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Abstract

Digital technologies have a high potential to enable further development of the
agricultural sector, significantly reshape food value chains (FVCs), and greatly
contribute towards more productive, resilient and transparent food systems. This paper
provides a non-technical overview of digital technologies that have a high potential
to revolutionize the agriculture and food industry, and contribute towards inclusion
of small farmers into FVCs. The particular focus is on digital platforms providing
e-commerce services and distributed ledger technologies (DLTs), such as blockchain, as they
mutually enable more efficient and more inclusive local and global agricultural markets by
tackling their contribution to reducing information asymmetries, transaction costs, and providing
financial inclusion of actors along FVCs. Various examples indicate that digital technologies
represent great potential benefits for small farmers including increased efficiency of production,
direct access to market, inclusion in global value chains (GVCs), and access to finance and
insurance services. The further potential of digital technologies, especially blockchain, could
change existing linear food value chain models by providing more transparency and trust
between the supply chain actors. Finally, by using digital technologies, governments can provide
more efficient public services. Overall, the real impact of digital technologies on the agriculture
and food industry will be more evident in the years to come when they become widely accepted
by all involved actors, and their usage reaches a critical scale. The role of governments will
be significant in enabling adequate environments for innovations and further technological
development.
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1 Introduction

The emergence of industry 4.0! has set the basis for a broad spectrum of digital technologies?.
The tremendous development of wireless communication and networking has enabled the
emergence of“low”-tech mobile applications and digital platforms that provide users with access
to valuable information. On the other side, the “high”-tech integrated management systems
supported by the Internet of things (loT), “big data” analytics, distributed ledger technology
(DLT), and artificial intelligence (Al) provide overall connectivity between “smart” devices and
humans, transforming how products are designed, produced and consumed. Whether low-
or high-tech, implemented by users or by external service providers, the main incentive for
adopting digital technologies lies in the expectations of users to find solutions to existing or
emerging challenges (Jouanjean, 2019).

There are many constraints for small farmers® to get engaged in the formal economy. Most of
them lack market information and do not produce enough (in volume) to incentivize actors
along the food value chain (FVC)* to get into a formal trade relationship with them. High market
entry costs, followed by high transaction costs and exclusion from financial services — such as
the ability to open a bank account or obtain credit — creates additional constraints. Furthermore,
traditional FVCs consist of several intermediaries that are engaged in business activities between
farmers and consumers. In this business environment, farmers receive only a small proportion
of the final product price, while at the same time consumers do not have any connection with
farmers as final products are mainly labelled by processing companies or retail chains. Thus,
transparency along FVCs is becoming one of the most essential factors for gaining the trust of
consumers (Tripoli and Schmidhuber, 2018).

Agricultural and food trade faces significant challenges as well. Changes to domestic
and international trade policies, characterized by significant decreases in tariffs, has
supported a tremendous increase in trade flows and a number of new actors involved
in global agricultural trade. These changes have brought about two significant trends:
1) increased trade for emerging and developing countries; and 2) a rapid development of Global
Value Chains (GVCs)® (Greenville et al., 2019). Nevertheless, the process of global market
integration, enabled by reduced tariffs and transport costs, has also resulted in higher transaction
costs, as many actors of the GVCs have to deal with more distant partners that operate under
different legislations and rules (World Bank, 2019a; Goldfarb and Tucker, 2019). Thus, finding
a reliable trading partner has become a significant cost burden. With better information flows,
that avoid information asymmetries, actors involved in agricultural trade would be able to
reduce transaction costs and thus engage in more efficient contractual agreements with other
GVC actors — contractual relationships that are opposite to horizontal or vertical integration
(North, 1990).

1 The term industry 4.0 refers to the fourth industrial revolution characterized by rapid transformation of business operations and products enabled by digital technologies and the Intemnet
(European Parliament, 2015).

2 In this paper, digital technologies refer to the devices, systems, electronic tools and software that are able to generate, store or process data.

$ There are many definitions of small farmers in the literature. The definition of small farmers in this paper refers to those with less than 2 hectares of cropland (for different definitions,
see FAO, 2017).

* Food Value Chain (FVC) consists of all the stakeholders who participate in the coordinated production and value adding activities that are needed to make food products (Source FAO:
http://www.fao.org/sustainable-food-value-chains/what-sit/en/). In this paper, term FVC refers to both domestic and global food value chains, DVCs and GVCs, respectively.

5 If any stage of the FVC takes place out of the national border — in other country or many countries — the term Glabal Value Chain (GVC) is used.
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2 Digital technologies and Food Value Chains

_-This section provides a non-technical overview of selected digital tools and digital frontier
technologies that have a high potential to revolutionize the agriculture and food industry. Hence,
the main focus is on digital platforms that provide e-commerce services, that is, a digital tool that
could facilitate mix of different digital technologies; distributed ledger technologies (DLTSs) (for
example, blockchain) that have the potential of providing high-level transparency, data security,
and trust among FVC members; artificial intelligence (Al) used for improving FVC efficiency by
reducingmarketuncertaintiesthroughpredictiveanalytics;andadditivemanufacturingtechnology
(3D printing) to indicate a possible direction of FVC transformation in the future
(see Figure 1). Most of these selected technologies are currently in their infancy phase of
both development and adoption. It will probably take several years or decades until they
show their full potential and become widely adopted by agri-food industry stakeholders
and FVC actors. Furthermore, to unlock their full potential, most of these technologies
are usually combined into one digital product or service that is usually provided to
end-users via digital platforms.

Figure 1 Selected digital technologies in the agri-food industry
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Digital technology and agricultural markets

2.1  Digital platforms

Supported by significant technological development and the spread of national mobile Internet
networks, digital platforms’ offer easy to use e-commerce services. Having access to a platform
provides farmers, regardless of size, the opportunity to have a direct link with buyers of their
products. Thus, access to markets is one of the first obstacles, especially for small farmers, that
could potentially be eliminated with the emergence of e-commerce digital platforms (hereafter
digital platforms). Nevertheless, there are additional core problems common to all markets: 1)
How to deal with varying quality levels of the same products delivered by numerous farmers
(quality standards); 2) How to overcome the issue of extremely high costs for small shipments;
and 3) How to physically deliver fresh products on time. These are also core obstacles for farmers
when it comes to becoming engaged in both domestic and global value chains. Together with
intensive technological developments, some types of digital platforms are able to tackle the
complex issue of logistics by manually controlling the quality of delivered products and providing
a guarantee for buyers that products satisfy specific quality standards (Joiner and Okeleke,
2019). Nevertheless, in many developing countries, digital platforms are not taking on this
responsibility — and thus farmers have more incentives to continue trading with intermediaries
that are more flexible on quality issues (Kumar, 2014). Furthermore, the issue of small and
costly individual shipments has been resolved by aggregating them into large batches, taking
advantage of economies of scale. Some of the digital platforms provide physical logistics hubs
and warehousing services that are usually located near consumers, thus reducing shipment costs
and delivery times (see Box 1). These digital platforms usually have a business model that is: 1)
capital intensive, and 2) considered the highest level of FVC integration and control (Joiner and
Okeleke, 2019). This business model has a high level of financial risk, as the platform provider
has to be sure that their storage capacities will be efficiently utilized and that farmers will fulfil
their obligations to provide sufficient products that are ordered by buyers. In order to reduce the
supply risk, some platforms create legal obligations through contracts with farmers detailing
minimum quantities to be purchased by the platform during one season.

7 The definition of a digital platform in this paper refers to the definition provided by the OECD: “... an online platform is a digital service that facilitates interactions between two or more
distinct but independent sets of users (whether firms or individuals) who interact through the service via the Internet” OECD (20194, p. 21).
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Digital technology and agricultural markets

On the other hand, if a well-established platform suddenly disappears from the market, it will
cause high transition costs for farmers in finding another platform and buyers, especially if a
particular digital platform was dominant in the market and most of the local farmers became
dependent on that platform. By having market power, providers of the digital platform might
cause a new*“information asymmetry”, which could lead to reduced transparency and a lowering
of farmers’incomes.

Anothercriticalissueisdatahandling: Datacollected fromfarmersindeedrepresentscriticalenabler
ofdigitalplatforms.Toimprovetheirservice,ortocreatenewones,digital platformshavetorelyondata
received from their users. Transparency in data handling by platforms becomes an important trust-
building mechanism between platforms (service providers) and users (producers and consumers).
Strict regulations of data-handling procedures and privacy concerns are becoming an obstacle for
scaling-up digital platforms in some developed countries, while, on the other
hand, it might not be a problem in some developing countries with loose data-
handling regulations (Rossotto et al., 2018). Beyond data directly provided by farmers,
many digital platforms are collecting a large amount of data from users’ activities
(for example, location, demographics, prior purchases or sold items, to name a few) without
transparently indicating how they use and disclose this data. Most of this data is used for targeted
advertising purposes and is shared with third parties (ACCC, 2019).

Despite many open questions, digital platforms offering e-commerce services have been used
for many years, confirming that the concept brings about many benefits. Thus, with further
emergence of new technologies, e-commerce digital platforms will be able to offer different
services to end users and contribute to further development of FVCs.

2.2 Distributed ledger technology (DLT)

Distributed ledger technology (DLT), in its core sense, is a database that is spread between many
computers, or nodes, to avoid intermediaries and allow for peer-to-peer interactions. Thus, there
is no central authority that governs the whole process. There are different types of DLTs such as
blockchain, Tangle, Hashgraph or sidechain. Different DLT types mainly differ in the type of data
structure used and consensus mechanisms, that is, how different nodes agree on the data that
should be stored on the ledger (El loini and Pahl, 2018).

Indeed - as it represents the underlying technology for Bitcoin cryptocurrency — the most known
DLT is a blockchain introduced in 2008 by Satoshi Nakamoto®. The main characteristic of the
blockchain, compared to all other DLTSs, is that data (for example, transactions) are recorded on
blocks that are linked with hash codes, thus forming a chain of blocks. A consensus mechanism
is used for making a mutual decision of the nodes to allow a particular block to be added to the
chain. As each block in the chain references the previous block, if anyone tries to change the
data in a particular block, a change in a hash of that particular block will result, leading instantly
to a loss in the link with previous blocks. To make changing the data of the block possible,
an agreement of the network majority is required. Considering the number of nodes that are
actively involved on the network and the costs of such action, that is, the energy usage required
to perform the computational efforts of such action, altering blockchain data is nearly impossible,
rendering blockchain an effectively immutable ledger with tamper-proof data. Thus, supported
with the latest technology in cryptography, blockchain represents a highly secured ledger that is

& It is not clear whether Satoshi Nakamoto is a person or group of people that are using this pseudonym.
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get the overview of already recorded data. From this perspective, FVC actors do not need to have
in-depth knowledge on how DLT technology works in order to use the application. Usually,
DLT-based applications are very similar to the common digital accounting systems already in
use by many FVC actors.

Overall, as technological development is rapidly progressing, along with increasing number of
farmers having the access to mobile and Internet connections, DLT as an underling technology
for many useful applications in FVC has a great disruptive potential to change existing agri-
food system.

2.3 Arti cial intelligence (Al)

Following the definition provided by the OECD (2016), Al is defined as an ability of machines
and systems to acquire and apply knowledge to carry out“intelligent behaviour”. Only certain
aspects of Al find their application in agriculture, such as machine learning (ML) algorithms
(including deep learning, supervised and unsupervised learning), image and machine vision,
and robotics.

The main application of Al is to provide predictions based on data from machine or human-
based inputs. From the economic perspective, Al-based models help the decision-making
processes, and thus either contribute to cost reduction of the prediction or improve prediction
accuracy for the same cost (OECD, 2019b). With the rapid development of ML models, mainly
supported by the emergence of big data, Al-based predictions became easily accessible and
more affordable. Highly accurate predictions contribute to better decision-making processes by
reducing uncertainty. In the agriculture and food industry, uncertainty is one of the main factors
that have an impact on the economic performance of the producers and companies. Higher
uncertainty leads to higher risk, and thus to higher costs.

Predictive analytics based on image recognition, big data and ML models, together with different
kinds of robots, are the most typical use cases of Al in agriculture. High-resolution photos from
satellites are collected and processed, and real-time results are presented to decision-makers in
the form of predictive analytics (Box 5). Furthermore, modern agricultural machinery is equipped
with high-tech equipment able to “harvest” tremendous amounts of data that’s transferred
in real-time to farmers’ computers for further processing. Application of robots in agriculture
already has a long history — milking robots, for example, are already widely accepted in the dairy
sector around the world. Together with the advancement of technology (for example, sensors,
digital cameras and ML algorithms), the new generation of robots is being created to substitute
highly demanded skilled labour, especially during the harvest periods.
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Box 7 Artificial intelligence (Al) based financial inclusion of
small farmers

Company: Harvesting Inc. (the United States of America) was initiated in 2015 to bring speed, accuracy and transparency in agriculture
in order to enable financial inclusion for farmers around the world.

Core challenge: Lack of traditional data — that is usually out of the reach of financial institutions — to help to create a robust risk scoring
system in agriculture. Digital transformation of the agricultural sector sparks the need for combining agricultural practices with technology
and regulatory requirements in the financial sector. This requires a combination of skills that is nowadays mainly available through agri-tech
companies and not so much through traditional financing institutions.

Particular focus: Small farmers.

Solution: Agriculture Intelligence Engine, a digital platform that combines remote sensing satellites, agriculture, Al and financial tools
to drive the financial inclusion of small farmers. Combination of remote sensing data and traditional data collected from agriculture (for
example, production quantities and yields) are used for developing an innovative credit scoring system for farmer financing that: 1)
increases approval rates, and thus access to credit; and 2) decreases default rates. Furthermore, continuous monitoring of farmlands
provides an early warning system for repayment risk.

Similar companies: Ricult (United States of America, www.ricult.com) and Tulaa (Kenya, www.tulaa.io).

DVC or GVC enabling Farmers’ cost
(access fee)*:

Technology?: Country’s level of development?;

solution?:

1Description of the technology is provided in the text; 2National level - DVC, international level — GVC; Classification according to the World Bank; “Fee
of using the end product based on a specific technology.
Source: www.harvesting.co

2.4 Additive Manufacturing Technology (3D printing)

Additive manufacturing technology — hereafter 3D printing —is believed to bring a new revolution
to many industries. 3D printing is not a new technology; it dates back to the 1980s when 3D
printing technology emerged and was used for rapid prototyping. Nevertheless, at that time, the
technology was too expensive and not widely used. As the technology has significantly improved
and its prices! have dropped considerably, 3D printing has found broader application in many
industries since the year 2009, when an increased number of non-plastic printing materials
sprung up.

Nowadays, 3D printing has many applications in different industries: aerospace, consumer
electronics, medical, entertainment, industrial, consumer products, the automobile industry, and
many more. Materials used for printing range from plastics (the largest market segment in 3D
printing (Beyer, 2014)), biomaterials, metals, and ceramics.

The primary application of 3D printing in agriculture, at this stage of technological development,
is creating spare parts for agricultural machinery (Box 8). Usage of the 3D printing concept
for food production is still far from reality. Nevertheless, several companies are running pilot
projects involving printing food components into different shapes (see Box 9). Most of the
printed food items are end-consumer products at this stage of the technological developments.

11 The emergence of the RepRap replication method allows for free development and replication of 3D printers.
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Box 9 Additive manufacturing technology (3D printing) in the
food industry

Company: 3D Systems (United States of America) was established in 1983 to connect customers with digital manufacturing workflow required
to solve real business problems. It was the first 3D company in the world, thanks to the founder Chuck Hull who patented the Stereolithography
Apparatus (SLA). The SLA technology converts liquid plastics into solid objects and was first commercialised through 3D printing technology.

Core Challenge: How to use 3D printing technology in combination with traditional craft to create the future of food.
A particular focus in the food industry: confectionary sector, specifically, cakes and candies.

Solution: Culinary Lab and Chefjet 3D food printer. Culinary Lab is a learning, collaboration and exploration space where innovators work
closely together with chefs to create a new culinary ecosystem based on usage of 3D printing technology. The Chefjet is a 3D printer created
for restaurants that want to experiment with innovative food items.

Similar cases/companies: www.wiiboox.com (confectionary sector), www.tno.nl/Zen (pasta), www.naturalmachines.com (wide range of
food products).

Technology?: DVC or GVC enabling solution?; Country’s level of development®; Farmers’ cost (access fee)*:

Description of the technology is provided in the text; 2National level - DVC, international level — GVC; Classification according to the World Bank; “Fee of
using the end product based on a specific technology.
Source: www.3dsystems.com/culinary/culinary-lab

This section provides an overview of the necessary preconditions for digital technology adoption
and the current state of technological accessibility. Furthermore, assuming that small farmers
have already adopted some of the available digital tools and technologies, the inclusion of small
farmers into GVC is also discussed.

3.1  Accessibility of digital technologies

Apart from the tremendous potential of the previously presented digital tools and technologies,
there are many critical issues when it comes to their accessibility and adoption. The use of
digital technologies has the potential to reduce both fixed and transaction costs and eliminate
information asymmetries - the three important conditions for enabling the inclusion of small
farmers into FVCs. However, certain preconditions have to be met in order to utilize the full
potential of available digital technologies.

First, access to information communication technology (ICT) services has to be spread across
different regions. According to GSMA (2018a), mobile phone network coverage significantly
increased in recent years, with about 66 percent of the world’s population reported as mobile
phone users and about 43 percent as mobile Internet users. Nevertheless, most of the people
that do not have access to mobile phone networks live in rural areas (approximately 1.2
billion people) (GSMA, 2018b). Furthermore, the quality of the mobile network and Internet
connection has to be sufficient to allow for stable and constant connections between farmers
and technology providers. For example, if we consider that a small farmer has access to a digital
platform offering e-commerce services, there are several critical issues connected to unreliable
mobile or Internet connection. Any delay in receiving information due to loss of Internet or
mobile connection could result in additional costs. Farmers might lose buyers that could quickly
reach their competitors, and they might even be considered unreliable and excluded from the
platform. The same is true for a technology provider. If a platform’s accessibility is constantly
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consistent in presentation and format; and d) Robust — the provided tool should be compatible
with different digital technologies. Thus, technology providers are responsible to maintain the
technology and provide easy to use applications to their clients. In most of the cases, technology
providers approach small farmers with specific digital solutions to their problems, providing
the instructions to farmers on how to use their digital tools and how to benefit from them. As
technology providers need a critical mass of users to maintain their business model, most of
them provide services with no fee to farmers. In this way, a complex technology such as DLT and
Al are almost freely available to small farmers, however, they still need to pay for mobile and/or
Internet access.

When looking from the broader perspective, not strictly focused on small farmers, early adopters
of new technologies are usually farmers that could be classified as large. These farmers usually
have secured land tenure, access to finance, are already receiving support from extension service
providers, and are willing to take risk (Feder et al., 1985). As an example, implementation of digital
technologiesintheRussianFederationandUkraineisalmostexclusivelydonebylargeagro-industrial
holdings (sometimes called agroholdings) (Baryshnikova et al., 2019). Some of the top Ukrainian
agro-industrial holdings are investing up to USD 7 per hectare (for example, Karnel agro-
industrial holding invested about USD 2.7 million in digitalization, covering 540 thousand
hectares of land) (LaScalA, 2019). These large agricultural producers are able to access capital
needed for further infrastructural investments compared to other farm types — such as family
farms — that dominate agricultural markets in the Russian Federation and Ukraine.

3.2 Inclusion of small farmers into global value chains (GVCs)

Once all preconditions for technological accessibility and adoption are fulfilled, small farmers
have an opportunity to get involved into FVCs. As already mentioned in the previous section,
available digital tools and technologies provide a wide range of possibilities to FVC actors, and
especially small farmers, to enhance productivity, profitability and performance. Furthermore,
certain tools and technologies could help promote the participation of small farmers in
international trade through GVCs.

It is estimated that about 80 percent of global trade is conducted through GVCs (UNCTAD,
2013). Most of the parties directly involved in GVC trade are large companies, although they
represent a small percent of total companies in the global economy; small and medium-sized
enterprises (SMEs) continue to dominate. SMEs are mostly indirectly involved in GVCs, as they
are often suppliers for those enterprises that are export oriented (WTO, 2019). Nevertheless,
WTO (2016) findings indicate that digital technologies greatly enable SMEs in both export and
import activities, whereby export costs could be reduced by up to 82 percent together with
reductions of up to 59 percent in the operating costs associated with dealing with foreign markets
(AMTC, 2018). Within the agriculture and food industry, the situation is similar: large companies
are mainly involved in international trade. Most of the small farmers - including SMEs in the
food industry - are mainly focused on local markets and DVCs.

Important preconditions for supporting small farmers inclusion into GVCs are access to
information related toregulation and standards in differentcountries,and access to finance. Digital
platforms are used in many countries to provide valuable information on a range of regulations
and standards (such as sanitary and phytosanitary measures) that exporters should consider
when engaging in international trade. In combining digital platforms with blockchain technology,
there is a potential in achieving almost paperless trade. E-certificates could easily be shared
between the authorities even before the shipment physically reaches the border, significantly
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4 New market structures and enhancement of public services

This section provides a discussion on how previously described digital tools and technologies
enable significant changes in agricultural and food markets from two different perspectives.
The discussion starts from the digital technology providers and the downstream sector of FVCs
to identify emerging new market structures. Also, some thoughts are provided on how digital
technologies contribute to a better provision of public goods and services related to agriculture.

4.1  Incentivizing new market structures

The classic economic concept indicates that digital technologies reduce the transaction costs of
accessing information. If there are information asymmetries present, transaction costs will be so
high that certain interactions will not take place. For example, a small farmer may not be able to
obtain credit from a financial institution that does not have enough data to evaluate the credit
status of the applicant (Deichmann et al., 2016).

Once an innovative digital technology is accepted and widely used in the market, transaction
costs significantly drop compared to the period before the innovation. An example could be the
acceptance of Internet and mobile phones to receive information. Given that farmers have access
to mobile phones or Internet, it has become very easy for them to receive different information
relevant to their farming decisions. Nowadays, having a mobile phone might be sufficient for
obtaining access to different financial services - even without a formal bank account or providing
certain collateral (see Box 4, section 2).

Finally, there are emerging business models, based on different digital technologies that
essentially lead towards almost zero transaction costs. The best example would be digital
platforms with e-commerce services. After the initial high costs of building a platform and the
first digital product (for example, providing a digital record of farmers’ activities to determine
their credit score, see Box 7, section 2), the costs for replicating the product significantly drops
with higher numbers of users of the service. In other words, products could be offered instantly
with very low or almost zero marginal costs. This business model refers to the new emerging
digital economy in which new market structures are created based on economies of scale.

The new emerging digital economy is based on two features: potential to scale and the importance
of intangible capital. The potential to scale has already been explained through the example of
digital platforms. The importance of intangible capital is significantly growing together with
technological development. Intangible capital refers to a business idea, branding, software,
licenses and much more. According to Haskel and Westlake (2017), investments in the intangible
exceed investments in the tangible, as is the case in Finland, the United Kingdom of Great
Britain and Northern Ireland, the United States of America and Sweden. Furthermore, Haskel
and Westlake argue that there are four economic properties of intangible assets: “scalability”,
“sunkenness”,“spillovers”, and*“synergies”, which allow for the rise of large digital companies,
in addition to leading to more mergers and acquisitions, and a higher concentration in the

industry.

The main characteristics of the digital economy are present in the agriculture and food industry
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4.2 Provide better public services in agriculture

“Pure” public goods are products or services that, when provided to one individual person or
a company, still remain available to others at no additional expenses. The two most important
components of a public good are non-rivalry and non-exclusion (Samuelson, 1954). Non-rivalry
refers to the simultaneous consumption of the product or usage of the service, while non-
exclusion refers to the fact that a person or a company can’t be excluded for consuming a public
good. If one of these two components is not achieved, then it refers to an imperfect or ineffective
public good (that is, a“pure”private good).

According to economic theory, markets are functioning well and add to social welfare in cases
where supplied products or services are rival and excludable in nature (Gans et al., 2012). In
other words, someone cannot use a product or service unless she or he pays for it, and using it
prohibits others from gaining the same benefit. Thus, the theory states that markets fail when
both non-rivalry and non-exclusion exist at the same time, when social welfare is sub-optimal.
In this situation, as companies or individuals fail to provide products or services needed by
society, governments need to react by providing public goods, as the benefits of governmental
action exceed cost (Griffith et al., 2014).

When considering agriculture, all of the products produced are actually non-public goods
provided by the private sector. The non-rivalry condition is not met since consumption of a
certain product depends on the level of demand; increased demand leads to a reduction in
available amounts of the product. Furthermore, many consumers are excluded from consumption
of certain products as farmers are*“free”to set the price of their products (greatly depending on
the market conditions).

Nevertheless, there are public goods directly related to agriculture, such as provision of public
services through Research and Development (R&D) and extension services. Both. of these
public goods relate directly to digital technology adoption. In fact, digital technology could itself
be used by governments to provide more efficient public services and targeted policies that
ensure no one is left behind when it comes to accessibility and adoption of new technologies in
agriculture and FVCs. Such an approach could ultimately prevent a digital divide®:.

The public sector has traditionally been the engine of R&D in agriculture, mainly based on open
access to intellectual property, that is, it is an impure global public good as defined by Dalrymple
(2004) (Piesse and Thirtle, 2010). Nevertheless, this trend was dominant until the end of 1990s.
The latest available figures from 2011 indicate that public R&D accounts for 55 percent of the
global USD 69 billion spent on R&D (Pardey et al., 2016). The trend from recent years indicates
a significant slowdown of public spending on R&D, especially in high-income countries. On
the other hand, private investments in R&D are recording rapid growth. This trend could be
directly associated with constraints in fiscal policies of many countries, advancements in genetic
engineering, technological innovations (digitalization and robotics) and increased marketization
of supply chains (Jaruzelski et al., 2017). Similar to developments related to concentration of
primary data in agriculture (see subsection 4.1), private sector investments into agricultural
R&D are dominated by large international seed, chemical and biotechnological companies such
as BASF, Bayer (Monsanto), Syngenta and others. This trend might potentially lead towards
oligopolistic competition in agricultural innovations (Piesse and Thirtle, 2010).

13 The term digital divide is defined by the OECD (2001, p. 5) as the: “....gap between individuals, households, businesses and geographic areas at different socio-economic levels with
regard both to their opportunities to access information and communication technologies (ICTs) and to their use of the Internet for a wide variety of activities”.
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5  Conclusions and policy implications

5.1  Summary discussion and conclusions

Disruptive digital technologies have a great potential to enable further development of the
agricultural sector, significantly reshape GVCs, and greatly contribute towards more productive,
resilient and transparent food systems. As most of the technologies with the highest potential
to revolutionize the agriculture and food industry are in their infancy phase of development
(such as, blockchain, Al and 3D printing), it is still too early to access their true impact. Wide
technology acceptance greatly depends on all involved actors, as governments have to enable
adequate environments for innovations and further technological development. Providers of
the technologies have to understand and match market needs, while technology users have to
understand and adopt different technologies.

Digital technologies are not the panacea for all challenges facing the agriculture and food
industry. Nevertheless, the discussion provided in this paper indicates that digital technologies
could significantly reduce transaction costs — and especially resolve the information asymmetry
problem. Furthermore, this discussion has revealed that there are great benefits of digital
technologies, particularly for small farmers, FVCs (their business models), technology providers
(agricultural companies providing digital tools for farmers), and governments.

Mobile phones, the Internet and especially digital platforms offering e-commerce services are
among the most important enablers of small farmers getting involved with formal economies.
With very low costs for using the technologies, small farmers are able to get direct access to
market information and become involved with trading activities. Digital platforms — supported
with Al and blockchain technologies — play a key role when it comes to small farmers’ abilities
to increase the efficiency of production (see Box 5) and get involved with FVCs (see Box 1).
Furthermore, the combination of different digital technologies helps farmers to overcome
additional key problems, such as access to finance and insurance services (see Box 4).

Concerning FVCs in general, digital technologies have a great potential to change the existing
linear business model. Blockchain technology brought with it the possibility of a decentralized
tamper-proof data storing system, leading to high levels of security and trust. For FVCs, this
system has many potential benefits. For example, internal contractual relations within a
particular FVC do not need to be strict and heavily regulated, since fraudulent actions would
be easily recognized and sanctioned by other members of the FVC. Thus, there would not be a
strong need for strict vertical integrations of the FVCs (see Box 3). Also, the possibility of safely
storing data on a blockchain has great potential in international agricultural trade since all of
the documents related to trade could be digitalized and simply follow the physical movement
of goods within a GVC. Ultimately, FVCs might gain more trust from consumers because they
would be able to provide traceability and provenance of their products (see Box 2).

Finally, governments can benefit greatly from using digital technologies related to agricultural
sector activities. More specifically, they could use different ML models to analyse large data sets
and make better assessments regarding who should be targeted with specific measures and how
much financing should be allocated. Furthermore, digital technologies help with more efficient
allocation of funds, for example, subsidies (see Box 10), and better monitoring of the impact.

Besides having numerous potential benefits, the use of digital technologies also encompasses
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many concerns and risks. Lack of sufficient information, or understanding, of what a particular
technology might provide asabenefitand the potentially high costs of technology implementation,
represent some of the greatest obstacles for wider acceptance of various emerging technologies.

Another major concern is data protection. As indicated in this paper, most of the emerging
technologies greatly rely on large amounts of data collected from technology users. Even if users
sometimes receive access to a certain technology for“free”, the question is whether it is really
for free, as users’ data is collected and processed. It’s then either used by technology providers
to improve the technology or create well-targeted marketing campaigns, and/or is sold to third
parties. As it’s not always clear who actually owns the data, this problem can be quite complex.

Once a farmer or an SME is using a digital platform, or is operating on a blockchain, there is
always a concern of who is governing the technology and which decisions are being made. If a
particular digital platform suddenly stops operating, users could face high transaction costs as
they would need to look for a new platform and customers. The same applies to the governance
of different platforms hosting blockchain technology that rely on communities of programmers.
The question of what could happen to the data of the blockchain users if the community
decides to make a major change or stop working on further platform development needs to be
considered. Governance of the technology is crucial when it comes to scalability issues as well.

Digital technologies also contribute to the creation of new business models based on economies
of scale. Besides providing enormous possibilities for businesses to grow — as they produce digital
products with almost zero product replicability costs — it also leads to a potential danger in the
market. This is especially the case for large agri-food companies, mainly input and machinery
providers, who develop their own digital platforms and try to*“harvest”as much data as possible
in order to control bigger market shares and increase profits. This“hunger”for data is displayed
through massive mergers between companies in the agri-food sector leading towards clear
concentration in certain segments (for example, seed production and agricultural machinery
sectors).

5.2 Policy implications

Based on the discussion provided in this paper, the following recommendations refer to both
policy makers and technology developers.

Ensure that regulatory bodies obtain the necessary skills to understand the technical
characteristics of the digital technologies in order to identify which national legislations have to
be adjusted to respond to market needs.

Promote and support investment in ICT networks in remote areas. As ICT enables digital
technologies, it is important to provide access to as many individuals as possible to avoid
digital divides.

Provide support for education activities in rural areas, especially taking into consideration
gender aspects. It is important to support education of rural population in order to enable faster
adoption of innovations in agriculture.

Provide clear national data protection regulations to ensure digital privacy. There is a
need for clear guidance from national governments on data protection rules. Furthermore, to
ensure compatibility, regulations on data protection should be in line with existing international
standards. Many developed countries already have strict regulations on data-handling procedures
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