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Agricultural life in Europe has changed 
radically since the 1950s. Then, the 
typical farming family ate fish on 
Fridays and meat once a week, if 
they could afford it. Family sizes have 
changed too. In the early-to-mid-20th 
century, a father, mother, and five-to-
seven children was the norm. Labor 
was divided along traditional lines: the 
father grafted on the cash crops while 
the mother ran the household. She 
managed the kitchen garden, growing 
potatoes, vegetables, and fruit for daily 
consumption. Any surplus would be 
pickled for the winter. The family kept a 
pig or chickens for occasional meat and 
eggs. After the harvest, they kept one 
part of the flour milled from the grain, 
while some went to the baker, and the 
miller received the rest. These were 
the simple, bare necessities of life. 

Today, we worry about sustainability, 
consumerism, and global warming.  
When did it all change? After World 
War II, revolutionary agricultural 
techniques were developed to 
make sure that the hunger people 
had suffered would never return. 
Mechanized farming progressed, new 
varieties of grain were introduced, new 
pesticides developed, and artificial 
fertilizers became widely available. 
With improved animal breeding, better 
feeding practices, and the prevention 
of diseases through the large-scale 
pre-application of antibiotics, global 
meat production steadily increased. 
At the same time, hybrid strains 
resulted in large yield increases for 
corn and maize. Farms could scale up, 
harvests increased in certainty, and 
demand for manual labor decreased. 

People left the land for higher wages 
in the commercial sector. Subsidies 
facilitated further growth in farming, 
enabling infrastructure investments, 
such as large pigsties or cow barns, to 
be made. The golden age of farming 
had begun. The share of farmers in the 
general population was around 38% at 
the beginning of the 20th century. At 
the end of the century, it was 2%.

Agricultural smallholdings in 
developing countries today are 
structurally very similar to European 
farms of the early 1950s. The big 
difference is the much higher yields 
that are now possible for smallholders, 
enabled by industrial farming. 
Additionally, these farmers now have 
the capabilities and possibilities to 
choose their own paths. 

The digital era promises the next 
revolution in agriculture. How can 
we combine these new technologies 
with new ways of working to create 
sustainable agriculture? In this paper 
we approach this topic from two 
vantages: first the industrialized way of 
farming, which we call “Digital Yield,” 
and secondly smallholder farming, 
which we call “Digital Donkey.” Both 
topics will be assessed with a focus 
on artificial intelligence (AI). What is 
possible, where do we see challenges, 
and what roles can Capgemini play as 
an integrator?

Introduction

Agricultural life  
in Europe has  
changed radically 
since the 1950s.

Digital revolution 
in agriculture: 
Industrialized and 
smallholder farming 
as two distinct 
starting points.
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The digital yield
Agri-food supply chains are already 
highly efficient in developed countries.  
They are secured, have high outcomes 
and low vulnerabilities, and roles are 
clearly divided between stakeholders. 
Supermarkets distribute inexpensive 
food to every corner of the country 
and people trust the quality of the 
food they eat.

However, the effects of global 
warming have changed people’s 
attitudes to the long-term 
sustainability of consumerism. And 
with continued global population 
growth, it is projected that agricultural 
production will have to increase by at 
least 60% by 2050 to feed everyone. 
Does society have to change or does 
agriculture? 

There are three key considerations 
to using AI to support the digital 
journey in agriculture. First, the 
farmer needs to be closely involved. 
Farmers are the main source of 
knowledge and the ones who will be 
asked to use AI. Being comfortable 
with AI and trusting its suggestions 
is crucial. Second, digitization must 
be tailored to individual needs. In this 
way, it can support individual ways of 
working with personalized advice and 
continuously adapt to context. Third, 
existing technologies (drones, satellite 
telemetry, etc.) and how they can be 
translated into personal advice are two 
key areas that need to be addressed. 

How can this information be shared 
with other stakeholders in the agri-
supply chain? There are three business 
model opportunities:

Data as capital: Data is the currency 
of digital farming. Companies that 
provide free applications to farmers 
are compensated with the data those 

farmers share about their farms as they 
use those applications. Commercial 
advice and closed-loop farming supply 
may be a yield channel for companies, 
as well as the sale of data to third 
parties (for example traders who want 
real-time insights into their market 
position). 

Insurance-led: Insurance as a business 
model allows commercial companies 
to guarantee farmers an income 
if certain conditions are met (for 
example using seeds and fertilizers 
from a specific company or using farm-
specific advice via an app). This is also 
a way of creating transparency about 
what happens on the farm. After all, 
insurance depends on knowledge 
and data. Fundamentally, this model 
involves bartering income guarantees 
for data.

Open source solutions: When farmers 
or cooperatives own the platforms, 
they use for data sharing it can open 
the way to combining open source 
data with their own data to generate 
personalized but independent advice.

The second challenge in these 
models is the biases inherent in the 
design of agricultural IT platforms. 
The output of these platforms 
is influenced by the origin of the 
scientific research they depend on. 
This may contradict the farmers’ 
local experience. AI can potentially 
solve this dilemma by looking at the 
real local data and making a locally 
relevant judgement. However, there is 
currently disagreement about whether 
platforms should be programmed by 
data scientists or whether people with 
agricultural backgrounds should have 
an input.

The effects of  
global warming  
have changed  
people’s attitudes 
to the long-term 
sustainability of 
consumerism.

Agri-food supply 
chains are already 
highly efficient in 
developed countries.
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The third step is the automation 
of tasks or events. Can we have an 
automated contact center, using 
chatbots to connect with the 
farmer over purchase orders or 
give personalized weather advice? 
Trading bots are going to sell the 
farmer’s products and create digital 
handshakes. The term RPA (robotic 
process automation) resonates in 
this field, especially if the tasks are 
repetitive, strongly rule-based, and 
embedded in an already - efficient 

process. There are many pitfalls, but 
the combination of RPA and data 
science is the next step toward fully 
automated autonomous farming. In 
this model, the farmer doesn’t work 
on the land but on a dashboard, 
monitoring operations.

The combination 
of RPA and data 
science is the 
next step toward 
fully automated 
autonomous farming.
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The digital donkey

Many of the world’s 
hungriest people  
are farmers.

Aside from fundamental 
environmental factors, low yields are 
rooted in the lack of cash and credit, 
limited access to quality inputs, and 
limited access to good agricultural 
practices and new technologies. This 
supports the case for a wider package 
of yield-optimizing and risk-decreasing 
services. Digital can play a big role in 
this by bridging the knowledge gap in 
real time. 

The starting point for using digital 
techniques in smallholder farming 
is different to that in industrialized 
agriculture. To get a better 
understanding of which technologies 
can be applied, we have understand 
how these farmers live, what their 
daily tasks are, and what their 
financial, agronomic, and technical 
infrastructures are. Many do not have 
machinery or access to working capital 
to invest in expensive infrastructure. 
They do, however, have access to 

It is a bitter irony that many of the 
world’s hungriest people are farmers.

More than 50 million smallholders in 
Sub-Saharan Africa are locked in an 
annual cycle of hunger because they 
are unable to grow enough crops to 
feed their families. Malnutrition can 
have serious and lifelong effects, 
especially for children, robbing them 
of their full potential. In total, there 
are around 500 million smallholder 
farms in the world with less than 
five hectares.

The challenges leading to hunger are 
huge, but not insurmountable. Modern 
techniques have allowed farmers 
around the world to unlock significant 
gains in crop yields. Those 50 million 
smallholders, however, rarely have 
access to that knowledge. Armd with 
only  limited knowledge, they have to 
adapt to circumstances as they appear 
without being able to plan or forecast. 
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The impact of AI
AI will have an enormous impact on 
industry. Businesses that are not 
already engaged with the technology 
risk falling behind. Globally, companies 
using AI, big data, and IoT to uncover 
new business insights are predicted to 
win $1.2 trillion a year from their less 
informed peers by 2020. Seeing this 
potential, tech giants and other global 
players are investing billions in AI 
across a host of sectors, many of which 
they have never served before. 

The impact on agriculture will be even 
more extreme than on other sectors. 
Many farming tasks have the potential 
to be automated and optimized. 
The greatest impact over the next 
two to five years will be in efficiency 
and cost savings. To stay ahead in 
the market and advance leadership 
positions, it will be necessary to be 
more aggressive in the uptake and 
application of digital solutions across 
the value chain.

local banks or mobile money systems 
from mobile phones. One approach 
includes using this platform to deliver 
services other than banking. Even if a 
farmer does not have a mobile phone, 
someone else in the community might 
and could offer this as a service for a 
small fee. 

A strong knowledge-gathering 
infrastructure already exists; satellites 
take multispectral images and store 
that data, enabling organizations to 
predict the weather on an hourly or 
daily base. This data is already being 
collected. The question is how to grant 
farmers access to it, and who is going 
to convert it into relevant information. 
How can these insights be delivered 
to a small holder farmer together with 
information about the crops he has 
planted, and the availability of the 
right farm-input resources, in a way 
that is relevant and timely? What is the 
sustainable commercial model behind 
all of this? 

The stakeholders in an agricultural 
value chain can play an important 
role here. The main challenge is in 
connecting a technically sound product 
with the reality of these farmers, 
lives. Achieving this will also be useful 
to credit companies and suppliers 
because it will provide hard data about 
the stability of farmers’ incomes.

Another challenge of selling advice 
or other inputs to smallholders is in 
educating them about its potential 
value. For example, recommendations 
to use more fertilizer may be rejected 
if the farmer has no way of knowing 
the value of potentially increased 
returns from the crop. Trust in these 
investments needs to be nurtured over 
time. Farmers should be supported 
in these relationships? starting with 
straightforward products and services 
before expanding into more complex 
value chains.

Even if this succeeds, the farmers 
still have to become commercially 
successful, capable of generating 
sustainable, resilient income.

To evaluate 
technology 
applications we have 
to understand how 
these farmers live.

Globally, companies 
using AI, big data, and 
IoT to uncover new 
business insights are 
predicted to win $1.2 
trillion a year from 
their less informed 
peers by 2020.

The stakeholders in 
an agricultural value 
chain can play an 
important role.
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The challenges of  
AI in digital agriculture
Establishing an AI-based solution 
means discovering connections 
by analyzing data, formulating 
predictions, acting on those 
predictions, automating actions, and 
repeatedly learning through real-time 
feedback. The challenge is that no two 
agricultural environments are exactly 
alike, which makes testing, validation, 
and successful rollout much more 
laborious than in other industries.

Challenge 1: 
Agricultural 
disparity
Given the many different ways of 
farming that play a role in local and 
global communities, it is clear that 
there can be no single, universal 
approach to making AI applicable. 
Self-sufficient subsistence farming 
is fundamentally different to large-
scale commercial farming. Demands 
on animals and crops differ, there are 
many other farm-input suppliers, and 
sourcing requirements vary. Plants, 
however, always need the same things: 
water, nutrients, and light.

Digitizing yield is all about scale, 
mechanization, and farming intensity. 
A new vision of digital yield called 
“circular agriculture” is already 
taking off. It is a combination of 

looking very carefully at farm inputs 
and environmental impacts and 
optimizing carbon footprints into 
a new paradigm of ecological and 
economic sustainability.

The intensity of current farming 
methods has many challenging side 
effects, such as water pollution, 
diminishing diversity, threats to 
pollinating insects, and large carbon 
footprints. Farms running at the peak 
of their productivity are pushing the 
boundaries of plants, environment, 
soil, and use of chemicals. This 
constant focus on high yields demands 
a lot of attention.

Precision agriculture is already broadly 
adopted, meaning that the precise GPS 
locations of fields and crops are known 
and taken into consideration. Now, 
IoT platforms are gaining a foothold in 
the market and collecting a lot of data. 
The next step may be to add images 
from drones.

All this data will give AI an arena in 
which to develop its full potential. 
Using image analysis in combination 
with machine learning and deep 
learning algorithms means each 
individual plant can get attention when 
it needs it and, even more importantly, 
that plants growing optimally will be 
left alone. This not only substantially 

It is clear there can be 
no single, universal 
approach to making AI 
applicable.

AI can be used to 
extract and share local 
knowledge and to 
create personalized 
advice for each farm.
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decreases the use of chemicals, but 
also reduces carbon footprints.

For smallholders, the approach 
is different, since they often lack 
knowledge of good agricultural 
practices. Most of these farms 
run on manual and animal labor. 
Without capital, they do not have the 
opportunity to buy machinery or get 
easy access to fertilizers and seeds. 
They need credit support, but most of 
all, they need access to the experiences 

of other farmers in their region who 
are growing the same crops and facing 
the same problems. 

AI can be used to extract and share 
local knowledge and to create 
personalized advice for each farm.  
The challenge of large language 
variation across developing parts 
of the world can be overcome 
by using chatbots working with 
natural language processing to help 
communicate those data insights.

Language barriers in 
developing countries 
can be overcome 
using chatbots with 
natural language 
processing.
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Challenge 2: 
Farming set-up
AI can be applied to farms at different 
scales. For example, a modern cattle 
farm may have 10,000 animals.  The 
days when the farmer knew every 
animal and could tell when one of 
them needed special attention are 
long gone. AI can support farmers by 
identifying sick animals, predicting 
diseases, predicting calving, and 
optimizing milk yield by calculating 
the best diet and optimum roaming 
and milking times. AI can help farmers 
form a more complete and more 
accurate picture of their farms than 
is possible with existing management 
systems. The data can be shared with 
a local or global ecosystem, helping 
to enhance supply chains, improve 
pricing, and create transparency for 
end consumers. 

A smallholder in Africa with one 
hectare of land does not have the 
capital to invest in this kind of tooling. 
These farmers must depend on other 
players in the ecosystem, such as 
NGOs, banks, and seed companies. 
They can deliver the infrastructure, 
collect the satellite and weather 
data, and convert it into valuable 
advice. Much of this data is already 
collected, the challenge is getting 
it to smallholder farmers in a useful 
form. With more than 500 million 
smallholders worldwide, the scaling 
effects of the exchange of knowledge 
could be huge.

 

Challenge 3:  
Individual 
adaptive farming 

Farming is a very localized art. Every 
farmer designs his farm according 
to local culture, local needs, local 
geography, the availability of labor and 
infrastructure, and a host of other local 
factors. And it’s an ongoing process 
that must constantly adapt to changing 
circumstances, climate, demographics, 
laws and regulations, etc. It needs 
constant attention, otherwise the 
changes become overwhelming.

The variety of farming methods is 
enormous. Some plants and animals 
are distributed to nearby consumers, 
while cash crops like coffee or cocoa 
can have a global impact on the 
world market. To provide big cities 
with fresh food, for example, crops 
are grown nearby or under artificial 
light in greenhouse conditions the 
whole year round. These very diverse 
ecosystems have equally diverse 
information needs.

Given the huge range of farming 
scenarios, an equally huge range of 
data sources is relevant to designing 
optimal farming models. And there 
are a vast number of algorithms that 
can be applied to this data in order to 
create useful advice.  

This is the kind of challenge in which AI 
excels. Machine learning capabilities 
enable AI to adapt to constantly 
changing scenarios in near-real time, 
and to form useful predictions for 
the future.

These very diverse 
ecosystems have 
equally diverse 
information needs.

The days when the 
farmer knew every 
animal and could  
tell when one of  
them needed  
special attention  
are long gone.

Farming is a very 
localized art.
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Challenge 4: 
Industrial 
distribution

Digitization is changing the 
market fast.

The ABCD companies’ (ADM, Bunge, 
Cargill, and Dreyfus) lucrative business 
model – buying from farmers and 
trading their commodities on the 
free market – is being challenged 
by widespread internet access. 
Today, every farmer can see detailed 
market information online, bypassing 
the middleman.

The revolution goes beyond 
digitization. Agriculture is moving 
from a pure commodities business, 
where each bushel of wheat or corn is 
considered functionally identical, to 
an ingredients business. Consumers 
now demand differentiation, such 
as organic produce and foodstuffs 
grown without genetically modified 

organisms. This transition makes the 
life of a trading-based company much 
more difficult because it means just 
identifying and buying the lowest-
priced goods on the market is no 
longer enough. When traders can 
no longer substitute one origin for 
another their ability to gain value from 
the supply chain is reduced.

The growing driver of transparency, 
the need for tracking and tracing, 
the granularity of characteristics, the 
growing complexity of stakeholders, 
and diversified channels all create 
avenues for investments in new 
technologies, such as AI.

AI is very good at finding opportunities 
in complex markets, and is able to 
trade automatically using pre defined 
business rules. Machine learning and 
deep learning can create the necessary 
alerts, events, and insights. This 
reduces dependence on dominant 
trading companies and puts control 
over selling produce back into the 
hands of farmers.

Today, every farmer 
can see detailed 
market information 
online, bypassing  
the middleman. 
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Challenge 5: 
Modern utilities 
and precision 
agriculture
Agricultural innovations such as 
farming using drones and robots 
are numerous. These will certainly 
support the digital yield concepts of 
massively reduced labor requirements, 
high yields, and sophisticated 
crop knowledge. However, local 
circumstances define the market 
for new innovations and these are 
manifold. For example, milking 
robots only sell in areas where they 
are competitive with labor costs. 
Demographics also play a role. In 
the Netherlands, for example, the 
median age for farmers is 57, a trend 
reflected across the industrialized 
world. Aging farmers may find 
automation more attractive than their 
younger counterparts.

In the digital yield model, precision 
agriculture is already an established 
concept and will be optimized further 
with the use of new technologies, 
adding satellite and drone imagery, soil 
sensors, robots in the fields, cameras 
on tractors, etc.

In the digital donkey model, precision 
agriculture is at a very early stage. 
The shortage of capital precludes 
individual farmers from buying 
hi-tech equipment, but satellite 
imagery is already collected by global 
organizations and could be used. 
Decades of useful satellite data has 
already been stored – it just needs 
to be processed and made available 
to smallholders. This could be a 
whole new market for satellite data 
organizations. Even with low individual 
capital, the hundreds of millions of 
smallholdings taken together could 
represent a profitable prospect. 

In the long run, a global framework 
of data sources, available either free 
of charge or for a small free, is worth 
striving for.

The next step will be the automation 
of these tasks using automated 
contact centers. Chatbots with natural 
language processing can connect to 
farmers in their own languages, take 
orders, and give personalized advice. 
With robotic process automation 
taking over repetitive, rule-based 
tasks, the farmer could even 
operate remotely.

Challenge 6: 
Consumer 
demands 
The roles of consumer and citizen 
never completely overlap nor 
completely complement each other 
– There is always a degree of conflict. 
People have both a desire and need 
for healthy food, and a desire and 
need for cheap, tasty food – and the 
two things are not always the same. 
Consumers can be helped to make the 
right choices giving them insights into 
the choices available.  

Consumer preferences drive producer 
organizations, retailers, and processing 
companies. They collect data from 
social media and their own transactions 
and use it to predict what produce they 
will need to source from farmers. The 
demand for transparent supply chains, 
not just a simple list of ingredients 
on the package, makes this more 
challenging and complex than in the 
past. Defining good manufacturing 
practices or starting sustainability 
initiatives puts pressure on the 
farms to produce in ways that appeal 
sometimes to consumers’ wishes and 
sometimes to citizens’ wants.

Consumer preferences 
drive producer 
organizations, 
retailers, and 
processing companies.

Local circumstances 
define the market for 
new innovations.

Satellite data has 
already been stored 
- it just needs to 
be processed and 
made available to 
smallholders.
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AI offers the potential to combine 
distribution streams, geospatial 
information, and information about 
non-functional demands (organic 
etc.) on a crop to discover new 
possibilities, but also to enhance 
compliance or even highlight fraud and 
mismanagement in the supply chain.  
This openness creates possibilities as 
well as challenges.

Challenge 7: 
Infrastructure 
To define the potential of AI in 
agriculture we need to understand 
the infrastructure already available. 
Local infrastructure legacy is the 
basis for all future developments. The 
development of cloud as infrastructure 
is supporting that journey. Farmers 
no longer need expensive hardware 
because they can gain access to global 
computing power.

In rural areas digital infrastructure is 
still a challenge. 3G and 4G networks 
are not commonplace, which makes 
the real-time exchange of information 
problematic. Native applications on 

local machines or devices therefore 
remain extremely important. They 
allow the offline collection and 
processing of data and activities, which 
can then be synchronized when a 
network connection is available. 

Infrastructure is the foundation for 
adaptable farming, including a solid 
cloud strategy. In the industrial world 
machine manufacturers may already 
have available data sources. This will 
be the baseline in the development 
for the user-customer journey and 
subsequent design phase, which must 
bring the business side and the people 
together: clients, CEOs, marketing, 
sales, and operations. The fundamental 
need is for a global approach with a 
local twist to adapt to existing needs.

The speed with which AI will become 
widely available in agriculture is 
entwined with the implementation 
of cloud and, in a later phase, with 
quantum computing.

AI offers the potential 
to discover new 
possibilities, but 
also to enhance 
compliance or even 
highlight fraud and 
mismanagement in 
the supply chain.

Farmers no longer 
need expensive 
hardware because 
they can gain  
access to global 
computing power. 

Capgemini’s approach
Capgemini offers a broad range 
of solutions for overcoming the 
challenges described in this paper.  
Our latest project, FARM, which uses 
the IBM Watson API, provides good 
insights into Capgemini’s work.

This project will enable communities of 
East African farmers to optimize their 
agricultural processes along several 
axes: socio-economics, seed selection, 
crop rotation, field assignment, 
agricultural techniques, fertilizer, and 
water management, and link them to 
the other players in the value chain.
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This project will 
enable communities 
of East African 
farmers to optimize 
their agricultural 
processes along 
several axes and  
link them to the  
other players in the 
value chain.

The project is being carried out in 
close collaboration with Agrics, a 
social enterprise that strives to have 
a positive impact on the lives of poor, 
agricultural families in Eastern Africa. 
They provide agricultural products 
and services on credit to 20,000 
smallholder farmers in Kenya and 
Uganda, and expect to serve 100,000 
farmers within the next few years.

Most of these farmers own between 
0.5 and 5 acres of land, on which 
they practice rain-fed agriculture. 
The majority of them live in poverty, 
realizing only a small portion of their 
production potential. Their main 
crop is maize and most is used for 
their own consumption, with only 
a part sold to generate cash. The 
maize is complemented by local 
vegetables, beans, and some livestock. 
Among these farmers, there is huge 
demand for more high-value crops, 
as well as risk-reducing and yield- 
increasing services.

Upstream and downstream in the 
value chain are the seed companies, 
fertilizer producers and other 
agrochemical companies, processors, 
and other buyers with an interest in 
accessing the potential of the millions 
of smallholder farmers. Right now, 
these organizations do not know how 
to access these markets or have a full 
understanding of the farmers’ needs.

Capgemini provides a platform that 
collects, curates, and archives all 
available data sources to provide 
information, insights, and advice at 
farm level, company level, and value 
chain level. The aim is to identify 
optimization opportunities by 

exploring all available data sources 
to find patterns and generate insight 
and advice.

Data sources such as Agrics data 
about crops grown, potential and 
realized yields, field perimeters, 
credit and repayments, and publicly 
available satellite data to monitor 
crop growth, historical weather 
data and forecasts, soil maps, socio-
economic data, and social media will 
be used. After analyzing the data and 
running simulations, the results will be 
presented in dashboards with relevant 
advice on three levels:

• At the farm level, data about the 
farmer and their fields is combined 
with crop models, satellite data, 
soil maps, weather data, and other 
relevant data to provide tailor-made 
advice to optimize production.

• Patterns in the available data can 
provide Agrics with information 
that can steer commercial decision 
making and provide insights into its 
business risks.

• From all this, information can be 
provided to partners in the value 
chain, mainly providers of inputs 
like seeds and fertilizer and buyers, 
to help eliminate inefficiencies in 
the chain.

Through Capgemini’s solution, Agrics 
can not only provide these services 
to the farmers and other value chain 
stakeholders to create impact, it can 
also understand and manage its costs, 
risks and sales, optimally manage 
its distribution process and credit 
portfolio, and create client loyalty.

Capgemini provides a 
platform that collects, 
curates, and archives 
all available data 
sources to provide 
information, insights, 
and advice at farm 
level, company level, 
and value chain level. 
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