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Abstract

To promote local purchasing and production and to strengthen supply chains while accelerating
the green shift in Quebec’s agri-food sector, digitization is imperative. Because only the
digitization of food production, processing and distribution will generate the data needed to
achieve these objectives. Digitization will also make it possible to “trace” the food we produce
and thus validate its quality and origin, requirements that have become essential for both
domestic and international markets.

Thanks to this data on Quebec’s agri-food ecosystem, we will be able to make our supply chains
more resilient as well as measure and ultimately reduce the ecological footprint of agri-food
chains. To make the digitization of these sectors a real priority, certain conditions must be met
beforehand: equip all agricultural regions with high-speed Internet connections, establish an
inventory for each sector, quickly create a monitoring center to benefit from foreign experiences
and mobilize, for several years, a team dedicated fulfill this project. These are certainly
demanding conditions, but they are also very structuring for the Quebec economy.
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Introduction

Quebec, like other societies around the world, has entered the fourth Industrial Revolution:
the digital revolution. The main characteristic of the new digital technologies is that they are
intertwined and come on top of each other to establish permanent networks of
communication and interaction between people, objects, and machines through the
digitization (or digitalization) of all business processes. The customer can now place an order
for a product according to their needs directly over the Internet; payment and transfer of
funds are made instantly over the Internet; suppliers will produce and deliver the product
very quickly. This integration of sales, production, quality control, inventory management,
distribution and payment processes shakes up old business models and radically transforms
the sources of value creation while shifting profit margins between the players in a sector or
market. At the same time, billions of pieces of
The digital revolution and the rise of data are simultaneously emerging as the key
platforms and aggregators are changing to defining winning industrial strategies and
the distribution of all products, including optimally managing the production and
food products. distribution operations of goods, including
food.

Understanding the multiple implications of this digital revolution affecting all sectors of the
economy is an essential prerequisite for assessing how the digital revolution and the rise of
platforms and aggregators are changing the distribution of all products, including food
products. The first section of this document presents this new industrial dynamic that drives
the urgency of digitizing Quebec’s agri-food sector.

The second section deals with agri-food and digital technology and covers: precision
agriculture, digital agriculture, sustainable food, and the optimization of agri-food supply
chains. Agriculture has always benefited from great technological discoveries; more than fifty
years ago, what we call today precision agriculture was born, which aims to adopt the right
cultivation practice, on the right soil, at the right time and with the right intensity. This
precision agriculture is the cornerstone of digital agriculture. Precision comes from the
multiple sensors installed on farm equipment, the many GPS, lasers and drones that read the
soil on farms, the sophisticated seeding, spraying and harvesting tools used in the fields, and
the intelligent systems installed to feed, milk and monitor animals in barns and outdoors. All
this equipment is connected to Internet networks and provides farmers and their suppliers
with the data to better manage their operations.

Digital farming is a broader and more encompassing concept than precision farming because
it involves the farm and its ecosystem of suppliers, distributors and other stakeholders
including regulators, governments, customers, and the public. It is therefore only natural that
digitizing the ecosystem of an agri-food chain should lead to facilitating sustainable food while
at the same time being a very powerful lever for optimizing supply chains.

This digital revolution is therefore urgently needed around the world because these
technologies can help companies address the many challenges associated with food, such as
increasing the supply of food to populations, food safety and traceability, the ecological
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transition of the agri-food sector, and the need to make supply chains more effective, resilient
and efficient for the benefit of all. Objectives embraced by MAPAQ and the Quebec
government.

The digitization of the agri-food sector is
already producing astronomical amounts of
data. Because this data must be of high
quality and verifiable, while being secured to
protect the privacy and competitive
advantages of producers and distributors, blockchain technology is increasingly emerging as
the most appropriate technological architecture to manage these data flows. This technology
is presented in this text, and references to numerous projects underway around the world
are provided.

Digital is not a sector in itself, but a
transversal component to all sectors of the
economy.

The third section discusses the challenges and obstacles to digitization in the Quebec agri-
food sector, and highlights the technical, organizational, and cultural dimensions of these
difficulties. Among these obstacles, the most important remains the connectivity of Quebec’s
agricultural territories: nearly 70% of regions that are described as “well served” actually have
connections at speeds below the minimum threshold established by the Canadian Radio-
television and Telecommunications Commission (CRTC). Another major challenge is to
convince the agri-food sector to accelerate its digital shift while identifying the right public
policies to support it in this process and offer effective financial incentives.

The conclusion of this document comes back forcefully on the need to win the data warin a
digitized world and offers a summary of the arguments that motivate the urgency of digitizing
Quebec’s main agri-food sectors. Digital is not a sector in itself, but a transversal component
to all sectors of the economy. It is an indispensable and unavoidable lever for achieving the
strategic objectives envisioned by the MAPAQ. The conclusion also sets out five
recommendations to promote the digitization of Quebec’s agri-food sector.
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1. The Digital Revolution
1.1. A New Industrial Dynamic

The fourth Industrial Revolution (the digital revolution) is believed to have initiated in
Germany around 2013 (Petrillo et al., 2018) and has rapidly spread to other parts of the world.
The first Industrial Revolution dates back to the end of the 18th century and allowed the
mechanization of production thanks to the invention of the water and steam engine, as well
as machine tools; it was followed by the second revolution which developed thanks to the
electrification of factories; it was then that mass production became widely accepted,
inspired by the model of the Ford factories. It was not until the end of the last century and
the beginning of the 21st century that the third revolution in manufacturing industry
appeared, characterized by a wave of automation and robotization that was accompanied by
a greater penetration of electronics and information technology in all the goods and services
sectors of the economy. And barely twenty years later, Industry 4.0 and the digital revolution
were born, triggering a tsunami of changes in just a few years, this time not only in
manufacturing, but also in the distribution of goods and services across all industries and in
all types of private and public organizations (Greenman, 2019).

The main characteristic of the new technologies is that they overlap to establish permanent
networks of communication and interaction between people, objects, and machines through
the digitization (or digitization) of all business processes. Customers can now order a product
or service according to their needs directly through the Internet; payment and transfer of
funds are made instantly through the Internet; this information is instantly transmitted to
suppliers who will produce and deliver the product and service very quickly. This integration
of sales, production, quality control, inventory management, distribution and payment
processes shakes up old business models and radically transforms the sources of value
creation while shifting profit margins between the players in a sector or market. Let’s take a
closer look at this.

Before the appearance and generalization of the Internet, any industrial sector was composed
of three blocks: producers (manufacturers, food or service companies, craftsmen, and
farmers), distributors (wholesalers and retailers), and customers (individuals and companies).
In this pre-digital world, the information costs incurred by producers to communicate with
suppliers and customers, on the one hand, and the costs of distribution, exchange and
transactions between the various players, on the other hand, were so high that to dominate
anindustry it was essential either to control the supplier market by being vertically integrated,
or to govern the distributor market by having built a strong horizontal presence in a region or
market. For example, if the regional weekly newspaper had built a dominant position as the
primary medium for delivering local and regional news to all residents of the region, it would
be able to capture advertising revenues from regional suppliers. It had the lowest
communication costs and this advantage allowed it to dominate the news market. While it
was able to compete, even then, the industrial dynamics of the pre-digital world were
preserved.
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In a digital world, the industrial logic is radically modified because with the generalization of
the Internet, the marginal cost to disseminate additional information to a very large number
of customers is almost nil, just as the marginal cost to execute a transaction is almost nil. Of
course, building a business based on intensive use of the Internet represents significant fixed
costs and takes time, but once the software and network infrastructures have been put in
place, the marginal cost of information, transaction and distribution via the Internet tends
towards zero. In addition, there are now platforms and applications available to start a new
business on the Internet at costs radically lower than those prevailing in a pre-digital world
(andinthe early digital world). Shopify, a Canadian company, offers exactly this type of service
to small and medium-sized businesses by offering monthly packages from the simplest to the
most sophisticated (shopify.com). It is this change in cost structure that is causing a new
business paradigm and setting up a new industrial dynamic that is giving rise to and growing
new business models. Among these new models, it is useful to recognize the most relevant
ones.

Ben Thompson from Stratechery (2017) presented these different models in a very
pedagogical way and especially explained how these companies succeed in building “moats”
(Moat Map) that protect them from their competitors and eventually allow them to become
dominant, thus validating the winner takes all thesis.

In a digital world, the industrial logic is radically modified because with the
generalization of the Internet, the marginal cost of disseminating additional
information to a very large number of customers is almost nil, just as the marginal
cost of executing a transaction is almost nil.

He uses two indicators: the level of supplier differentiation and the degree of outsourcing of
network effects. Based on this representation, Thompson distinguishes two company
archetypes: aggregators and platforms.
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Figure 1 — Representation of the “moat” concept (Moat Map, Thompson, 2017)
1.1.1. Aggregator Business Model

For Thompson (2017), the two largest aggregators of customers and/or data are Facebook
and Google. The first has managed to aggregate more than 2.4 billion members who exchange
a lot of information of all kinds, while the second is connected to more than 2 billion devices
with billions of individuals and businesses, managing an almost unlimited amount of data of
all kinds. In both cases, these companies benefit from two extremely protective effects:
virtuous network effects that are totally internalized, and the effects of independence and
indifference of their suppliers, which provide them with the most effective wall of protection
against competition. Facebook’s ability to charge for advertising space increases as the
number of members increases on its network; however, the more members there are, the
more attractive the network becomes for advertisers and also for current and future
members because they can reach more friends; this is the logic of the network effect creating
a virtuous circle.
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Moreover, as with Facebook, the providers of
[...] the more members there are, the more information, photographs, and ultimately any
attractive the network becomes for contentpresenton the siteare in factthe users
advertisers and also for current and future (members) —of the network themselves.
Facebook is completely independent and
indifferent to its providers: it is a pure
aggregator! Google is also an aggregator, but
with a few small nuances; as a network on the
Internet, Google also benefits from positive
network effects, because the more users there are, the more it is able to demand more from
its advertisers and the more information and data will be numerous and growing. However,
Google would be slightly less independent of its suppliers because it uses certain incumbent
suppliers with whom it can partially share its advertising revenues. However, Google remains
the dominant or even overwhelming search engine — nearly 93% market share as of October
2020 — and reaps profits thanks to its “walls of protection” provided by network effects
(Statcounter GlobalStats, 2020).

members, because they can reach more
friends; this is the logic of the network
effect creating a virtuous circle.

1.1.2. Platform Business Model

At the other end of the spectrum, the network effect and vendor independence, Thompson
identifies platforms and recognizes two major players: Apple and Microsoft. Indeed, in both
cases, their strength lies in this fabulous ecosystem of differentiated vendors who day after
day deliver new applications that are always better than the latest and add multiple features
to Apple and Microsoft devices and software, ensuring the dominance of their products in
their markets. What’s more, neither Microsoft nor Apple benefits from network effects per
se (unless you think of Apple stores as a network). In fact, pure platforms have built their wall
of protection precisely because of their ecosystem of vendors that provide them with the
ability to create high-value-added tools and applications that help them build their brand.
This hasn’t stopped Microsoft Office from dominating its market, but it wasn’t through
network effects. Similarly, Apple has not only been able to dominate markets, but sometimes
even transform them through its products, such as the smartphone. Before the iPhone,
consumers wanting a cell phone chose and dealt primarily with the telephone operator and
its package offer, the model or brand of the device were secondary. This hierarchy was
reversed with the release of the iPhone and the appearance on the market of competing
smartphones: consumers wanting to get the device (iPhone) before the service (the phone
package) naturally turned to certain operators offering the coveted device(s) on an exclusive
basis (Dissanayake and Amarasuriya, 2015; Sandler, 2019). Today, a glance at the telephone
operators’ advertisements reveals this almost total reversal of dependence between the
latter and the device manufacturers, and the operators are obliged to offer certain flagship
products or risk depriving themselves or even losing many customers (Lescop and Lescop,
2013). This reversal of the situation is the result of the deployment of aggressive marketing,
on the one hand, and the implementation of predatory and anti-competitive behavior on the
other (Agence France-Presse, 2020).
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1.1.3. Hybrid Business Model: “Aggregator Platforms”

Finally, according to Thompson, there is a hybrid model where we find companies such as
Amazon and Netflix, which are in fact aggregator platforms. On the one hand, they benefit
from positive and partially internalized network effects; the more buyers there are on
Amazon, the more Amazon can negotiate lower costs from its suppliers, and the more its fixed
costs can be amortized over a larger number of customers; on the other hand, their suppliers
are partially differentiated although they do not have much power on Amazon, because
Amazon benefits from network effects large enough to be fairly independent of its suppliers.
Indeed, aggregator platforms are networks for more than one reason: at least a network of
suppliers and a network of customers. In fact, it is a whole ecosystem of partners that
gravitates around Amazon and makes it its strength. Shopify has also developed a similar
partner ecosystem and is trying to position itself as a competitor of Amazon (Thomson, 2019;
Strain, 2020).

A closer look at Amazon’s business model allows us to better understand the fundamental
difference between the pre-digital industrial logic and that resulting from the digital world.

In its early days, Amazon bought books at wholesale prices from its suppliers and resold them
at retail prices to its customers, following the logic of the pre-digital world: Amazon was a
simple intermediary that certainly benefited from lower information and transaction costs
thanks to the Internet and acted as a platform by facilitating relations between third parties.
Over time, the number of available products increased, and Amazon became increasingly
efficient while increasing the number of its distribution and logistics centers across the United
States and then around the world.

Today, Amazon’s logistics capabilities are so large and efficient that Amazon has become a
provider of web-based goods distribution services without customers really being able to
distinguish between wholesalers who sell their products to Amazon (who then resell them at
a distributor’s margin), and suppliers who use Amazon’s logistics services and capabilities
(who then receive revenue for the logistics services they provide).

Amazon recently acquired Wholefoods not to acquire a supplier, but rather to acquire a
customer, and thus control the cold chain and components of food distribution with the goal
of becoming a platform of choice for all grocers. Amazon becomes a platform of platforms!

Customers who buy on Amazon experience the exact same experience in both cases. Because
the experience is excellent, more and more providers want to use Amazon, which benefits
from a network effect characteristic of the digital world. Amazon created Amazon Prime in
2007 allowing its best customers to participate in a loyalty program offering them free and
fast delivery, discounts on purchases of movies or goods in its stores such as Wholefoods.
According to the Consumer Intelligence Research Partnerships, today more than 65% of its
customers have subscribed to the Amazon Prime offer, representing more than 126 million
consumers (figures from the end of the third quarter of 2020, just in the United States).
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In less than 20 years, the number of Amazon’s logistics centers has grown from a few to more
than 100, while Walmart, which began operations more than 50 years ago, has only about 20
distribution and logistics centers. Walmart makes up for this delay with its 4500 points of sale,
but Amazon’s weapon of combat is its logistics, which supports the customer experience on
the Internet. Amazon has become no longer a simple aggregator, but a multifaceted
distribution platform for consumers (business to consumer, B2C), but also for companies
(business to business, B2B) (Thompson, 2017). That’s not all: Amazon has also become a
platform offering cloud computing services (Amazon Web Services, AWS) to a growing
number of startups, small and medium companies, as well as some of its competitors. It is a
key player in retail as well as wholesale on the Internet! Finally, Amazon recently acquired
Wholefoods not to acquire a supplier, but rather a customer, and thus control the cold chain
and components of food distribution with the goal of becoming a platform of choice for all
grocers. Amazon becomes a platform of platforms (Montet, 2020)! Thomson also calls them
“super-aggregators” (Thomson, 2017; Thomson, 2020; Wu, 2020).

The digital revolution is not only shaking up the distribution sector; the manufacturing and
agri-food sectors are also directly affected by these new technologies. The digitization of
processes creates networks of interactions between objects, machines and robots because
they use increasingly sophisticated sound and image sensors and continuously generate data
on the quantity produced, production deadlines and quality, wear and tear on machine tools,
the level of input inventories, soil quality, the productivity of agricultural equipment, goods
in production and finished goods, etc. The digital revolution is not only shaking up the
distribution sector, the manufacturing and agri-food sectors are also directly affected by
these new technologies. This data becomes a source of information to better manage
processes and optimize the use of resources. This data also feeds intelligent algorithms that
contribute to the continuous improvement of processes, carried out automatically. These
systems, which combine the physical and digital worlds, enable the integration of information
technology and data processing system with the mechanical and electronic components of
production equipment and processes.

1.2. An Example of Digitization in the Agri-Food Industry in Quebec: Patates Dolbec

A good example of the use of interoperability between the physical and digital worlds is the
digitization and robotization of a potato harvesting, grading, packaging, and distribution plant
(see youtu.be/7Yd4 _kNtU 8). When the potatoes arrive at the Dolbec plant in Saint-Ubalde,
they are stored according to the field where they were harvested and, immediately,
characteristics are associated with them such as the variety of potatoes, the personnel who
harvested them, the date and time of their harvest, etc., which from the outset generates a
lot of data. From there, they are moved by conveyors to washing machines and then passed
to an optical sorter to determine their shape, size, color, imperfections, or diseases. They are
then placed in bins corresponding to the sorting carried out. These bins are weighed and sent
to a refrigerated warehouse where they are stored for a few hours or a few days, waiting to
be prepared to fill customer orders.
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Since the digitization of its plant, Patates Dolbec delivers more potatoes than ever
before with the same number of workers, and the company has managed to
substantially reduce its delivery times. This allows the company to offer its customers
fresh products year-round.

Traders can order the quantity and type of potatoes they wish to purchase directly over the
Internet. A planning exercise follows to schedule the bagging: robots/shuttles bring the bins
from the cold-storage warehouse to the robotic packers, who then place the potatoes in bags
bearing the company’s brand and reference to the fields harvested and other traceability data
(e.g., lot, date, time). The company’s inventories are recorded automatically and in real time
in an Enterprise Resource Planning (ERP) system.

TRACEABILITY
<< P>

IDENTIFICATION CLASSIFICATION » PACKAGING DELIVERY
" =
@ * Field number * Shape g Bags bearing Inventory
g * Variety/type * Size % references and management
% * Harvesting personnel + Color g other

* Time/date of harvest * Imperfections g traceability data
+ Diseases

Figure 2 — Patates Dolbec traceability chain: from the soil to the grocery shelves

At each stage of the harvesting and production process, from washing to grading, packaging
and delivery, all stages of the process generate data that is read by sensors, RFID (Radio
Frequency Identification, a technology for automatic detection and identification by radio
frequency) identifiers, actuators, digital photographic images and various software and
wireless solutions. From the ground to the table, everything is fully digitized and automated,
allowing for intelligent management of the company. Machines, systems, and products
exchange information with each other and with the outside world via the Internet. Since the
digitization of its plant, Patates Dolbec delivers more potatoes than before, with more
varieties, with the same number of workers, and the company has managed to substantially
reduce its delivery times. It can thus offer its customers fresh products year-round.

The experience of potato traders and consumers is greatly improved. Thanks to the numerous
data resulting from digitization, the traceability of the product from farm to table is complete
and provides consumers with an unequalled level of transparency. Through a simple barcode,
they can know the exact origin of the product they are consuming. What’s more, the producer
has complete control over the quality of his product and can, if necessary, recall a particular
lot of potatoes, because he knows who bought what, when and from which lots the potatoes
came.

There are many examples of agri-food and manufacturing companies that have already
integrated traceability technologies into their business models (Petrillo et al., 2018; Poore et
al., 2018).
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1.3. Learning Algorithms and the Artificial Intelligence and Digital Industry

We are witnessing continuous advances in information technology in terms of the computing
capacity of computers (quantum computing) and infrastructures (cloud computing), as well
as in the physical, chemical, and biological sciences. However, the real revolution comes from
the interaction of all these multiple discoveries with the arrival and spread of artificial
intelligence and in particular deep learning, which allows algorithms to map, recognize or
identify patterns and trends using large data sets. These “apprentices” are now able to
recognize and perceive images and sounds in impressive ways because they have a greater
memory and computational capacity that allows them to perform many tasks with much
lower error rates than those recorded by human beings (Paredes, 2018; Sargeant, 2019). Such
algorithms have been used in the medical field, for example for diagnostic development
(Devarakonda and Tsou, 2014) and in imaging analysis (Pesapane et al., 2018; Imagia, 2020).
It is thanks to all these techniques that the industry can now use autonomous vehicles and
robots of all kinds, which are interconnected and perform many complex tasks in changing
environments. Petrillo et al. (2018) explain well that the capture of this data makes it possible
to transpose the many physical objects such as inputs, robots or products into numerical
symbols that are then put in communication in a digital network where it is possible to make
calculations, memorize and combine to translate this big data into information and
management decisions. These authors identify five levels of functionalities of cyber-physical
systems that we take the liberty of illustrating using the case of potatoes (NB: This is to
exemplify and not to present facts verified in the factory). The following are the five levels of
functionality:

- Level 1: Theintelligent connection. The ability to acquire and manage data in real time
thanks to intelligent sensors that transfer it to the right place in the system using
specific pre-established communication protocols. For example, sensors on potato
bins send a signal when the bin is full of potatoes and the system must command a
robot to transport that bin to the right place in the warehouse, before bringing an
empty bin in for refilling.

- Level 2: Conversion of data into information. The ability of the system to aggregate
data and convert it into value-added information. For example, after washing and
grading a certain number of potatoes, the robot that washes the potatoes identifies
that an abnormally high number of potatoes are very small.

- Level 3: Digital matching. The ability to represent a very real world in the digital world.
For example, the same system adds that this very high level of small potatoes is
incompatible with an already very high inventory level of small potatoes in the
warehouse.

- Level 4: Cognition. The ability to identify multiple scenarios and support a decision
process. For example, the system, using data on recent deliveries to different
customers and production and packaging data, establishes scenarios on the future
evolution of inventories and the consequences on cost price and possible losses due
to this abnormally high level of small potatoes.

- Level 5: Configuration. The system can comment on reality while using digital and
virtual data and to propose corrective measures. For example, the system proposes,

©CIRANO2020

13



taking into account the weather data of the current season in comparison with
previous years, a revision of the classification of potato fields based on recent data
indicating a smaller potato crop than before; the system also proposes a revision of
the planning of potato harvest in the fields based on inventories and sales. The system,
after testing the accuracy of the robot that washes and grades the potatoes, indicates
that no grading defects were detected. Finally, the system also proposes a small
potato price reduction program to restore inventories to optimal levels and provides
an analysis of the financial implications of the proposed price reduction program.
Finally, the system adds a concrete proposal to establish the list of customers to whom
this price reduction proposal should be made, considering the objectives of
developing new markets and retaining the most profitable customers.

In other words, modern societies are only at the beginning of a new era of discoveries and
applications that will bring benefits and challenges in all fields such as agriculture and food,
land and air transportation, education, finance, healthcare and medicine, commerce, energy,
logistics, robotics, not to mention the ethical, moral and governance issues that these new
developments will raise. The applications are also numerous, ranging from the recognition of
characters, speech, human figures, to the manipulation and classification of photographs or
images of all kinds, to the ability to diagnose a disease, a situation, a problem, etc.

[...] modern societies are only at the beginning of a new era of
discoveries and applications that will bring a tsunami of benefits
and challenges in all areas such as agriculture and food [...]

1.4. Suppliers in the Digital World

A whole world of manufacturers and suppliers is in full swing to better position themselves in
these markets of artificial intelligence and data processing. In addition to countries and
numerous customers, Greenman identifies six types of players structuring this supplier
architecture of the digital world (Greenman, 2018):

1. Very large companies in all industrial and service sectors; these include major
financial institutions, large manufacturing groups (aeronautics, automotive),
manufacturers of agricultural equipment that play a key role in precision agriculture,
and large logistics and service companies; each of these major players is both a center
of excellence in digitization and artificial intelligence to meet its own needs, but also
very often in partnership with other players to sell their solutions and applications to
others in their industry.

2. Providers of digital and artificial intelligence-based solutions, specific to certain
industries, for example healthcare, agri-food, education, transportation, legal
services, finance, are also involved in the development and implementation of digital
and artificial intelligence solutions for their customers. They are called vertical vendors
because they are specialized by industry.
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3. Vendors that offer solutions to companies in all sectors; this category includes
specialists in customer management or human resource management applications,
cyber security applications, or specialized tooling (for example, social distancing
measurement tools or applications and software dedicated to exposure notification
and employee protection in the context of the COVID-19 pandemic (see “Kencee u2”
by Noovelia, kenceertls. com), etc.) They are called horizontal vendors because they
are specialized on the functions of the company, regardless of the sector.

4. Model and algorithm vendors who specialize in the development of functionalities
such as facial recognition, vision, speech recognition, semantics, etc., are also known
as horizontals because they are specialized in the functions of the company regardless
of the sector. They are at the heart of artificial intelligence and bid data research and
development. There are generally more scientists and researchers there than among
other stakeholders.

5. Providers of platforms and infrastructures that support all these stakeholders with
cloud computing, computing, and data processing services of all kinds.

6. Suppliers of smart chips and other components essential to the development of
digital and automated systems based on artificial intelligence and algorithms.

The agri-food sector will have representatives from each of these categories of suppliers, as
well as groups of suppliers from several categories, since the complexity and costs of
developing and marketing products and services push competitors to cooperate by creating
collaborative platforms that can be open and based on open-source software (see the
initiative launched by Yara and IBM in Davos in January 2020).

1.5. The Impact of Digital and Artificial Intelligence on Productivity

The impact of the digitization of the economy and artificial intelligence on labor productivity
is potentially very large. Several works have been carried out on this major topic including
that of Purdy et al. (2016), the International Robotics Federation (2017), the International
Telecommunication Union (2018), West et al. of Brookings (2018), and Chui et al. (2018).

All of these reports are quite convincing and agree that artificial intelligence is not just
another technology like the Internet of Things or cloud computing, but a constellation of
technologies; these new intelligent learners are increasing and even surpassing human
capabilities since they are able to capture, understand, learn, analyze, decide and act.
Research by the Accenture group (Purdy et al., 2016) has identified three ways in which
artificial intelligence increases labor productivity. They are:

- Intelligent automation, which creates a virtual workforce that partly replaces human
work, but also complements it; one only has to visit factories that use intelligent
robots or a call center that uses intelligent algorithms to see the productivity gains
that this virtual workforce provides (International Federation of Robotics, 2017;
Atkinson, 2019).

- The increase in human labor and human capital: this is the case where artificial
intelligence increases human intelligence, for example, in the diagnosis of diseases in
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humans and animals, where systems based on deep learning can in a fraction of a
second make use of the millions of data provided to them, and thus identify the
patient’s disease; the same kind of increased intelligence is seen in the insurance
industry, energy infrastructure management and many other fields.

- Dissemination of innovations. Artificial intelligence is not a sector, an industry, or a
technology, but a horizontal phenomenon that modifies all human activities; think of
the impact that the widespread use of autonomous vehicles will have in
transportation, but also in fields and agri-food factories.

Today, automobiles are on the move only 4% of the time and are therefore immobilized 96%
of the time (Bates and Leibling, 2012; Barter, 2013); this capital is properly immobilized and
is not in use. In fact, mobility in large urban centers is increasingly referred to as a service
where a large number of autonomous, electric, interconnected and networked vehicles would
be brought together in a single platform at the service of users, who will pay according to
their use, taking into account duration, time of day and attendance. The same phenomenon
of sharing robots and equipment in the fields and among farms is already starting to appear:
it is Farming as a service (Bain & Company, 2018) that transforms the cost of capital
acquisition by each farmer into a cost of renting the service; this concept already exists, but
digital platforms allow sharing in a more optimal and personalized way, as each farm’s data
is protected and valued.

[...] economies [...] that do not adapt to this new technological and scientific
revolution and do not adopt these new technologies will clearly be much less
competitive and will find it very difficult to create wealth [...]

Accenture (2019) even goes so far as to predict that artificial intelligence will cause a 35%
increase in productivity in the United States by 2035! While such predictions may raise doubts
about the size of future labor productivity gains, studies by a large number of institutions such
as the Organization for Economic Co-operation and Development (OECD, 2019), government
agencies, think tanks (such as Noél, 2018), consultants (Frontier, 2018) and academics
(Acemoglu, 2019; Frank et al., 2019; Korinek, 2019) on the impact of artificial intelligence on
work and income distribution point to the existence of a very large scale and deeply disruptive
phenomenon that has already begun to manifest itself. These studies identify sectors and jobs
at risk as well as winning sectors and potential new jobs. They also identify the public policies
that need to be put in place to mitigate the negative effects of this digital revolution and
catalyze the positive effects. The finding is that economies (and the actors, agents of these
economies) that will not adapt to this new technological and scientific revolution, and that
will not adopt these new technologies, will clearly be much less competitive. They will find it
very difficult to create wealth, which will also limit the means of their governments to support
those who will be very negatively affected by this great upheaval. This point of view is also
one of the highlights of the sectoral table of Canada’s economic strategies in agri-food, held
at the initiative of the Ministry of Innovation, Science and Economic Development, which
emphasizes the imperative “to invest in innovation and strengthen competitiveness through
increased automation and digitization” (Government of Canada, 2018).
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1.6. Digital Transition as a Lever for Environmentally Responsible Transition

The digitization of commercial, industrial, and agri-food activities makes operations and
processes more efficient and offers significant productivity gains. The digital world and the
world of artificial intelligence are going to impose themselves just as the first three
revolutions have ended up radically transforming economies and societies. The fundamental
characteristic of this fourth revolution stems from the fact that any digitization operation,
whether or not accompanied by the use of artificial intelligence, gives rise to the production
of data at all stages of the processes of creation, design, decision-making, manufacturing,
purchasing and distribution within the company, as well as between the company and its
customers and between the company and its suppliers; so everything can be identified,
measured and communicated. Data is essentially gold for the management and optimization
of activities in all industries and, by its very existence, it reduces information costs and
provides a level of transparency never equaled in the economy and society.

The supply chains of a digitized industry become transparent, as the traceability
of the ecological footprint of each stage of the production process is identified by
the data that digitization generates. This is where the link between the digital
transition and the ecological transition is made.

In a digital world, access to and exchange of information and data between the economic
agents of a factory, a company and even an industry are therefore radically modified. Indeed,
members of a board of directors as well as the regulators of an industry are now able to
request and obtain a much higher level of information granularity with respect to data,
information, and audit trails. This new context of transparency makes it easier to identify and
measure the positive and negative externalities generated by economic activity. The supply
chains of a digitized industry become transparent, as the traceability of the ecological
footprint of each stage of the production process is implemented by the data generated by
digitization. This is where the link between the digital transition and the ecological transition
is made (Poore et al., 2018; Brady et al., 2019; Kaan et al., 2017).

Even if this information is private, regulators and governments in general may, through
legislation or other means, require access to it. This means that the concerns of the public
(who will also push for this data) and governments about the impact of industrial, agricultural
and commercial activities on the environment, climate, public health, noise and scenic beauty
will be better addressed in a digital world as this information will exist and will be available.

This increased degree of transparency may induce a defensive attitude on the part of the
company, but, on the other hand, it may also incite it to seek a win-win solution for the private
and the public and thus find its own interest. Indeed, in a world of information sharing, the
regulatory approach to be favored will rather be the adoption of a joint risk management and
prevention program to reduce negative externalities and favor positive externalities. The aim
is then to move towards the concept of smart regulation (see Eisen, 2013; Zetzsche et al.,
2018; Saiz-Rubio et al., 2020).

©CIRANO2020

17



2. From Precision Farming to Digital Food Processing

2.1. The Demand and Supply of Digital Technology in the Agri-Food Industry

This great digital revolution is also going to
impose itself in the world of agriculture and
therefore be strong and urgent because 404, not primarily to reduce costs, increase
these technologies can help societies profits or make the land more fertile, but
meet these many challenges [...]. because the technologies it offers are becoming,
every day and in every country, part of the
solution to the problems and challenges of the planet and its people. In 25 years, according
to the United Nations (2019) the Earth will have more than 10 billion inhabitants, with an
ever-increasing urban population. If this increase in the number of consumers translates
mathematically into an increase in the demand for protein, it is salutary that this need is met
by a more diversified diet including more organically grown plants, less sugar, less lactose and
less carbohydrates. And this growing and diversified demand will have to be met at a time
when the world’s arable land area is not growing (Millman, 2015; Benke and Tomkins, 2017;
Gerbet, 2018; World Bank, 2020), when youth are less and less interested in agricultural
occupations (Fédération de la reléve agricole du Québec, 2011; Radio-Canada, 2017; British
Broadcasting Corporation, 2019; Rigg et al., 2020; Royer et al., 2020), that soil fertility is
declining for many reasons (Vanlauwe et al., 2015; Wood et al., 2017) and that drinking water
is becoming scarcer (World Wildlife Fund Canada, 2009; Leflaive et al., 2012). Moreover, these
issues are part of an environmental crisis since the consequences of global warming are
multiplying the frequency and amplitude of natural disasters around the world. All human
activities will be affected by these impacts; among them, food production is a major
contributor to greenhouse gas emissions and already suffers greatly from ecological
upheavals (Kaiser et al., 1993; Bélanger and Bootsma, 2016; Mahdu, 2019; Praveen and
Sharma, 2019; Alvi et al., 2020).

The demand for a digital revolution will

The demand for a digital revolution will therefore be strong and urgent because these
technologies can help societies meet these many challenges, and because they can contribute
to:

- Food supply for populations;

- Food safety and traceability;

- Facilitate the ecological transition of the agri-food sector;

- Make the industry more effective, resilient, and efficient for the benefit of all.
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All the types of digital industry players we identified in the previous section (1.4) are therefore
naturally present in the digital agri-food industry and are important players in its
development. We will find them around the following three main themes of intervention:

1. Precision agriculture and digital agronomy by which multiple data are collected and
transformed into valued information and management decisions;

2. Supply chain optimization, which aims to make all production, processing, and
distribution processes from farm to fork more efficient and robust;

3. Sustainable food support systems where environmental and ecological dimensions
are captured and analyzed.

These three themes are developed in the following pages.
2.2. Description of Technologies

2.2.1. Precision Farming

Precision farming, which consists of adopting the right growing practice on the
right soil at the right time and with the right intensity.

Sampling of agricultural soil characteristics began in the late 1920s, and it wasn’t until 1963
that Matheron, a Canadian scientist, proposed geostatistical methods to measure variability
in soil quality. For more than thirty years, discussions among experts focused on different
sampling methods until laser and satellite technologies created a paradigm shift (see Zhang
and Auernhammer, 2016). The first International Conference on Precision Agriculture was
held in Minnesota in 1992, two years before the US government approved the legal civilian
use of its military GPS (Global Positioning System) geolocation and navigation technology for
military purposes. The first satellite network was launched in 1994. Very quickly, several
agricultural equipment manufacturers offered farmers geolocation services that were initially
not very effective, but which benefited from numerous iterations and technological
improvements that perfected them. Today, even if the rate of adoption and use of these
technologies depends on each country, the agricultural subsector, and the size of the farm,
these systems have been greatly optimized and can equip the entire range of agricultural
machinery; then it became precision machinery. Note that the two main factors in the
adoption of GPS are farm size and income (Bélanger and Bouroubi, 2015; Royer et al., 2020).
It is for these reasons that Quebec farms remain poorly equipped: all sectors combined, in
2016, 16% of them adopted GPS (Boudreau, 2018).
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Figure 3 — Proportion of grain and oilseed farms using GPS technology (Boudreau, 2018)

Khosla and Mulla (2017) have documented the many innovations that have marked the
development of precision agriculture, which consists of adopting the right cultivation practice
on the right soil at the right time and with the right intensity. In addition to the role of soil
sampling and geolocation, these authors recognized the importance of several innovations
such as farming by soil, variable intensity fertilizers, variable rate herbicides, modulated
irrigation, remote sensing, autonomous navigation of tractors and farm equipment,
agricultural robotics and proximity sensing (UAVs) used by suppliers to optimize equipment
for seeding, spraying and harvesting. Numerous demonstrations of this precision agriculture
are highlighted in explanatory videos, for example the precision seed drills designed by the
equipment manufacturer by John Deere (see https://youtu.be/sYyzyKkNZWs).

Khosla and Mulla (2017) conclude their history of precision agriculture by arguing that it is
mainly technological innovations that have been significant since the beginning and not
innovations in information analysis and management and decision support systems. It is
primarily technological additions to farmers’ work equipment that should be retained, since
these analyses and decision support systems are not incorporated into the farming routine,
but are rather used by seed and fertilizer distributors, consultants, and industry equipment
manufacturers. Khosla and Mulla continue to anticipate an increasing use of digital and
robotic technologies in seed, spraying and harvesting equipment.

This dichotomous vision between farmer users of smart equipment and professional users of
the data produced by smart equipment dates from 2017. Although a foundation for
technological developments in the sector, Precision Agriculture is only one component of the
broader concept of digital agriculture, which includes not only the farm, the producer, his
tools and machinery, but also all the other players and forms a complex ecosystem.

©CIRANO2020

20



Digitization can also improve farmers’ working conditions and reduce the
environmental impacts of agriculture.

2.2.2. Digital Farming

While the digital revolution in manufacturing would have been so named in 2013, the
publication of writings related to the digitization of industry, agriculture and food began in
the late 1980s and will accelerate from 2016. While the literature concerning the agri-food
sector appeared later than the publications concerning the manufacturing sector, the three
key terms most used in these studies were sustainability, robotics, and the Internet of Things
(see Demartini et al., 2018). It is very recently, in 2018, that the concepts of digital agriculture,
digital agronomy and digitization of the agri-food sector have emerged strongly in scientific
publications, public policy, and traditional and social media. In April 2019, the European
Community issued its cooperation declaration on digital agriculture: A smart and sustainable
digital future for European agriculture and rural areas (EU, 2019). This declaration clearly
established the links between digital and the ecological transition of the agri-food sector. The
document lists the benefits and obstacles to the digitization of the sector and proposes
commitments by member countries to strengthen research in the field, establish
infrastructures favorable to innovation, create a space for European data to feed intelligent
applications for the agri-food sector while maximizing the impacts of these policies. In a
subsequent publication, Shaping the evolution/digital revolution in agriculture (EU, 2020), the
Commission is even clearer. We take the liberty of reproducing these few paragraphs of this
brochure, which are very convincing:

Supporting a Digitized and Data-Driven Rural Europe

Digital technologies can help European farmers to provide safe, sustainable, and quality food.
Not only do they allow farmers to “produce more with less”, but they can also contribute to
the fight against climate change. New and existing technologies such as the Internet of Things
(loT), artificial intelligence, robotics and mega-data can help make processes more efficient
and create new products and services.

Digitization can also play a role in improving life in Europe’s rural areas, as highlighted in the
Cork 2.0 declaration that the use of digital technologies will be increasingly vital for farmers
and other rural businesses to find sustainable solutions to current and future challenges.

The European Commission (EC) aims to digitize the activities of the agricultural sector and rural
areas in Europe and to build on this digital data. As part of the strategy for a digital single
market, the communication entitled “Going digital for European enterprises” sets out its
objective: to ensure that “every business in Europe, whatever its sector of activity, wherever it
is located and whatever its size, can take full advantage of digital innovations to improve its
products, enhance its processes and adapt its business models to digital developments. [...]”

Digitization for Agricultural Sustainability and Productivity

Today, many farmers are already using digital technologies such as smartphones, tablets, in
situ sensors, drones and satellites. These technologies offer a range of agricultural solutions
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such as remote measurement of soil conditions, better water management, and crop and
livestock monitoring. By analyzing the data collected, farmers can better anticipate likely
changes in crop patterns or animal welfare and health. This allows them to organize
themselves more effectively and efficiently.

The potential benefits of using digital technologies can include improved crop yields and
animal performance, optimized inputs, and reduced workloads, all of which can increase
profitability. Digitization can also improve farmers’ working conditions and reduce the
environmental impacts of agriculture.

Another advantage concerns agricultural data flows. Improving the flow of information
upstream and downstream of agri-food chains could bring many benefits to those involved,
including farmers and actors in distribution and retail trade. All consumers, researchers,
governments, and NGOs recognize the benefits of increased transparency. [...]

Encouraging the Use of Digital Technologies

Digital technologies are easily accessible, but farmers do not all use them in the same way in
Europe. This may be because many technologies require an initial investment and in some
cases few tests are carried out in real conditions and specific geographical locations. In
addition, these digital solutions are often considered complex, which may discourage their
adoption. [...]

The introduction and use of technologies require new skills and knowledge for farmers and
advisors. Awareness raising and training at the regional/local level is essential, especially to
reach small and medium-sized farms, where the use of digital technologies is not always
perceived as profitable.

The development of specific data analysis tools, with a particular focus on cost effectiveness,
can enable agricultural advisors to play a key role in informing farmers about digital
technologies.

Europe’s digital-ecological shift has had an impact on motivating researchers and industry
stakeholders to further explore these links between the digital farm, the digital agri-food
sector, and the ecological transition. The impact has been felt even in the Americas, as
evidenced by the publication of Basso and Antle (2020) entitled Digital Agriculture to Design
Sustainable Agricultural Systems, which is a real plea for a digital agriculture that goes beyond
short-term concerns about the profitability of precision farming and repositions it in the
service of sustainable development of the agri-food sector. In the week following its
publication in Nature Sustainability, Forbes magazine took up the essence of the two authors’
arguments (Kite-Powell, Forbes, 2020).

A group of Italian researchers (Bacco et al., 2019) has produced an excellent overview of
digitization activities in agriculture and the smart farm. This document is essential reading for
those who want to appreciate the benefits and barriers to digitization in the agricultural
sector, as it provides an inventory of current projects, particularly in Europe, but also an
overview of research activities, technology transfer models and tested methods to make
these technologies easier to adopt by industry stakeholders.
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In fact, Europe is an experimental laboratory for digital agriculture, and Quebec could draw
inspiration from it both in terms of public policies implemented and technologies deployed,
and in terms of business models and implementation and transfer tools.

One of the characteristics of the agri-food sector is the link between its ecological transition
and its digital revolution; this link is reinforced by the digital architecture models already
tested, such as the blockchain technology, which promotes transparency and facilitates trust
between industry stakeholders. Let’s take a closer look.

2.3. Spinoffs and Impacts of Digital Technologies on Agri-Food Chains
2.3.1. Supply Chain Optimization

In the 5 years prior to the breakup of COVID-19, North American consumers’ food
expenditures grew at a nominal annual rate of 4% (Felix et al., 2020); and was split roughly
equally between purchases in stores (grocery stores or supermarkets) and purchases in
restaurants, hotels, hospitals and schools. In Quebec, prior to the COVID-19 crisis this
proportion has not yet been reached, since nearly 65% of food demand is for retail versus
35% for food service (MAPAQ, 2019).

Then suddenly, the “side effects” of the coronavirus radically changed this proportion.
According to McKinsey (Felix et al. 2020), during the month of March 2020, in-store purchases
rose by 29% while those in food service companies dropped by 27%, causing numerous
cascading effects along supply chains: numerous cancellations on one side and a flood of new
orders on the other with the expected results of rising inventories on one side and supply
shortages on the other. All stakeholders in food supply chains were hit and, fortunately, apart
from epiphenomena and one-off issues (Felix et al., 2020; OECD, 2020), consumers were able
to satisfy their demand for food throughout the health crisis.

This health and economic shock, which has not yet subsided, forces us to recognize that not
only has the food service sector been heavily hit, but all stakeholders have realized the
paramount importance of robust and efficient supply chains.

In fact, the COVID-19 crisis accentuates supply chain issues that were already familiar to
producers, wholesalers, retailers, restaurant and hotel operators; the high degree of
complexity of the agri-food chain is leading to a widening gap between consumer demand for
detailed, verifiable and quality information and the ability of producers, processors and
distributors to provide this information simply, instantaneously and at low cost. The CIRANO
2018 Barometer (by Marcellis-Warin and Peignier, 2018) sheds light on the consumer’s
perspective, perceptions and expectations regarding online commerce and trade; in
particular, Quebecers do not find all the information they need on products when they store
online (40% lack information when they store online, while only 17% of customers lack
information when they are in-store). In either case, this lack of information could be
addressed with technologies that make use of QR codes.
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To understand how these technologies work, let’s take the example of a real estate
transaction. When a house is sold, the transaction is registered at the registry office, which
confirms that it did take place, at what price, and who was involved.

In many agri-food chains, information on compliance with government regulations or
procedures required by customers is still recorded on paper or in centralized databases |[...].

Before the transaction was completed, it was reviewed by a notary who checked other
records for the validity of the land registry, the name of the homeowner, etc.; the bank also
checked the buyer’s creditworthiness in its records and other credit files before granting a
loan. There are many different registers, and the function of each one is to certify the
truthfulness of the information contained in them so that transactions can be made with
confidence. The same real estate transaction performed by blockchain technology would be
instantly performed on a single registry shared by all agents involved in the transaction. The
veracity of this registry would be guaranteed by its transparency, as it would be totally
accessible and verifiable by all those who share it and could not be modified without the
consent of each of the parties involved.

The blockchain technology became known through Bitcoin and has since become increasingly
important in the financial and industrial sectors, but it is also attracting more and more
interest from governments (Moné, 2019; Owens, 2017). Many of these government initiatives
relate to areas such as currency and payment systems, real estate transaction recording,
public health systems, identity management, etc. (Moné, 2019; Owens, 2017). The
Government of Quebec has also announced plans to provide Quebecers with a digital identity
that will use blockchain technology.

In many food chains, information on
compliance with government regulations or
customer-required procedures is = still
health crisis, both on the domestic and (ecorded on paper or in centralized
international markets. databases, which leads to numerous
problems. The costs of handling this
information are high, these manual processes are inefficient and allow for fraud, corruption,
and errors, thus preventing or slowing down validation (Badia-Leis et al., 2015; Charlebois et
al., 2016; Dandage et al., 2017; Tian, 2017; Tibola et al., 2018; Soon et al., 2019). This makes
it costly to produce certificates of origin for the products or ingredients that have been used;
such manual processes are also associated with data loss and lack of tracking of payment
transactions. In such a context, it is impossible to meet consumer and wholesaler demands
for food safety (accessibility and availability), food quality (edible and health), food
sustainability (ecological footprint), origin (local content of products) and credible assurance
of supply in an efficient and resilient manner.

These consumer demands [for safety and
sustainability] have been amplified by this

These consumer demands have been amplified by this health crisis, both on the domestic and
international markets. Even more clearly, even if all Quebec farmers became champions of
precision agriculture, if they are not included in intelligent supply chains, they will be

downgraded by foreign competitors both on international markets and on their own domestic
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market. This realization of smart supply chains is now widespread, and the goal is to build
supply chain management processes that are transparent, auditable, and resilient. Modern
agriculture is therefore based on the implementation of production and data sharing systems
that, while protecting the privacy and confidential information of each stakeholder in the
sector, meet customer information requirements for traceability from the farm to the table.

Smart contracts are encoded contracts that trigger a series of events that are
automatically executed in the supply chain if certain predefined conditions occur.

For this reason, blockchain technology is increasingly emerging as the keystone to solving
food traceability issues, and as a major component in the implementation of intelligent supply
chains using intelligent contracts.

Smart contracts are encoded contracts that trigger a series of events that are automatically
executed in the supply chain if certain predefined conditions are met (Flores et al., 2020). A
smart contract can never be altered once it has been implemented in the system. If an error
has occurred and a change to the contract is required, all network stakeholders must be
informed, and all must approve the change. Figure 4 from Flores et al., 2020 illustrates an
example of a smart contract between an association of rice producers and their distributors.
In this example, there are 6 steps in the execution of the contract that are automated and
increase mutual trust between stakeholders.

@ A uses an intelligent contract to ﬁ

control and track the transfer - .\}
> 6-1

IN" 852225 * ﬁﬁ @

@ B uses the smart lock code to
The smart contract is verified unlock the delivery note
[ . @ by each node ® °®

— X% -5t

Property is transfered A transfers ownership of the O
product and money to B

= @ In return for a $ payment, B
A- #’s transfers the rights to the product
o' G .‘,." from its block string address 418932

Figure 4 — Smart contract model for agri-businesses (from Flores et al., 2020)

Figure 5, also borrowed from the same publication, illustrates a blockchain model of supply
chain participants.
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Figure 5 — Security of transactions with the blockchain (from Flores et al., 2020)

Although the scientific and technical literature has been quick to identify the blockchain as
the desirable type of technological architecture for the digitization of agri-food supply chains,
it must be recognized that we are at the very beginning of the commercial application of this
technology. Let’s look at three examples. One of the best-known applications is the IBM Food
Trust, which has been tested, among others, with the participation of Walmart to track the
origin of mangoes. According to the test, identifying the origin of mangoes can take up to 7
days without such a system, while the IBM Food Trust (ibm.com/blockchain/solutions/food-
trust) identified the origin of the mangoes in 2.2 seconds. Provenance
(provenance.org/tracking-tuna-on-the-blockchain) is another company that promotes a
blockchain type traceability system for fish; each fish is identified by a unique digital tag that
contains all the information about the path taken by the fish: fishing, packaging, transport,
storage, etc. In Quebec, such projects exist but are still very rare, such as the joint initiative
of Agri-Tragabilité Québec and the Beef Quebec program (https://www.atq.qc.ca/fr/accueil/I-
actualite-en-revue/513-la-chaine-de-blocs-sera-testee-dans-l-agroalimentaire-d-ici). Below,
Table 1 presents a list of companies and commercial products using blockchain technology in
the agri-food sector.
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Table 1 — Companies and websites promoting blockchain solutions for agricultural sector supply chains (from Demestichas et

al., 2020)

Company or Commercial Product

Website

AgriChain
AgriDigital

AgrilLedger
ATQ et Beeuf Québec

arc-net
Blhler Smart Supply Chain
Connecting Food
Demeter
DOWNSTREAM
Etherisc
Fishcoin
Honeysuckle White
IBM Food Trust

Provenance from Shore to Plate

Ripe.io
TE-FOOD

Worldcovr

https://agrichain.com

https://www.agridigital.io

http://www.agriledger.io/about/

https://www.atg.qgc.ca/fr/accueil/l-actualite-en-revue/513-la-chaine-de-

blocs-sera-testee-dans-l-agroalimentaire-d-ici

https://arc-net.io

https://digital.bruhlergroup.com/smartsupplychain/

https://connecting-food.com/

https://demeter.life

https://www.down-stream.io

https://etherisc.com/

https://fishcoin.co

https://www.honeysucklewhite.com

https://www.ibm.com/blockchain/solutions/food-trust

https://www.provenance.org/tracking-tuna-on-the-blockchain

https://www.ripe.io

https://tefoodint.com

https://www.worldcovr.com/

Finally, it should be noted that Kamilaris et al. (2019) listed several projects for the
implementation of blockchain technology, specifying their level of maturity (from concept to
integration into operations) and the needs of the agricultural commodity chains concerned.
Clearly, the benefits of these new technologies are potentially very great, as the following
representation (Figure 6), from a white paper published by the Ukrainian consulting firm
Intellias (2020), illustrates very well.
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http://www.agriledger.io/about/
https://arc-net.io/

Use case of a borderless ecosystem for
AgriTech companies and farmers

Data collection, mapping, and weather monitoring

+ Collect data for further processing: mapping data, aerial and satellite
images, soil measurements, GIS and GPS localized data

Collect, store, and use this data to project crop yields, irrigation, ferti-
lization, harvesting, and get prepared for protection from dangerous
weather

Al algorithms, analytics, and cloud computing

+ Transform input data into actionable commands through training on
previous and newly acquired data

* Recognize patterns and apply rules for the economical use of resources

* Build projections in near-real-time and send commands to automated
machinery, drones, and robotics equipment

Robotics, drones, and autonomous machinery

+ Execute Al-based commands built on data

Machinery can start harvesting on command, guided by a navigation
system with a predetermined path

Autonomous tractors can reroute their paths in real time using auto-
steering based on weather changes or new predictions from the Al system
Self-driving farm machinery may prove more reliable than self-driving
cars as this machinery operates in less risky environments that are easier
to predict and contain fewer obstacles than busy city streets

Drones and robots can start irrigating or harvesting, navigated by

-

precision maps
Al can control climate conditions for indoor farms, recognizing crop
yields with image and video processing algorithms

Traceable supply chain, blockchain, and delivery

Track the quality of products

Producers can mark seeds and products with QR codes.

Distributed ledger technology can provide traceable and transparent
data on food origins at each stage of the supply chain, while delivery

companies carry products to retailers’ shelves

Accessible payments, sharing economy, transportation

+ Provide easier options to pay

* Smart contracts can be made available as a payment option for small
farms to make rent of equipment affordable to farmers without advanced
prepayments

+ The sharing economy breaks into agriculture, providing easy ways to
share equipment and heavy machinery between farms and fields

+ New route optimization solutions for heavy machinery transportation
assist in delivery, considering all risks along the way

Figure 6 — lllustration of a borderless ecosystem for business and farmer integrators (from Intellias, 2020)

2.3.2. Sustainable Food and Local Origin of Goods

The example of Patates Dolbec illustrates very well how the experience of merchants and
consumers is greatly enhanced by the digitization of the company. Indeed, thanks to the
numerous data resulting from digitization, the traceability of the product from farm to table
is complete and provides an unequalled level of transparency to consumers and merchants.
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Thanks to the use of simple barcodes, they can know the exact origin of the product.
Moreover, the producer has perfect control over the quality of his product and can, if
necessary, recall a particular batch of potatoes, because he knows who bought what, when,
and from which batches the potatoes came. The scientific literature is burgeoning with
examples of food and manufacturing companies that have already integrated such
traceability practises (see Wolfert et al., 2017; Petrillo et al., 2018; Poore et al., 2018; v.
Schonfeld and Bittner, 2018; Bach and Mauser, 2018; Saiz-Rubio and Rovira-Mas, 2020).

In addition to tracing the origin of products (see Rousseau’s Blue Basket and CIRANO, 2020),
digitization provides a wealth of data that would make it possible, in principle, to measure
the relative importance of local and imported inputs at each stage of the production,
processing and distribution processes. But how can all economic activity be digitized in such
a way as to capture this immense amount of data, and share it in a standardized and secure
way between consenting stakeholders, while respecting the confidential and strategic nature
of personal data and that of sometimes competing companies? This is where decentralized
distributed registry technologies (the chain of blocks) come into play (Fernandez-Caramés et
al., 2019; OECD, 2019).

More recently, the application of this technology to the agri-food sector has spread so that
we can now refer to very educational presentations of this application (Stefanova et al., 2019)
as well as overviews of the many implementation projects around the world (Kamilaris et al.,
2019). The document e-Agriculture in action — Blockchain for agriculture: opportunities and
challenges produced in 2019 by the Food and Agriculture Organization (FAO) and the
International Telecommunication Union (ITU) provides an excellent analysis of the blockchain
technology, its different variants and the challenges associated with its implementation
through an overview of several digitization projects currently underway in the agri-food
industry.

The great advantages of this version of blockchain technology are transparency, speed,
efficiency, robustness, and safety.

It should be noted at the outset that on a blockchain platform, the information would be
recorded on highly secure registers that would protect the confidentiality of the information
of the companies and individuals involved, due to the type of network used. In the world of
distributed registry technology, there is a fundamental distinction between public, private,
and federated networks (Casino et al., 2019). In the context of the application of this
technology to agricultural and agri-food chains, the chosen network would normally be
private or federated because these types of networks are more secure than public networks
and allow stakeholders, buyers and sellers, to know each other. In addition, these types of
networks are very efficient, less energy intensive and able to approve transactions and
information almost instantaneously. However, since the federal and provincial governments
— if only because of their role in food regulation — would be stakeholders in all these private
networks, the governance and management mechanisms would make them federated
networks.
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The major advantages of this version of blockchain technology are recognized here as being
transparency, speed, efficiency, robustness, and safety. The implementation of this
technology, however, requires an approach that mobilizes all components of the ecosystem
of the food supply chain under consideration where the decentralized distributed registry will
be applied. In an ideal scenario:

- Governments would be leaders in the adoption of this technology;

- Industries would use the technology first to optimize their supply and distribution
chains;

- Civil society would come to accept and trust him if it is convinced that it respects the
privacy of individuals.

This is, fortunately, a strong point of this technology used in a private or federated network
(thus this characteristic will avoid, for example, that competitors will be able to calculate the
profit margins of the other companies that will participate in this private and federated
network).

In addition, in the context of the health crisis, the growing concern of consumers and
distributors about the quality and safety of the food and products they buy, as well as new
rules governing international trade treaties, the countries importing our products, food and
services are increasingly demanding full traceability of the goods we offer them. Our
international clients, like Quebecers, want to know the origin and exact composition of the
inputs used to produce the goods and products offered to them. The digitization of agri-food
activity using shared registry technology is an essential step in their traceability.

In 2020, managing an agri-food, manufacturing or service business necessarily implies
managing an increasingly technological business and therefore the technological risk is added
to the usual financial and business risks. Managers and their shareholders must therefore
decide on the degree of digitization, connection, automation, and the level of security they
wish to implement in order to remain competitive and ensure the sustainability and growth
of their company. This new business paradigm, full of promise, allows for a renewal of the
ways in which goods and services are created, produced and distributed, but it also imposes
a cultural, organizational and financial shift that requires boldness, risk taking, more capital
and the hiring of new skills.

While there is no doubt that the digitization of the agri-food sector will be extremely
beneficial in many ways, there are several challenges and obstacles to its realization. The next
section of this paper focuses on these barriers.

Every digitized manufacturing and agri-food activity and every digitized service process
remains in continuous communication with other objects and other agents so that data
is constantly being produced and exchanged. Data becomes gold for understanding
issues and making decisions.
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The Importance of Data

The entire world is at the heart of a digital and scientific revolution, and customers in
Quebec as well as those in the regions and countries where we export expect high-quality
products and service adapted to the digital age. Advances in Industry 4.0 and digitization
are redefining corporate supply chains and optimizing production processes while shifting
the sources of value creation. Every digitized manufacturing and agri-food activity and
every digitized service process remains in continuous communication with other objects
and other agents so that data is constantly being produced and exchanged. Data becomes
gold for understanding issues and making decisions. This data production has and will grow
dramatically as all sectors of the global economy become digitalized and as blockchain,
artificial intelligence, virtual and augmented reality technologies become more
widespread. The number of interconnected objects already stands at 25 billion and is
expected to triple by 2025! This is the main source of productivity growth in the years to
come. This revolution will take a quantum leap when 5G communication technologies are
deployed, as data collection capabilities will be almost infinite and data transfer will be
exponentially faster (Burke, 2019; Pansanen et al., 2020).
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3. Challenges and Barriers to Digitization in the Agri-Food Sector

The digitization of the agri-food sector is a marathon that has just begun and where runners
benefit from continuous improvements in science, new technologies and each other’s
experience. But it is also an obstacle course. By far the most important issue at stake is the
connectivity of Quebec’s agricultural territories. It is followed by the other digitization
challenges in the world that can be grouped into two broad categories, as Bacco et al. (2019)
do: technical challenges and non-technical challenges that are more of an organizational and
cultural nature.

3.1. Connectivity in Agricultural Territories: An Alarming Situation

The first technical challenge in digitizing Quebec’s agri-food sector is undoubtedly the fact
that many farms do not have access to Internet service and that in too many regions high-
speed connectivity is not available or not efficient. As documented in Appendix 1, it is
estimated that one quarter of Quebec farmland does not have adequate Internet connectivity
(unserved or underserved). In fact, this finding becomes even worse when considering the
Canadian Radio-television and Telecommunications Commission (CRTC) connectivity criteria:
nearly 70% of the agricultural land described as “well served” actually has measured speeds
below the minimum threshold (upstream flow).

One quarter of Quebec’s farmland does not have adequate Internet connectivity
(unserved or underserved). In fact, this is even worse when considering the connectivity
criteria of the Canadian Radio-television and Telecommunications Commission (CRTC):
nearly 70% of the farmland qualified as “well served” has measured speeds below the

As documented in the Digital Ubiquity Capital report (reproduced in Appendix 2), the
challenge of connectivity in agricultural areas in Quebec is significant. Connectivity criteria
established in Canada by the CRTC require a minimum wireless service speed of 25 Mbps for
downloads (upload) and 5 Mbps for uploads (download). For wireline infrastructures, the
minimum capacity must be 50 Mbps for downloads and 10 Mbps for uploads.

Applying these CRTC criteria to the geographic data in the Reported Agricultural Parcel and
Production Database (RAPPD), Digital Ubiquity Capital’s experts came to three conclusions:

1. More than 23.4% of Quebec’s agricultural land is in areas that are unserved or
underserved in terms of connectivity;

2. Of the 76.6% of farmland located in areas considered well served under CRTC
criteria, data from connectivity tests conducted by the Canadian Internet Registration
Authority (CIRA) show that 68.3% of farms in these areas actually receive Internet
service below the minimum 25 Mbps download criteria;

3. Of the 23.4% of farmland located in unserved or underserved areas, 93.3% of these
farms receive Internet service below the minimum 25 Mbps criterion, again according
to CIRA’s tests.
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Table 2 — Internet Connectivity and CIRA Performance Tests on Farmland in Quebec (from Lemay and Digital Ubiquity Capital,

2020
P i f i RT
Agricultural Land Connectivity Proportion of territories roportlon of region category (CRTC)
Category (CRTC) (CRTC) with speed measurements (CIRA)
gory below 25 Mbps (upstram)
Well-served areas 76,6% 68,3%

Unserved or underserved
areas

23,4% 98,3%

Note : Digital Ubiquity Capital’s document is available in Appendix.

As indicated by the CRTC, the minimum level of connectivity of 25 Mbps — while perfectly
adequate to allow citizens to access e-mail and participate in teleconferencing sessions — is
insufficient for the technological requirements of precision farming, cloud computing and
digital agriculture. Indeed, digital agricultural applications increasingly require symmetrical
upload and download capabilities where upload and download Internet speeds are similar.
This symmetry has become

essential for applications involving Digital agricultural applications increasingly
data analysis, teleconferencing with
partners, application updates and
the transmission of information
collected for real-time verification.

require symmetrical upload and download
capabilities with similar upload and download
Internet speeds.

3.2. Technical Challenges

It is now clear that the digitization of agri-food requires the use of almost all the technologies
associated with the digital revolution such as sensors, RFID, the Internet of Things, mega-data,
robotics, drones, remote sensing, cloud computing, artificial intelligence, low frequency
communication networks, etc. Similar to Patates Dolbec’s digitization approach, the Smart
Farm and its digital supply chain ecosystem require a network of sensors, automated control
systems, satellites for location, warehouse capabilities, data analysis skills and multifunctional
UAVs.

However, the complexity of the agricultural environment often poses technical challenges.
For example, sensor networks must be able to withstand wide variations in temperature, be
placed at different depths in the soil, be able to transmit data accurately, limit energy costs,
and not require frequent maintenance. This sensor challenge also exists for animal
traceability, as too often the identification tags on the ears of animals are lost in the field. In
many agricultural sectors (e.g., small fruits and vegetables, chicken, or milk), there are no
serious problems associated with sensors.
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It should be remembered that once captured,
these data must be communicated on the
Internet networks of the objects which are then
solicited from the point of view of their capacity,
the supply chain networks. security and protection of private data
belonging to producers or processors. The
guestion of the ownership of these data is then raised as well as the rights of use of these
data for the stakeholders in the supply chain networks. Trade-offs arise between retaining
data for competitive protection and sharing data for access to the best industry findings and
practices. Each supply chain must, in fact, adopt a policy on data ownership and sharing.

The question of the ownership of this
data is then raised as well as the rights
to use this data for the stakeholders in

Once the barriers associated with data capture, proper and efficient data transmission and
ownership are removed, the analytical tools and systems must be built and integrated with
other digital platforms on the farm, in the processing plant or in the supply chain. This is where
the incompatibility between solutions offered by different vendors becomes another critical
technical issue. The CIRANO report on digital agriculture addresses these issues of
interoperability, standardization, autonomy, and independence of farmers with respect to
their technological choices (see Royer et al., 2020). This enumeration of technical challenges
isincomplete, and these obstacles could be further explored. Bacco et al. (2019), Demestichas
(2020), Kamilaris (2019), and Kosior (2018) do indeed make a more complete census.

In practice, the digitization and blockchain projects underway in the agricultural world are
open-air laboratories, and they show that some agri-food chains are easier or more
straightforward to digitize than others. It also shows that technologists succeed over time and
with the necessary investments to meet the technical and technological challenges. These
discoveries become available quickly in the form of new commercial applications that are
then purchased and implemented by those who are already running the marathon of
digitizing their agri-food sector.

Security and privacy
Rights of use, licensing
Property

Reliability and robustness for data collection
and delivery

Financial support

Non-financial support >

Cooperative agriculture

Cloud computing and future developments at the

Existing equipment to modern market place and cutting edge of technology (e.g. quantum computing)

infrstructure ready for smart farming practices

CHALLENGES NETWORKS

Open and secure platforms Improved coverage and high-speed network access

Use of engaging, user-friendly approaches, such
as using natural language

Improved analytical skills and techniques

INNOVATIVE

Reconciliation of analysis and decision-making units to
TOOLS INFORMATION

data

Precise control for external data //

Figure 7 — Key challenges of digital agriculture (adapted from Bacco et al., 2019)
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3.3.  Organizational and Cultural Challenges

In Quebec, the organizational and cultural challenges and obstacles to the digitization of
agri-food are very present; they are not different from those identified elsewhere in the
world, particularly in Europe, where public policy has made the digitization of the agri-
food sector a priority.

Precision agriculture, which is manifested by sophisticated and intelligent agricultural
equipment in fields, barns, or slaughterhouses, is well present in a few sectors that in Quebec
show good profit margins such as milk or chicken. In addition, in the sectors where traceability
is imposed by regulation (see Agri-Tragabilité Québec) we also find components or initiatives
of digitization. But as we established earlier, precision agriculture, although indispensable, is
not sufficient to digitize the sector, because it is the ecosystems of each sector that must be
digitized in order to meet the quality, health, traceability and sustainability requirements of
customers.

In Quebec, the organizational and cultural challenges and obstacles to the digitization of the
agri-food sector are very present; they are no different from those identified elsewhere in the
world, particularly in Europe, where public policy has made the digitization of the agri-food
sector a priority.

In fact, the observation made by observers (Bacco et al., 2019) can be summarized in three
types of non-technical challenges:

1. The first concerns investments arising from the need to depreciate more rapidly
equipment and software that is no longer compatible with new technologies; this
involves financing new technologies and new, more modern equipment.

2. The second relates to the challenges related to the implementation of new tools
and staff training while seeking to promote the most pedagogical approaches to data
sharing issues.

3. The third concerns the development of financial incentives and non-financial
support programs that governments must put in place to encourage the digital
development of each sector.
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Conclusion and Recommendations
The major strategic objectives considered by MAPAQ are:
1. Promote local purchasing;
2 Increase the food supply from Quebec producers;
3. Strengthen supply chains;
4 Accelerate the greening of the agri-food sector.

These major strategic objectives are highly relevant because they are fully aligned with the
expectations of Quebec consumers who are looking for quality food that is good for their
health and whose origin they can identify in order to eat more locally and reduce the
ecological footprint of their consumption habits. Quebecers, like export customers, also want
to be able to count on robust and resilient supply chains. These objectives are also compatible
with the needs of foreign consumers who want to trace the origin of the food they are offered,
as well as being able to verify the ingredients and processes used to produce it. These new
expectations are widespread here as elsewhere and have been amplified by this pandemic,
which has heightened the need for food safety and quality.

To achieve these objectives, it is essential and unavoidable to produce information that is
verifiable and accessible to all stakeholders in an agri-food sector; this information can only
be obtained from data resulting from the digitization of food production, processing and
distribution processes. Agri-food data is gold, the gold mine is this agri-food ecosystem and
its digitization is the only way to extract the ore. It is essential for all the players in the
agricultural production chain to understand that the core of their business is no longer just
food production, but also, and perhaps above all, that they are data producers. To this gold
mine will naturally be added the “foundry”, i.e., the fabric of young technology companies
that are and will be experts in the valorization of these data. Developing this know-how can
only be done by stopping the leakage and monopolization of data by third parties, as well as
by promoting their openness and sharing. Quebec’s food sovereignty and the implementation
of sustainable agriculture are therefore conditional on the guarantee of agri-food data
sovereignty and the establishment of a sustainable data governance model.

Digital is not a sector of the economy or agriculture, but an industrial revolution that is a must
for Quebec, as it is for all societies.

A very good example of how traceability works in a world based on a blockchain architecture
is the one that European food and mass retail giant Carrefour applied to the chicken sold in
its hypermarkets (see https://youtu.be/79qdAutt-Fg). In this example, the consumer has
quick access to a multitude of information via his smartphone by simply reading the QR code
(Quick Response code), which takes him directly to a portal dedicated to traceability. The
consumer is informed of all the relevant details concerning the location of the breeder and
the history of the chicken’s breeding and the ingredients that fed it; he also learns about the
chicken’s journey from the hatchery to the slaughterhouse as well as its transport to the
warehouse and to the point of service.
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Armed with this information, the consumer can decide to make this local and good quality
purchase (objective No. 1). The French producer is likely to see his competitive ability
improved because the data about his product is now digitized; this data is accessible to all
consumers and his products are now listed on a digitized supply chain. With the QR code, he
will be able to provide his consumers with a personalized customer experience such as
agritourism activities, recipes, bulk purchases, etc. (target No. 2). All stakeholders involved in
the blockchain set up by Carrefour see their supply chain strengthened because, both
upstream and downstream, secure data enables all stakeholders to optimize their links with
their suppliers and distributors: in the event, for example, that one of the nutrients used in
the feed of a batch of chickens turns out to be of poor quality, it will be easy for all the players
in the chain to make a specific recall of the contaminated batch concerned because the
number of each chicken and each batch appears on the invoices of distributors and consumers
(objective No. 3). Finally, thanks to the QR code, it is possible to provide all the data to
measure the ecological footprint of each chicken by identifying the costs of energy used,
transportation costs and other relevant information from the analytical tools and multiple
sensors installed in the farmer’s intelligent hatchery (objective No. 4).

If the digitization of agri-food chains is the key to achieving the four major objectives aimed
at advancing Quebec’s agri-food sector, it is also an essential defense strategy to ensure the
survival of distribution networks in our own domestic market and to enable our producers to
move their products through the supply chains of external markets.

The first section of this document was devoted to a long presentation on the new business
models of the digital world and the new industrial dynamics that are shaking up its
manufacturing and distribution. This section is an integral part of the argumentation. It was
explained in this first section that Amazon, Walmart, and a few others were in fact becoming
platforms of platforms. Amazon’s purchase of Wholefoods is not the purchase of a food
provider for Amazon’s customers, but the integration of a customer that will allow Amazon
to understand, develop and optimize its platform for serving food retailers, whether they are
owned by Amazon or a competitor of Wholefoods. It is to be expected that Amazon will soon
offer its platform services for grocers as Amazon already offers distribution and supply
management services for a very large number of hardware stores, bookstores,
manufacturers, etc.

How will the major food chains in Quebec and Canada react when Amazon, which already has
14 grocery customers in Canada, will be able to offer them effective, efficient, and
competitive distribution and supply management services? To a lesser degree, Couche-Tard
is also an example of this new industrial dynamic. Why is Couche-Tard so successful? It’s
because every day it is becoming an increasingly effective and efficient platform to serve and
serve convenience stores around the world!

[Digitization], an essential defense strategy to ensure the survival of distribution
networks in our own domestic market and to allow our producers to move their products
through the supply chains of external markets.
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We already know that Quebec is not home to any major manufacturers of precision
agricultural equipment or robots that have begun to invade the agri-food sector (nor Canada,
for that matter). These machines, equipped with sensors of all kinds, record billions of pieces
of data every day in barns, fields, and slaughterhouses. While some of this data is being used
to make our farmers, slaughterhouses, and food processing plants more efficient and
effective — and that’s good — these same machines are potentially transmitting data to their
designers. In a digital world, the lifeblood of economic warfare is the ownership of all this
data that feeds into the machine learning algorithms that will be used to optimize operations
and distribution chains. If food distribution and the data it produces on consumer preferences
and lifestyles come under the effective control of the digital giants, it will become very difficult
for Quebec to implement agricultural policy objectives. All this also becomes very paradoxical,
given the advantageous strategic position of Quebec and Canada in artificial intelligence!

The concepts of food sovereignty, food
self-sufficiency or food autonomy in a
digitized world become very relative
concepts if digitization is done entirely by
manufacturers of intelligent machinery
controlling food production data and by digital giants controlling distribution data. Therefore,
the sovereignty of agricultural data is a sine qua non-condition for Quebec’s food sovereignty,
requiring the rapid development of a strategy to avoid the loss of these “computerized
commodities”.

In a digital world, the nerve center of
economic warfare is the property of all this
data that feeds the machine learning

One of the major challenges of digitization is not only the ownership of data, but also the
protection of privacy and liberties. On this subject, the federal government recently published
a statement of its policy on the subject (Government of Canada, 2020) which should provide
food for thought for the Quebec agri-food sector.

Many deplore the fact that digitization and robotization are destroying jobs and accentuating
inequalities. It must be recognized that technological changes, while increasing productivity,
make winners and losers; therefore, it is essential that public policies accompany these
technological changes with training and transition programs for the workers who will be the
victims. Several companies are successfully making the digital transition by retaining the staff
they train to work with new technologies: the case of Patates Dolbec is a good example. This
issue of available continuing education, adequate initial training, and recruitment of the next
generation of agricultural workers is another crucial element in the success of the sector’s
digital transition. The training and retention of experts in automated systems design and data
analysis in order to develop technological solutions for the Quebec agri-food industry is
another element to consider.

The concepts of food sovereignty, food self-sufficiency or food autonomy in a digitized
world become very relative concepts if digitization is done entirely by manufacturers of
intelligent machinery controlling food production data and by digital giants controlling
distribution data.
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That is why the solution is not to reject this change; there is no point in waging war on it;
rather, we need to make it an ally, otherwise our ability to remain competitive and sell in
external markets and even in our own markets will be reduced to the point of being the losers.
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The digitization of Quebec’s agri-food industry is therefore an indispensable and
unavoidable lever for achieving MAPAQ’s major objectives. To achieve these objectives
through the digitization of the sector, we propose the following five recommendations.

FIVE RECOMMENDATIONS

First Recommendation

Make digitization of the agri-food sector the priority of MAPAQ's strategic plan, both to
attack domestic and international markets and to enable producers and distributors to defend
their share of domestic and international markets.

Second Recommendation

Guarantee access to high-speed Internet services throughout Quebec. This is an essential
condition for the digitization of the agri-food sector. By applying these CRTC criteria to the
geographic data in the Reported Agricultural Parcel and Production Database (RAPPD), Digital
Ubiquity Capital’s experts have come to three conclusions:

More than 23.4% of Quebec’s farmland is in areas that are unserved or underserved from a
connectivity perspective.

Of the 76.6% of farmland located in areas considered well served according to CRTC criteria,
data from connectivity tests conducted by the Canadian Internet Registration Authority (CIRA)
show that 68.3% of farms in these areas actually receive Internet service below the minimum
25 Mbps download criteria;

Of the 23.4% of farmland located in unserved or underserved areas, 93.3% of these farms
actually receive Internet service below the minimum 25 Mbps criterion, again according to
CIRA’s tests.

This situation is urgent, and its resolution is essential for the digitization of Quebec’s agri-food
sector.

Third Recommendation

Establish an inventory of the agri-food sector from the point of view of digitization for each
sector. This work has already been initiated in CIRANQ’s study Les enjeux du numérique dans
le secteur agricole — Défis et opportunités, and should be continued in the same vein. This
inventory should make it possible to classify the agri-food sectors according to their degree
of access to high-speed Internet, according to regulatory and market requirements
concerning traceability, the degree of digitization of the sector, etc. Establish an order of
priority of the sectors to be digitized according to costs and benefits.
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Fourth Recommendation

To create with the agri-food sector and academia a monitoring center for agri-food
blockchain technology implementation projects around the world, with priority given to
projects that are the most relevant according to the order of priorities selected by MAPAQ.
Initiatives, proofs of concept and implementations in Europe (such as Connecting Food,
https://youtu.be/Yy2b2VBsrag) or the United States (see Arkansas Blockchain Technology
Summit, 2018) will be highly relevant.

Fifth Recommendation

Mobilize a team of experts to support the MAPAQ in its strategic approach to implement
blockchain technology for the digitization of Quebec’s agri-food industries. Adapting the
agri-food sector requires a spiral approach. Digitizing the agri-food sector is a bit like building
a spiral staircase in the middle of an already built multi-storey house! Having electricity
everywhere in the house will be essential (high speed), the inventory of fixtures will be crucial
(knowing the channels) and seeing what has been done elsewhere is paramount (project
monitoring). The staircase model is the spiral staircase because it is a customer requirement
(transparency and data security require blockchain technology). Just like building a house, it
is therefore necessary to involve experts and be accompanied by specialists in information
and digital technologies. Adapting Quebec’s agri-food sector by adopting an approach using
blockchain technology requires the skills of experts to build the desired architecture, develop
the digitization plan and carry it out with the industry over several years.
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DIGITAL UBIQUITY CAPITAL
Digital Ubiquity Capital provides differentiated investment solutions, including

partnerships with leading national and global investors, aimed at bridging the
digital divide in Canada’s regions.

Our intelligent platforms and replicable structures draw on global best practices
to evaluate connectivity projects, isolate risk and share value while ensuring the
expected return on investment.

For more information about this report, please contact:

Mathieu Lemay, Chief Strategy Officer and Cofounder
mlemay@digitalubiquitycapital.com

Direct line: 819-319-2945

Digital Ubiquity Capital

or

Marc-André Nadeau, CF, CEO and Cofounder
mnadeau@digitalubiquitycapital.com
Direct line: 514-979-3111
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Methodology

This summary study was produced using the following data sources:

> Industry Canada’s national broadband database (National Broadband
Data)
Parcels and Reported Agricultural Productions Database (BDPPAD)
Empirical measures of CIRA (Internet Performance Test) compiled by
currently connected Internet users in Canada.

>
>

These data, once aggregated, made it possible to infer certain general statistics
regarding, on the one hand, the availability or unavailability of connectivity for
parcels of agricultural land in Quebec and, on the other hand, the speed of such
connectivity if it exists.

These data do not, however, make it possible to accurately identify the nature
and type of farming operations or the exact number of farms served or not
served by connectivity.

We would be pleased to provide additional information if required.
[Signature]

Mathieu Lemay
Chief Strategy Officer and Cofounder
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Highlights

Connectivity criteria established in Canada by the CRTC require a minimum
download speed of 25 Mbps (upload) and a minimum upload speed of 5 Mbps
(download) for wireless services. For wireline infrastructures, the minimum
capacity must be 50 Mbps download and 10 Mbps upload.

Given that agricultural parcels are generally served in Quebec by connectivity
networks using wireless technology, we will use the criteria of 25 Mbps
download (upload) and 5 Mbps upload (download) as reference objectives.

Taking into consideration these criteria and the data collected from the data
sources listed above, we can conclude that approximately $23.4 of farmland in
unserved or underserved areas in terms of connectivity does not meet the
minimum criteria set by the CRTC.

We can also conclude that while 76.6% of the farmland is located in areas
considered well served under the CRTC criteria, the more accurate empirical data
from the connectivity tests allow us to conclude that 68.3% of these farms
receive service below the minimum 25 Mbps criterion.

As indicated by the CRTC, the minimum connectivity level of 25 Mbps, while
adequate to allow citizens to access their e-mail and organize video conferencing
sessions in a limited way, is not sufficient to allow access to new technologies in
precision agriculture, especially applications requiring a cloud-computing
platform that has now become the standard in the agricultural world.

In the end, we can conclude that based on empirical data from agricultural plots
located in unserved or underserved areas, 93.3% of the tests do not meet the
minimum 25 Mbps download speed. In this respect, it is important to point out a
second issue: technological applications in the agricultural field increasingly
require “symmetrical” download and upload capacity, i.e. where download and
upload speeds should be similar. As an example, this symmetry has become
essential for applications that allow, among other things, the analysis of data by
third parties (customers, suppliers, subcontractors, etc.), teleconferences, the
exchange of large technical documentation and, finally, the transmission of
information collected for real-time verification purposes.
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Maps and Data

The green areas represent served agricultural plots with a minimum of
25 Mbps/5 Mbps while the red areas represent unserved or underserved
agricultural plots.

Precise statistics regarding the presence or not of connectivity for each of the
regions and sub-regions of Quebec as well as the quality of this connectivity, if it
exists, are available and can be provided upon request.
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Conclusion and General Findings

Although preliminary and cursory, the general findings in this report allow us to
conclude beyond any doubt that the poor access to and quality of connectivity
for agricultural parcels located in Quebec does not meet the minimum criteria
set by the CRTC.

The problem of access to quality connectivity significantly limits farmers’ ability
to deal with the technological changes that are accelerating in their industry and
directly affects their ability to create the value essential to maintaining and
developing their activities.

The problem of access to quality connectivity is particularly true for regions
located in Abitibi, the northern Outaouais and areas bordering the US border. A
granular analysis of the available data could be useful to guide any national
strategy more accurately in this regard.

End of Report

Mathieu Lemay
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