—ranging from blockchain developers to top (C-level)
executives and from farmers to professors. This helps them
effectively identify the key factors that limit the adoption of the
technology. The authors offer insightful recommendations for the
Agro-food industry practitioners as well as for the policymakers.
They identify how blockchain technology by offering real-time
information can facilitate effective monitoring and augment trust
in the Indian food security system. This enhanced trust, in turn,
can solve the issue of investments in the Agri-food sector. Finding
trusted and reliable information about the Agro-food supply
chain at their disposal, investors and crowd-funders may find it
easier to undertake a cost-benefit analysis and agree to invest their
money even with small and medium-sized producers (Yadav
et al., 2021).

The literature referred to above, and also as discussed in this
paper, makes a valuable contribution to highlight the potential
and the limitations of blockchain technology in achieving one or
more SDGs. These discussions are either field-specific or limited
to a particular geography. The present paper contributes to this
rigorous debate by making the following three notable con-
tributions to the literature. First, the paper looks at the entire
global Agro-food GVC, and assesses how blockchain technology
may help clear the bottleneck at each step in the value chain—
from documentation to financing, from the farm to the fork—and
thereby, offers a blueprint for a truly global blockchain-driven
farm-to-fork Agro-food value chain. Second, to achieve this, the
paper pursues a case study-based methodology and summarizes
its findings in the form of a flowchart, that clearly maps which
case study may have suggestions for which level of the food value
chain. Third, employing an inter-disciplinary methodology, with
research insights from the scientific literature, operations man-
agement, trade and customs law, and management literature, the
study is a constructive endeavour to develop a workable frame-
work for management, and policy makers alike. The paper,
accordingly, systematically studies the gaps in the current piece-
meal blockchain deployment, synthesizes the findings, and
complements the case studies discussed, in the form of a flow
chart. To do so, the paper employs qualitative desktop-based
secondary research and analyses the peer-reviewed literature from
different disciplines.

Sustainable development goals
An important mark that weaves all the countries, irrespective of
their level of development, whether developed, developing, or
under-developed, is the desire to have a peaceful, prosperous, and
sustainable future for generations to come. In the 2030 Agenda

for Sustainable Development Goals (SDGs), this mutual desire is
reflected in the 5Ps of the SDGs—namely, ‘People, Planet, Pros-
perity, Peace and Partnership’ (United Nations Sustainable
Development Goals, 2023). There are 17 SDGs as identified in
‘Transforming our world: the 2030 Agenda for Sustainable
Development’. SDG 2 refers to the need to ‘end hunger, achieve
food security and improved nutrition and promote sustainable
agriculture’. Notable ways recognized in the Charter to achieve
SDG2 are to ensure access to food (goals 2.1 and 2.2), doubling
agricultural productivity, develop sustainable food production
systems and the implementation of resilient agricultural practices
and promoting flora- and fauna-bio diversity (goals 2.3, 2.4 and
2.5, respectively) through enhanced investment in scientific,
logistics and financial services as well as greater international co-
operation for a more egalitarian global development (goals 2.a,
2.b, and 2.c). Before zooming in on SDG 2, and establishing its
relationship with trade, and emerging technologies, it is vital to
establish its link with the other two SDGs, namely SDG 3 which
seeks to ‘ensure healthy lives and promote well-being for all at all
ages’ and SDG 12 that seeks to ‘ensure sustainable consumption
and production patterns’. SDG 3 calls for healthy lives for all.
Global health and well-being are the key goals of this agenda.
Access to healthcare and medicines is but one aspect of health for
all. Perhaps even more desirable is a healthier life, which means a
longer and healthier life with minimalistic dependence on the
healthcare infrastructure. As healthcare and pharmaceuticals go
digital, there is a momentum towards precision-based medication
and personalized healthcare to ensure a healthier lifestyle (Cahan
et al., 2019). Consider for example, if one’s app indicates early on
the need to keep sugar under control, and prevent obesity, then
this early detection and recommendation of a low-calorie exercise
and a healthy diet can go a long way to prevent many a life-
threatening lifestyle disease. Food has a critical role to play in
enabling this healthy lifestyle. Empirical evidence establishes that
whereas cheap, ready-to-eat, and fast food may have enhanced
the quantity of food at affordable rates, it has also significantly
pushed the healthcare budgets of Governments worldwide (Lang,
2004). In the US alone, food-borne pathogens, such as salmonella
and E-coli, affect one in six Americans each year and cost the US
taxpayer an average of US $55.5 billion per annum (McDaniel
and Norberg, 2019). Sedentary lifestyle coupled with high car-
bohydrate and fat-rich diets and processed foods has made mil-
lions fall prey to various lifestyle diseases (Lang, 2004). Thus, in
order to ensure health and food for all, the inter-linkage between
SDGs 2 and 3 must not be overlooked. The two goals are not only
spatially closely situated, but they interestingly, also enjoy a very
close evidence-based linkage. Interestingly, SDG 12, namely
‘sustainable consumption and production patterns’ with its focus
on supply chains, can be a key enabler for SDGs 2 and 3. SDG 12
calls for a march towards ‘sustainable consumption and pro-
duction’ (12.1) by ‘sustainable management and efficient use of
natural resources’ and environment-friendly practices (12.2) such
as through reduced use of pesticides and chemicals in the food
chain and by encouraging a more circular economy (12.5). To
ensure this, the SDG calls for the following notable measures—
first, the adoption of and the reporting of sustainable measures by
large corporations (12.6); second, creating awareness amongst
people (12.8) and third, striving towards the larger vision of
sustainability, by taking into account, varying levels of develop-
ment in different countries (12.1). To achieve this, the SDGs call
for developing monitoring and implementation tools (12.b) and
encouraging scientific, technology and knowledge transfer
amongst countries (12.a). These SDGs also enjoy cross-linkages
with the other SDGs (for instance, the cross-linkage between SDG
1 and 2, cross-linkage between goals 12 and goals 13–15).
However, in light of the scope of the present research article, only
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SDGs 2, 3 and 12 remain central to the discussion. Looking at
SDG 12, the focus is to ensure ‘sustainable and accountable global
value chains’. When viewed from the lens of SDGs 2 and 3, the
focus can be further narrowed down to ‘sustainable Agro-food
supply chains’. The following section 4, accordingly, discusses the
need for a movement from a ‘supply chain’ to a ‘value chain’-
driven approach to enable ‘sustainable Agro-food value chains’.

Global food supply chain: From supply chain to a value chain-
driven approach
The two expressions, namely, supply chain and value chain are
used interchangeably in the literature. To offer clarity to the
discussion, this section first elucidates the difference between the
two, and then explains why an Agro-food value chain approach
may be better suited to appreciate the contributions of the
blockchain technology.

The first important question is why does one view this debate
from the perspective of value chains, and more particularly in this
case, as Agro-food global value chains? This may be attributed to
the fact that today competition does not take place between firms.
Competition, today is ‘between competing supply chains’
(Grainger et al., 2018). For a competitive advantage to be sus-
tainable, a given supply chain must be able to offer better value
and more competitive costs to its customers. Value-driven Agro-
food chains must be trackable and traceable. This can be a key
contributor to the sustainable dimension of a value chain. To
ensure the sustainability of supply chains, they must take into
account the triple bottom line concept. The ‘triple bottom line’
(TBL) refers to the ‘environmental, social and business dimen-
sions’ of the value chain. This TBL approach in management
literature also aligns with the focus of this article on the SDGs,
most notably SDG 12, from a policy perspective. An important
strategic and competitive dimension of this TBL-driven approach
is to ensure ‘confirmation and verification [of] sustainability
criteria and certifications’ (Saberi et al., 2018). A supply chain,
that is operated like a value chain, promises better value to the
consumers and also presents greater opportunities for cross-
border trade. In this respect, the interlinkage between a robust
value chain and trade cannot be underestimated.

An agricultural supply chain refers to the different steps—
starting from farming, production, distribution to processing to
sale to end consumer—namely the steps that complete the jour-
ney of an agricultural product from the ‘field to table’ (Mirabelli
and Solina, 2020). The concept of value chain, on the other hand,
is more nuanced as it maps the value-added at each stage in this
production process (Handfield and Nichols, 2002). In other
words, a value chain-based approach to logistics management
helps identify the key promise areas and pain points as well as key
value points along the supply chain. This also helps identify levels
in the value chain, whereby leveraging new technologies will
maximize return on investment and in turn, optimize the pro-
ductivity of the entire supply chain. When viewed from this
perspective, the supply chain transitions to a value chain. To
illustrate this approach and its significance with an example,
scholarly contributions have mapped the value chain of personal
computers (PCs) and tablet PCs. Three notable findings emerge
from that study. First, based on a value chain-based approach, a
firm may choose to outsource and focus on its core competencies
to maximize profits. This is typically observed in the information
communications and technology (ICT) sector where innovation
and marketing are key sources of value addition and product
differentiation. Firms, in such an industry, may, therefore, prefer
to sharpen their competitive edge and focus on their core com-
petencies. Second, value addition at different stages across the
value chain may vary substantially. In the case of the Nokia

95 smartphone, for instance, the country of ‘final assembling’
captured only 2% (circa Euro 11) of the total value of Euro 546
plus taxes, as distinct from the countries of research, innovation
and marketing, that captured over 51% (circa Euro 275) of the
total value. Third, and very important from a trade policy per-
spective, is the issue of inter-linkages and ‘dispersed geographic
effects of [a change in conditions of] trade even within the same
country [or within the same economic area, such as the European
Union]’ (Tyagi, 2020). These observations call for a well-designed
optimal trade policy. The discussion, henceforth, accordingly,
looks at the debate from the lens of global Agro-food value
chains.

The next important, and related question is what determines
the position of a country on the global Agro-food Value Chain?
Empirical analysis indicates that successful participation in the
value chain calls for a measured and an optimal policy design.
Such measures may include easing regulatory restrictions,
enhancing pro-innovation climate and simplifying ‘tariff, time,
speed and administrative procedures’ (van der Marel, 2015). For a
movement along the value chain—whether relative upstream or
relative downstream—countries must scale up their services, offer
labour market flexibility and intensify investment in ICT and
knowledge management (van der Marel, 2015). As production
and manufacturing become more complex, services sponta-
neously become an integral part of the value chain. Even for
products, such as Agro-foods, revealing as it may appear, services
account for a major part of the value chain. The food value chain
has experienced continuous ‘industrialization’, ‘servicification’
and technological interventions over time. To illustrate with an
example, the introduction of the ‘Chorleywood process’ in the
baking industry led to a quantum leap in the bakery sector. This
turned the baking industry into an automobile-like industry,
wherein the newly introduced ‘Chorleywood process’ could now
make ‘whipped bread to rise in a few minutes’—a process that
until then took upto 48 h (Lang, 2004). These and other tech-
nological innovations over time led to ‘flexible specialization’ and
the emergence of a ‘new human geography of food’ (Lang, 2004).
Therefore, ‘servicification of the production process’—meaning
services become an increasingly significant and integral part of
the GVC—too needs to be taken into account to ensure ‘an
optimal allocation of information, [which in turn also implies]
cross-border data flows’ (van der Marel, 2015). As the value chain
in general, and the Agro-food industry in particular becomes
more service-based, data has an increasingly essential role to play.
Interestingly, in the case of Agro-food GVCs, this is truer than
ever, whereby taking account of, and optimization of the use of
ICT services, such as the blockchain technology, can also sub-
stantially enhance efficiencies and minimize food waste (Saberi
et al., 2018).

Interesting as it may sound, the Agri-food sector is no stranger
to technology. In fact, it has been the subject of constant scientific
innovation. Laser bar codes and Electronic Point of Sale (EPOS)
systems were employed way back in the 1980s in the retail sector
(Lang, 2004). This was soon accompanied by the Japanese style
‘just-in-time’ (JIT) distribution system, robotic warehouses and
crop and retail management through satellites. As a matter of fact,
the so-called revelations and advantages of big data and customer
profiling were first experienced in the retail sector, when Target, a
US retail outlet accurately predicted the pregnancy of a teenage
girl, even before her family came to know about it (Hill, 2012).

Another important subtility with the Agro-food GVCs is that
they are, as discussed above, long and complex and may often-
times span across many countries. Industrialization of food
means that the Agro-food GVCs are more globally dispersed than
ever. Following globalization, the ICT sector experienced the rise
of global value chains and horizontal specialization; the Agro-
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food markets, on the other hand, experienced an opposite trend.
The ‘rapid regionalization and the move towards globalization’
led to the rise of ‘cross-border concentration’ in global Agro-food
value chains (Lang, 2004). This can be explained on account of a
number of factors. Lack of standardization in terms of record-
keeping may mean that participants across the value chain may
record data and other related information in varying formats. To
minimize the cost of maintaining records, producers in the Agro-
food value chain normally follow the ‘one up, one down’
approach (OUOD) (Kamath, 2018). This means that suppliers
along the value chain carry information only about the immediate
supplier upstream and the one downstream to them. This creates
issues of accountability and transparency. To iron out these
information asymmetries and internalize externalities, firms in
the sector engage in vertical integration. Externalities may be one
key reason why firms engage in non-horizontal concentration
(meaning vertical and conglomerate) in the Agro-food value
chain. Other factors include increased economies of scale and
scope, the possibility to deploy new emerging technologies and a
strengthened post-merger bargaining position, which in turn
leads to enhanced profitability for the vertically-integrated firm.

Competition authorities worldwide are taking note of this
trend towards concentration in the Agro-food-seed sector. Can
there be other alternatives that can check this trend toward global
concentration in the Agro-food sector? More particularly, can a
technological innovation, namely blockchain technology address
some of these concerns? If so, then this technological innovation
may then not only be a panacea for competition, but it may also
contribute to trust in trade, by enhancing the traceability and
accountability of these GVCs. The following section, accordingly,
first explores the key features of the blockchain technology, fol-
lowed by a discussion on how it may facilitate decentralization
and add value to the Agro-food GVCs.

Blockchain technology and its relevance for the agro-food
value chain
Blockchain is not one technology, it is, in fact, a combination of
many technologies that developed over time. Simply put, a
blockchain may be identified as a distributed digital ledger of
transactions that are time-stamped and nearly immutable. The
transactions are stored and added to the chain by ‘nodes’. A node
may be an internet-connected converged telecommunications
device—such as a smartphone, a computer, a laptop, or any other
inter-connected handheld device. Possibility for smartphones to
act as a node, as section “Limitations of the blockchain technol-
ogy” infra illustrates, can be an attractive attribute to ensure the
widespread adoption of the technology in the developing and the
under-developed world. Each time a new transaction is entered
on the blockchain, it is ‘broadcast to the network for verification
and auditing’ (Saberi et al., 2018). For a transaction to be
approved, the majority of the nodes must approve this transac-
tion. Decentralization means that no one central server is in
control of all the information in a blockchain. The information is
stored across the nodes in a decentralized manner. This ensures
trust in the system, as distinct from reliance on one central
authority or an intermediary.

A blockchain may be permissioned or permissionless. In a
permissionless blockchain, participants do not know each other
and anyone can participate in the permissionless public block-
chain. Satoshi Nakamoto’s Bitcoin is a classic example of a public
permissionless blockchain (Nakamoto, 2008). A private block-
chain is different in the sense that the network is closed and
access is offered only to known participants and those invited to
the network. In other words, the participants in a private block-
chain know each other and participation is available only upon

authorization. These kinds of permissioned blockchains are
typically suited for tracing and tracking, and for certification
purposes, where the participants may benefit from knowing the
details of the service provider(s) and the quality of inputs added
across the value chain.

A typical supply chain—as the section “Global Food supply
chain: From supply chain to a value chain-driven approach”
supra illustrates—is vertical, and the suppliers follow the OUPD
rule, wherein each service provider knows the identity of only
those immediately above or those immediately below them in the
supply chain. A blockchain-based solution makes this value chain
more circular, as each new transaction digitally entered on the
platform is flashed across to all the participants in the network. It
is only after the majority of the nodes have approved this
transaction, that the information is added to the ledger. More-
over, the entire ledger of information remains visible to all the
participants, including the customers, that are distantly located
from the suppliers upstream in the value chain. This enhances the
traceability of goods, and thereby, augments trust in the system.

In a consortium blockchain, a group of firms manages the
blockchain. This is a kind of semi-private and ‘partially decen-
tralized’ blockchain, whereby the consortium partners are known
to each other, and access can only be available upon invitation
(Ganne, 2018).

An important functionality of blockchain technology is ‘smart
contracts’, that work with an ‘if-then-else’ kind of logic. They are
not contracts as understood in law, instead, they automate the
self-execution of a prescribed act, once some pre-defined sets of
conditions have been fulfilled. These self-executing smart con-
tracts can take information from different data points, technically
referred to as ‘oracles’, as inputs. These inputs trigger action. As
an example, in our example of ‘sliced mangoes’ (see Walmart case
study in the section “Walmart uses blockchain to enhance
tracking and traceability” infra), if Walmart feeds a condition that
all the ‘sliced mangoes’ must be immediately recalled by a certain
date, the smart contract will automatically flash this instruction to
all the relevant nodes in the blockchain at the suggested point in
time. This also means that smart contracts work in alignment
with other technologies, such as the Internet of Things (IoT) that
act as an important source of data, and trigger actions along the
value chain.

Advantages of the blockchain technology. Blockchain is a kind
of distributed ledger technology (DLT). However, what makes it
different from the other DLTs is that it is a decentralized network.
This means that the information is not stored in one centralized
network. Instead, the information is disbursed across the network
in a decentralized manner. No one central authority can com-
pletely control the network, or alter its contents without com-
promising the integrity of the time-stamped ledger of
transactions. In other words, tampering may lead to ‘forking’, or
in other words, breaking up the chain. This particular feature
makes blockchains near-immutable. ‘Near-immutability’ does not
mean that a blockchain cannot be tempered with. What it means
is that blockchains are ‘temper evident and temper resistant’,
which makes it extremely difficult to temper with them (Yaga
et al., 2019). There may, however, be situations whereby the
blockchain (especially permissionless) can be tempered with, as
the section “Limitations of the blockchain technology” infra
illustrates with an example.

Possibility for smartphones to act as a node for blockchain
technology is another notable advantage of the technology, as it
can be a key enabler for the uptake and success of the technology.
An important case in point is the success story of M-PESA, the
mobile money, in Kenya. In Kenya, a host of socio-economic and
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political factors led to a technological innovation called M-PESA.
M-PESA emerged as a safe and secure way of transferring money
across Kenya. The country had a poor banking infrastructure,
which meant that people were forced to keep large amounts of
cash in their homes. To transfer money to their near and dear
ones, they are often required to carry cash in unsafe and
dangerous conditions. Seeing an opportunity, Safaricom, part of
Vodafone and Kenya’s leading Mobile Network Operator
(MNO), starting 2007 offered mobile users the possibility to
deposit and send cash to friends and family situated across the
country. Senders could deposit cash with a local agent in one part
of Kenya, and the receiver could safely withdraw it from another
Safaricom agent located in another part of the country. Within
the first month of its operations, M-PESA gained over 20,000
registered users. Following a decade after its launch, today,
M-PESA is a leading means of mobile-based money transfer
service in Kenya with over 27.8 million out of 45 million Kenyans
using the service on a daily basis (Miriri and Blair, 2018). Even
leading app stores, such as Google, have started to accept
payments from the M-PESA service. The success of M-PESA can
be attributed to two important factors—first, the possibility to
conduct transactions on a mobile phone, and second, the role of
public-private partnership in the initial stages of the project.
M-PESA offered a solution to a social problem, which without
initial funding from the public sector, may not have attracted the
attention of the private sector. Blockchain, likewise, offers
solutions to social problems, such as accountability and
traceability of Agro-food products, which may benefit from a
public–private partnership. Investment in the technology, parti-
cularly for the development of consortium blockchains, may call
for at least some initial seed funding from the public sector
(Ganne, 2018). We return to this issue in the section “ Case
studies”, wherein two blockchain-based pilot proof of concepts—
namely importing flowers from Kenya to the Netherlands (case
study “Flowing flowers from Kenya to the Netherlands”) and the
NAFTA/CAFTA project (case study “NAFTA/CAFTA and
blockchain POC”)—establish the role of the PPP for at least the
initial uptake and the follow-on mainstream acceptance of the
technology.

Limitations of the blockchain technology. Blockchain is temper
resistant, meaning that data once entered on the blockchain
cannot be tempered with. However, the information first entered
on the blockchain may be false. In other words, the credibility of
the blockchain depends on the information entered into it. In case
of false and incorrect information being entered on a blockchain,
this cannot be corrected by the technology itself. This means that
despite the implementation of the technology, some form of
human intervention—as is for example the case for data entry
and manual document verification—will still be required (Ganne,
2018). This is a crucial fact that merits due attention while
employing the technology. What blockchain can ensure is that
once data is entered on it, it can not be altered, in other words, it
remains ‘temper resistant’. However, what blockchain cannot
ensure is that the data entered on the blockchain has not been
tempered with. Thus, the human intervention also brings with it
the possibility of entering incorrect and false information on the
blockchain.

Another important limitation of the technology is that even
though it is near temper resistant, it nonetheless, remains fallible.
This can be attributed to the ‘51% attack’ problem, as per which
once a validator or a group of validators control more than 50%
of the network’s computing power, they can easily hack-in to
change and compromise the entire system. In an early example
that clearly exhibited the limitations of the technology, US-based

Distributed Autonomous Organization (DAO) invited partici-
pants to its Ethereum-based public platform to invest in the
cryptocurrency ‘ethers’ on a project of interest. A hacker
identified a problem with the blockchain and forked the system
to divert over US$ 60 million out of the total US$150 million
raised by the DAO seed funding project. To resolve the issue, the
Ethereum developers had to personally intervene and hard fork
the system, meaning ‘break down the whole system, and not just
the DAO’ (Tyagi, 2018). It emerges that architecture-wise, this
problem is more endemic to a public blockchain. However, even
for a private blockchain, albeit in a different manner, this attack
remains a possibility. In other words, the user interface is the
point where one may encounter the most troubles in the
blockchain ecosystem. Consider for example, when a majority
of validators enter into a collusive agreement and decide to attack
the network. Such a collusion-driven alteration may be easily
undertaken in a private blockchain where the participants know
each other, and may easily connive with one another. Theore-
tically, though Vitalik Buterin proposes a ‘99% attack solution’ to
this problem, but its implementation remains to be seen in
practice (Ganne, 2018).

Scalability of the blockchain technology presents another area
of concern. This may be a bigger area of concern for
permissionless blockchains, as distinct from permissioned
consortium-based blockchains, where access is available only
upon permission. To illustrate with an example, theoretically,
Bitcoin may conduct up to 4000 transactions per second; however,
in practice, a Bitcoin network, on average, processes only seven
transactions per second (Ganne, 2018). Private sector solutions,
such as IBM’s permissioned Hyperledger fabric have been able to
overcome this limitation, which can process up to 3500
transactions per second for certain pre-determined standardized
tasks (Ganne, 2018). However, the issue nonetheless requires
attention and investment, particularly in the case of government-
led blockchains. This is well-illustrated by the post-pilot
participant survey in the NAFTA/CAFTA and Blockchain POC,
discussed in section “NAFTA/CAFTA and blockchain POC” infra.

To ensure widespread adoption, interoperability of the
blockchain is a must-have feature. Alternatively, in the medium
to long run, on account of the network effects, the market may tip
to one or two dominant blockchain architectures. This will then
bring its own set of problems as the current multi-sided platforms
present to the competition law authorities worldwide. Currently,
the blockchain architecture is scattered and different blockchain-
based solutions are being developed worldwide. These market
participants may be categorized into infrastructure providers
(such as IBM, Microsoft, and Bluzelle), application providers
(such as Ripple and Factom), and service providers (such as
Infosys and Accenture) (Blockchain Vendors, 2019). While some
of the solutions may currently allow communication with an
external vendor—such as Microsoft’s Azure blockchain currently
allows access to blockchain platforms such as Hyperledger Fabric,
Ethereum, and Cord—this interoperability, however, remains
limited and different blockchains continue to evolve indepen-
dently in ‘digital islands’ (Blockchain Vendors, 2019). Interoper-
ability and standardization are notable limitations of the current
stage of development of the blockchain technology that merits
attention of policymakers. For a successful and widespread
deployment of the technology, these infrastructure bottlenecks
merit timely consideration and intervention.

Section “International Trade, Food Value Chains, and the
Blockchain technology” brings together sections “Global Food
supply chain: From supply chain to a value chain-driven
approach” and “Blockchain technology and its relevance for the
Agro-food value chain”, and offers insight on how blockchain
may add value to the global food value chains.
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International trade, food value chains, and the blockchain
technology
There are three principle problems that confront Agro-food
GVCs—first, the cost of manually documenting transactions
across the food value chain, which may cost up to 7% of the entire
value of traded goods; second and somewhat related is the lack of
transparency and the third issue is the limited traceability of
products (Tripoli and Schmidhuber, 2019). Traceability of pro-
ducts is required for rapid and efficient response to ‘food con-
tamination, drug or pesticide residues, or even attempted
bioterrorism’ (Kamath, 2018). It is worthwhile to explore whether
the current international trade rules permit the deployment of
blockchain technology and whether it may indeed be of help to
‘track and trace’ the movement of food inputs as they travel from
the ‘farm-to-fork’.

Principle 11 of the 1992 Rio Declaration on Environment and
Development recognizes that environmental standards must be in
proportion to a country’s level of development. In other words,
while certain standards though costly, are nonetheless possible for
a developed country and a big multinational to implement and
emerge as a source of competitive advantage, may represent a
disproportionate cost of doing business for the developing and
under-developed nations, and the start-up enterprises (WTO,
2010). The sanitary and phytosanitary measures (SPS) and the
technical barriers to trade (TBT) Agreements offer room for
flexibility to implement measures that are pro-environment and
do not disproportionately impact international trade. Market
access is a balancing exercise that calls for balancing the four key
issues, namely—consistency with the WTO rules (1), inclusivity
(2), taking due account of different levels of development (3), and
respect for the legitimate concerns of the importer (4) (WTO,
2010). These are desirable objectives. However, the rising use of
eco-labels, though possible within the framework of the foregoing
agreements, makes them somewhat difficult to balance against
market access-related concerns. This is on account of the chal-
lenges relating to their implementation. To illustrate, a reference
to the eco-labelling criteria for the process and production
methods (PPMs) may be helpful. PPMs may be product-related
or non-product related. Non-product-related PPMs or unin-
corporated PPMs refer to the PPMs that do not leave a trace in
the end product, even though they may have a damaging impact
on the environment (WTO, 2010). Consider, for example, fruits
grown using fertilizers and pesticides. Even though the fruit may
not carry any traces of pesticide, it may nonetheless, leave traces
of the chemical in the local soil. The criteria to asses this have
oftentimes been challenged as discriminatory. Moreover, setting
higher quality and environmental standards is not without its
challenges. In the Colombia Flower Growing Industry case,
Columbia expressed displeasure with the eco-labelling require-
ments, which the Complaint identified as a non-tariff barrier to
trade and a protectionist measure, rather than seeing it as a
genuine attempt to safeguard the environment (Columbia/WTO,
1999). The problem was aggravated as private players engaged in
setting up eco-labels that led to issues of accountability, and
enforcement of domestic Columbian environmental laws by
private players. The question that emerges is whether these
conflicts can be amicably resolved through a neutral imple-
mentor? For instance, can a technological innovation, namely
blockchain technology somehow level out this uneven playing
field between countries, whereby green and sustainable standards
may be effectively implemented without working to the dis-
advantage of certain stakeholders in the Agro-food GVC?

As our discussion illustrates, blockchain can effectively help
monitor the Agro-foods from the farm to the fork. This possi-
bility to track and trace means that following the use of the
blockchain technology, even these unincorporated PPMs—such

as the traces in the local soil—can be reasonably taken into
account. In this respect, the use of blockchain technology may not
only help optimize documentation costs and enhance account-
ability, but it can also, in the process facilitate global trade by
ensuring ‘compliance with the WTO SPS agreement’ and help
correctly implement the ‘rules of origin to ensure that appropriate
tariff is applied [to the goods and ensure that] the enforcement of
Intellectual Property Rights, including, Geographical Indications
under the WTO TRIPS agreement’ work effectively (Tripoli and
Schmidhuber, 2019). In this respect, blockchain can be an enabler
of international trade by facilitating the automated implementa-
tion of trade rules along the global Agro-food value chain.

Establishing the linkage between SDGs, trade, and blockchain
technology along the Agro-food GVCs, the following principal
areas of blockchain application merit attention. First, easing
restrictions on the availability of finance; second, smoother cus-
toms procedure and third, tracking and tracing the ‘provenance
(origin) of goods’ (McDaniel and Norberg, 2019). Empirical
evidence establishes that physical proximity leads to more trade
(McDaniel and Norberg, 2019). In other words, the closer the two
countries are to each other, the more they tend to trade with one
another. This can, in part, be contributed to trust in trade. As
countries are located close to or next to each other, and in light of
the ‘one up, one down’ approach (OUOD), where suppliers know
one above and the one below them in the value chain, tracking
and tracing becomes easier. Blockchain, by ensuring that the
entire transaction is available and accessible to everyone, irre-
spective of the geographic location or the position of the user in
the value chain, enhances trust in the system. Viewed from this
perspective, it can be an enabling tool for disintermediation.
Blockchain, with detailed information on the ‘nature, quality,
quantity, location and ownership’ about the product, can help
customers follow the entire value chain (Saberi et al., 2018). This
can significantly enhance consumer trust in the product.

Second important application of blockchain is in trade finance.
Availability of finance can be a crucial barrier to entry for start-ups
and small and medium enterprises (SMEs) in the trade value chain.
Finance is the oil that lubricates and runs the engine of market
entry, growth, and trade. As per statistics by the World Trade
Organization, over 80% of world trade depends on trade finance
and credit insurance. In a long-drawn process of trade finance, that
includes up to eight major steps to obtain a letter of credit, small
and medium-sized enterprises (SMEs), both from the developed
and developing world-alike, face major legal, financial, and reg-
ulatory bottlenecks. Markets, whether local or global, depend on
trust, where the big and the more established incumbents enjoy an
evident reputational advantage. Whereas SMEs are, on average,
rejected over 50% of the time for credit, well-established MNCs
face a mere 7% rejection rate (McDaniel and Norberg, 2019).

The next major bottleneck in international trade occurs at the
customs stage. Even though key trade agreements—such as the
regional as well as the bilateral trade agreements and even the
WTO’s Trade Facilitation Agreement (TFA) call for the removal
of barriers at borders to smoothen global trade, various bottle-
necks remain (McDaniel and Norberg, 2019). This is on account
of the substantial paperwork involved in the entire process of
trade. Overtime, this paperwork has become so immense that
oftentimes, it not only takes more time than the actual physical
trade in goods, but it also forms a substantial component of the
overall cost of cross-border trade. Three case studies (case studies
“Barclays’ Blockchain for trade finance”, “TradeLens Platform:
Maersk/IBM Blockchain for Custom’s Compliance”, and “Flow-
ing flowers from Kenya to the Netherlands” infra) illustrate how
blockchain help may resolve this bottleneck.

In addition to addressing delays and bottlenecks in trade doc-
umentation, blockchain can also help resolve forgery and corruption,
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two issues that remain a major challenge to global supply chains.
Calculating the cost of corruption, and its impact on exporters, a
2020World Bank report found that the absence of accountability and
the presence of high tariffs and complex regulations are a fertile
breeding ground for inefficiencies in the trade value chain and
exploitation of the less-informed exporter by customs officials (Bajpai
and Meyers, 2020). Complexity of procedures and discretionary
behaviour by officials contribute to and enhance this corrupt beha-
viour. This issue can be effectively addressed and streamlined
through the minimization of paperwork. Documentation is often-
times duplicated, as many documents repeatedly require repre-
sentation at each checkpoint in the value chain. Availability of these
documents in a digital ledger that is time-stamped and approved by
the other nodes in the blockchain can ensure that the ‘farm-to-fork’
documents can be instantaneously digitally accessed by all the par-
ticipants in the value chain. The Revised Kyoto Protocol too explicitly
identifies the need for enhanced use of ‘information technology and
electronic commerce to the greatest possible extent’ to facilitate trade
and harmonize Customs procedures and practices (Shope, 2022).
Similar to the Protocol, WTO’s Trade Facilitation Agreement (TFA)
and regional trade and framework agreements, such as the Frame-
work Agreement on Facilitation of Cross-border Paperless Trade in
Asia and Pacific call for enhanced use of electronic communications
and ICT infrastructure while communicating with the customs and
other regulatory authorities (Shope, 2022). The TFA was adopted at
the Ninth Ministerial Conference in Bali in December 2013 and
entered force in February 2017 (Ganne, 2018). Paperwork currently
substantially contributes to the cost of a trade. Multiplicity of actors
in the trade value chain calls for duplication of paperwork, with the
same set of papers replicated at multiple levels to receive authoriza-
tion from different authorities across the value chain. Simplification
and automation of the procedure, such as with the use of the
blockchain technology, in this respect, can be a key enabler of trade.
This is, for instance, well-illustrated by the case study, “TradeLens
platform: Maersk/IBM blockchain for custom’s compliance” infra
discussing Maersk/IBM’s blockchain-based TradeLens Platform.
TradeLens platform is, however, a private permissioned ledger,
accessible to only a handful of players, who are a part of the network.
It must be added here that the use of the blockchain in international
trade, in other words, the scaling up of the technology, calls for
substantial investments in the digitization of customs procedures and
logistics. This is well-illustrated by the case studies that follow, most
notably the case study, “Flowing flowers from Kenya to the Neth-
erlands” infra on Kenya/Dutch flower trade. The following section,
accordingly, offers six case studies, whereby blockchain has been
successfully deployed at some level(s) in the global Agro-food
value chain.

Case studies
Leveraging on inter-disciplinarity and using a case study-based
approach, this section illustrates six successful use cases and pilot
projects, wherein blockchain has been effectively employed in a
permissioned consortium. Illustrated cases include deployment
by the private sector—such as the Walmart case study to track
food items from the ‘farm to the table’ (section “Walmart uses
blockchain to enhance tracking and traceability”); Barclays’ use of
the technology to accelerate the financing of a trade deal (section
“Barclays’ blockchain for trade finance”); Axio Zen’s use of the
blockchain technology to promote marine conservation (case
study “Axio Zen deploys blockchain to raise awareness about
marine conservation”) and the TradeLens Platform in Agro-Food
GVC (case study “TradeLens platform: Maersk/IBM blockchain
for custom’s compliance”). Case studies “Flowing flowers from
Kenya to the Netherlands” and “NAFTA/CAFTA and blockchain
POC”, respectively, refer to the use of technology by the Dutch

and Kenyan customs authorities for importing flowers from
Kenya to the Netherlands (case study “Flowing flowers from
Kenya to the Netherlands”) and a successful small-scale proof of
concept for blockchain deployment in the NAFTA/CAFTA trade
agreement by the US customs office (case study “NAFTA/CAFTA
and Blockchain POC”).

Walmart uses blockchain to enhance tracking and traceability.
To facilitate ‘complete end-to-end traceability’, world’s leading
retailer Walmart recently deployed blockchain technology for two of
its key pilot projects. Walmart, in collaboration with IBM, world’s
leading ICT products manufacturer, launched the Food Safety Col-
laboration Center. The Center developed and implemented two
Hyperledger Fabric-based blockchain pilot projects: first, to certify
‘pork safety’ across the entire supply chain and second, to track and
trace the movement of ‘sliced mangoes from South and Central
America to North America’ (Kamath, 2018). Each block in the chain
contained time-stamped information on ‘farm origination, batch
numbers, processing data, soil quality, and fertilizers, and even sto-
rage temperature and shipping details’ for sliced mangoes and the
conditions of breeding for pork. This information could then be
uploaded on an e-certificate that was unique to each packaged pro-
duct. The product carried a QR code that the interested user could
then scan and look at for accessing all the detailed information on an
app. Each product carried with it a ‘proof of record, from the pre-
seedling stage [or the breeding stage, as the case may be] to the
consumer’s table at home’. In a simulated recall experiment, Walmart
tried to assess that on average how long it may take to trace the origin
of a time-stamped Blockchain product and bring it back from the
table to the warehouse. Walmart found that whereas the tracing time
for an average product lot was ‘6 days, 18 h, and 26min’ under the
standard track and trace procedure, the sliced mangoes and pork that
were tracked and traced along the blockchain could be identified with
precision in a ‘mere 2.2 seconds’ (McDaniel and Norberg, 2019).

Axio Zen deploys blockchain to raise awareness about marine
conservation. Interestingly, blockchain is also being used to raise
awareness about and generate resource mobilization for marine
conservation. As an example, Axiom Zen, a Vancouver-based
start-up, venture capital firm, and incubator, in association with
non-governmental organizations working on marine conserva-
tion, developed a ‘blockchain-based collectible digital asset’,
Honu. Honu is a Crypto Kitty, a non-fungible asset (NFT) that
faintly resembles a sea turtle (Howson, 2020). The company
chose to design Crypto Kitty like a sea turtle, as the latter are
endangered (four out of seven species) and critically endangered
(three out of seven) species (World Wild Life, 2023). ‘Honu’
raised about $25,000 in an e-auction. The proceeds of the auction
were donated to the Sea Shepherd Conservation Society in
Antigua and Barbuda and Unite BVI (Howson, 2020).

Barclays’ Blockchain for trade finance. According to estimates
by Barclays, a UK-based global financial services provider, an
average trade deal may take up to 10 days from start to com-
pletion. In 2017, Barclays facilitated a complete blockchain-based
trade finance deal for $100,000 (McDaniel and Norberg, 2019). In
the said transaction, Ireland-based cooperative Ornua, formerly
Irish Dairy Board, exported agricultural goods to the Seychelles
Trading Company. The finance deal was simultaneously con-
ducted on a permissioned blockchain ledger and was completed
in just four hours, as distinct from an average 10 days (240 h).
This blockchain was complemented by a physical delivery pro-
cess, whereby the SWIFT, the Society for Worldwide Interbank
Financial Telecommunication System issued the letter of credit,
and the funds were released through traditional channels (Ganne,
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2018). In that respect, this was not a perfect digital and smart
contract executed solution. Only select financial touch points of
the value chain were partially run on the blockchain for this pilot
project.

TradeLens platform: Maersk/IBM Blockchain for custom’s
compliance. In 2014, the Danish shipping company, Maersk
tracked the movement of avocados and cut flowers from Africa to
Europe. Maersk’s findings were a revelation to understand the
amount of paperwork that goes in to ensure compliance with the
customs procedure. Maersk found that an average container
involved some 200+ communications with over 30+ approving
authorities for ‘customs-, tax-, and health-related matters’
(McDaniel and Norberg, 2019). What was even more surprising
and dismissive of the entire situation was that the documentation
costs sometimes far exceeded the actual cost of the physical
shipment of goods. The entire process ‘from the farm to the
retailers’ may take upto 34 days, including 10 days waiting period
due to the long and complex procedure used for processing the
papers (Ganne, 2018).

Based on their study of the global value chains, Maersk and
IBM subsequently developed the ‘TradeLens platform’—which is
an ‘open and neutral industry blockchain-based platform’ to
facilitate tracking along the global supply chain (Maersk, 2021).
The platform is currently actively used by Highland Foods and
Maersk to track and trace their products such as meat and
processed foods, sourced from over 16 countries worldwide.
Currently used to ‘receive real-time update on the shipment
through auto data synchronization for effective inventory
management’, the Highland/Maersk project managers are, as a
next step, planning to scale the project for expediting shipping
with quicker customs approval through ‘custom point-to-point
setup’ (Maersk, 2021).

Flowing flowers from Kenya to the Netherlands. Trade in
flowers is a complex process, that is subject to various regulatory
requirements and inspections. In the Netherlands, three notable
checkpoints include: first, a safety and security risk assessment by
Customs as the product enters the EU; second, phytosanitary risk
assessment by the Netherlands Food and Consumer Product Safety
Authority (NVWA) and third, customs clearance for fiscal charges
and import duties (Grainger et al., 2018). To optimize the process
and remove inefficiencies in the procedure, CORE, an EU-funded
project designed an early smart contract, blockchain-like solution.
The process developed on the electronic data pipeline (EDP) prin-
ciples conceived two key components of the value chain in order to
minimize bottlenecks and expedite the transfer of cut flowers quickly
to the importer. The team designed a ‘To-be’ scenario (from the
earlier ‘As-is’ scenario), which ensured that the Dutch customs could
expedite the clearance process, and ensure that most of the
administrative work took place prior to landing, rather than after the
consignment had arrived. Two notable improvements were made via
the newly added smart contracts—first, the Kenyan authorities were
offered the possibility to transfer a digital phytosanitary certificate,
containing complementary information as offered in the customs
declaration directly to the NVWA. Second, the Customs officials
were also offered access to this electronic platform to look at the
digital records (such as the description of goods and invoices) prior
to the actual landing of the goods. This simplified, smart contract-
like solution offered the Dutch Customs and the phytosanitary
officials the possibility to assess the quality, and the need for a
possible inspection of the goods, prior to their actual landing
(Grainger et al., 2018). The process generated substantial efficiencies
in the value chain. Earlier the goods had to wait for days on end to
get the necessary customs and phytosanitary clearances. Following

this newly implemented solution, in over 95% of the cases, goods
could, henceforth, be transported to the importer in the Netherlands
as soon as they left the Kenyan airport.

NAFTA/CAFTA and blockchain POC. From 11 September to 2
October 2018, about 30 participants, including both—private as well
as government entities came together to participate in the North
American Free Trade Agreement/ Central American Free Trade
Agreement (NAFTA/CAFTA) blockchain proof of concept (POC)
(US Customs and Border Control: Business Innovation and
Transformation Division, 2020). This was a public–private
consortium-based joint project led by the US Customs and Border
Protection (CBP) and the Department of Homeland Security (DHS).
The pilot project was run to enter the information required for CBP
Forms 28 and 29 via the blockchain. These forms are required by the
US Customs office, and the information is duplicated many times
during the clearance procedure. A POC may be defined as a pilot
run of a larger blockchain project on a much smaller scale to assess
the feasibility of the concept. The pilot project ran smoothly for over
a month, with a 100% rate of satisfaction (US Customs and Border
Control: Business Innovation and Transformation Division, 2020).
Notable benefits included standardization of the process for filers,
the possibility to digitally submit certificates of origin, the elimina-
tion of the paperwork, and the resulting swiftness of the filing
process (US Customs and Border Control: Business Innovation and
Transformation Division, 2020).

It is important to add though that this was just a POC,
meaning that the scale of the project was much smaller. Post-
POC survey also indicated the need for additional investment to
enhance the scalability of the project, which the more general
discussion in the section “Global food supply chain: from supply
chain to a value chain-driven approach” supra also indicates,
remains a major issue with the blockchain technology. An
interesting finding of the survey was how the newness of the
blockchain technology may ‘prove to be an obstacle when
pitching the technology to potential new users’ (US Customs and
Border Control: Business Innovation and Transformation
Division, 2020).

Summary and key findings from the case studies. Sub-sections
“Walmart uses blockchain to enhance tracking and traceability”,
“Axio Zen deploys blockchain to raise awareness about marine
conservation”, “Barclays’ Blockchain for trade finance”, “Trade-
Lens Platform: Maersk/IBM Blockchain for Custom’s Com-
pliance”, “Flowing flowers from Kenya to the Netherlands ” to
“NAFTA/CAFTA and Blockchain POC” offer insight into the six
successful pilot blockchain projects successfully managed at var-
ious levels across the Agro-food GVC. The findings can be
summarized in the form of a flowchart (see Fig. 1: From the farm-
to-the fork in an Agro-food Global Value Chain). The size of the
players indicates the level of concentration in the sector. The
cloud representing the Consumers (A5) is the smallest, as they are
large in number, and are geographically dispersed.

Conclusion and road ahead
For sustainability to be durable and long-lasting, sustainable thinking
must permeate through the entire Agro-Food GVC. In the case of
food production, and with our focus on Sustainable Development
Goal No. 2 which is ‘zero hunger’, this requires accountability and
transparency across the value chain through the implementation of
green environmental standards and a resilient digital infrastructure
across the Agro-food GVC. As per estimates by the World Eco-
nomic Forum (WEF), the reduction of supply chain-related barriers
can raise the global GDP by 5%, and international trade by over 15%
(McDaniel and Norberg, 2019). This positive effect is up to 15 times
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bigger when compared with the effect of eliminating tariff-related
barriers to trade. Trade-related environmental measures and agree-
ments richly borrow from two legal worlds, namely, international
environmental law and international trade law (Lockhart et al.,
2022). Implementation of these measures though highly desirable,
may also lead to higher non-tariff barriers to trade. This article
suggests and offers a road map for the introduction of speed and
efficiency, and minimization of non-tariff barriers across the Agro-
Food GVCs by leveraging the benefits of blockchain technology to
facilitate the SDGs, trade, and competition.

According to paras 7 and 12 of the Rio Declaration, ‘trans-
boundary environmental problems’ should be resolved through

international cooperation, multilateral approach, and inclusive
participation of the different member countries. The vision of
SDG 12—notably the sub-sections that encourage scientific,
technology, and knowledge transfer amongst countries (SDG
12.a)—has a critical role to play in this regard. In alignment with
this approach, this article identifies the potential of blockchain
technology to develop agile and sustainable Agro-food GVCs—
where finance and customs do not hold up the suppliers, and the
possibility to track and trace goods—nourishes consumer trust in
the food, that they cherish.

As this article elucidates, a blockchain-based Agro-food GVC
promises to not only enhance trust in trade by augmenting the

Fig. 1 From the farm-to-the fork in an Agro-food global value chain. To follow the above figure, please follow the following reference to the terms. Farm
(A1): A number of farmers, with very small to large farms (depending on the geographic location) that produce raw inputs, such as wheat, maize,
sugarcane etc.: Irrespective of the farm size, this market is generally very competitive, with a large number of players. In this paper, addressed in Case
Study Walmart (“Walmart uses blockchain to enhance tracking and traceability”). Procurement by middle-man/directly by food and beverage
manufacturers (A2): Generally, a large number of players are active at this level in the value chain. These markets are either oligopolistic/or exhibit
conditions of monopsony: These players take the raw inputs from the farms, and convert them into edible output. In this paper: addressed in Case Study
Barclay (“Barclays’ Blockchain for trade finance”). Retailers (A3): Generally oligopolistic with small and niche mom-and pop-stores [local markets]. In this
paper, addressed in Case Study Walmart (“Walmart uses blockchain to enhance tracking and traceability”). Exporters or large multinational companies,
with local regional offices worldwide (A4): Generally oligopolistic. In this paper, addressed in Case Study Barclay (7.3); TradeLens Platform (“TradeLens
platform: Maersk/IBM blockchain for custom’s compliance”); Flowers from Kenya (“Flowing flowers from Kenya to the Netherlands”). Consumer/
Customer (A5): This market is generally very competitive, with a large number of players. In this paper, addressed in Case Study Walmart (“Walmart uses
blockchain to enhance tracking and traceability”). Support functions (miscellaneous) (B): This includes support, and other incidental functions, such as
finance and raising awareness. These may be support functions, but oftentimes far exceed the cost of production, and thereby, constitute a significant cost
of doing business, especially in the case of global trade. Due to the services-based nature of these functions, they may also be the easiest to digitize and get
on the blockchain. In this paper, addressed in Case Study Axio Zen (“Axio Zen deploys blockchain to raise awareness about marine conservation”)—to
raise awareness; Barclay (“Barclays’ blockchain for trade finance”)—for trade finance; TradeLens Platform (“TradeLens platform: Maersk/IBM blockchain for
custom’s compliance”); Flowers from Kenya (“Flowing flowers from Kenya to the Netherlands”), and NAFTA/CAFTA (“NAFTA/CAFTA and Blockchain POC”).
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tracking and traceability of food products across the entire value
chain, but it will serendipitously also address a key concern of
competition authorities worldwide, namely the issue of ever-
rising concentration in Agro-food GVCs.

Section “Case studies” concludes with a flow chart that
underscores which aspects of the Agro-food GVC are addressed
by which case study. This is expected to serve as a ready reference
guide to the management and the policymakers alike to assess the
feasibility of blockchain implementation across Agro-food GVCs.

This article, in addition, also identifies the following three areas
that merit urgent attention of the policymakers and that can be a
fertile ground for further inter-disciplinary research.

First, as the discussion on the limitations of the blockchain
technology in section "Limitations of the blockchain technology"
supra indicate, interoperability, standardization and scalability of the
blockchain technology require deliberation by both the public as well
as the private sector. Absent a proper legal and technical framework
for these three issues, it is apprehended that blockchain may be
‘confined to proofs of concept and pilot projects’ (Ganne, 2018).
Connecting this to the story of M-PESA, which dates back to early
2000, when following a call to the multinationals to develop solu-
tions for quick attainment of the Millennium Development Goals
(MDGs), the predecessor to the SDGs, executives at Vodafone came
up with an innovative idea to enhance access to finance. The
underlying idea was that enhanced access to finance would boost
entrepreneurship and wealth generation through economic activity,
job creation, and trade (Hughes and Lonie, 2007). In early 2003,
following the World Summit for Sustainable Development 2003 in
Geneva, the UK Government’s Department for International
Development’s (DFID) newly established Financial Deepening
Challenge Fund (FDFC) and Vodafone together invested about £2
million to run a pilot M-PESA project in Kenya (Hughes and Lonie,
2007). The success of M-PESA to achieve the MDGs (or the SDGs)
is well-known to all. Like M-PESA, blockchain holds a promise to a
social problem, that is the possibility to track and trace from the
farm to the fork. Likewise, above-referred problems confronting
blockchain technology can be suitably addressed through well-
planned public–private partnership. It may be very insightful to
further study the issue of ‘interoperability, standardization and
scalability’ both from a technical perspective, as well as how pol-
icymakers (notably innovation and trade policy) can create an
enabling framework to augment interoperability, promote standar-
dization as well as scale up the current pilot blockchain projects.

Second, the NAFTA/CAFTA case study and the follow-on
post-POC survey there in (section "NAFTA/CAFTA and Block-
chain POC") indicate the need for creating awareness of and
knowledge about the technology. This means that only the
automation of the process and the adoption of an agile blockchain
will not suffice. Programmes, such as short training courses by
trained academic staff at universities, in collaboration with the
public authorities and non-governmental groups, for start-ups
and SMEs may go a long way in creating an open mind-set and
encourage quick adoption of the technology. From a more
practical perspective, it may be insightful to further study and
develop such programmes.

Third, it may be useful to further develop the qualitative
findings of the present study, and use them in a real-world ‘farm-
to-fork’ project. This scaled-up project should not be limited to
certain aspects of the value chain, such as tracking and tracing, or
mere financing of the transaction. It should attempt to assess in a
simulated, pilot set-up, the feasibility of blockchain imple-
mentation across the entire Agro-food value chain.

Way back in the 1990s, Lessing presented a vision of ‘code as an
efficient means of regulation’ (Lessig, 1996). A blockchain-based
smart code presents the possibility to present law and regulations
‘into code and housed on the blockchain’ (Shope, 2022). This paper

offers the potential of the blockchain technology to expedite trade by
smoothening the rough edges of the Agro-food GVCs. An important
next step is to make blockchain-based smart contracts smarter with
data inputs from different Internet of things (IoT) points. This is
important, as the discussion in this article illustrates that blockchain
can only ensure that the data on the blockchain is not tempered
with. The reader may recall from the above discussion that the
solution in itself cannot promise is whether the data first entered on
the blocks is correct or not. Currently, data on the blocks are entered
by human declarant(s) (Shope, 2022). This is where the Artificial
Intelligence (AI) and IoT data points becomes important. Escorcia
et al. deploy the ‘weighted voting ensemble deep learning (ISNpHC-
WVE) technique’ to enhance farm productivity and more effective
input, namely fertilizer, management (Escorcia-Gutierrez et al.,
2022). Even though their research offered insights for precision-
based farming, it has related significant implications for developing
AI-driven and IoT data point inputs on the blockchain. This, in
turn, can also, potentially address the eco-labelling-related issues as
referred to in the section, “International Trade, food value chains,
and the blockchain technology” supra. However, as the discussion of
AI leads to another set of complex technical, managerial, and related
legal rules (such as privacy, data protection, and ownership), further
research in this field can take this discussion a block further and
articulate how an AI, IoT and Blockchain-driven ecosystem can
transition our Agro-food landscape, that is befitting to leverage on
the technological marvels of Industry 4.0.
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