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Introduction 

Europe 2035 – What are we going to eat? Where will we do our grocery shopping? How 

can we produce food using fewer resources? Who can benefit most from new trends? 

Which other industries will affect the food industry? What will the food sector look like? 

These questions are part of the EU Horizon 2020 project FOX, and are at the core of FOX's 

foresight research component.

FOX – Food processing in a Box – is a project in which more than 25 European partners aim to 

transform large-scale technologies for the processing of fruits and vegetables, to small, flexible 

and mobile units in your neighbourhood! FOX is all about health and sustainability. The innova­

tive processing solutions are therefore flexible, resource-efficient, and based on seasonality and 

demand. It considers the expectations of farmers and small food businesses, looks at the technical 

and economic feasibility, and takes into account the needs of the food chain and consumers. Con­

sumers will be actively involved in the development of new products and new business options for 

sustainable consumption. This allows for transparency and trust in the food chain. FOX stimulates 

short food supply chains; transitioning from a more centralised industry, to local production hubs. 

So­called food­circles are the European regions in which the FOX technologies will be demonstrated 

to be integrated into the entire food production chain.

The Competence Center Foresight of the Fraunhofer Institute for Systems and Innovation Research 

ISI derives and conducts foresight processes for developing future scenarios that outline the frame­

work conditions of the European food innovation system of 2035. As part of this process, scientists 

and experts have identified and analyzed a variety of trends influencing the food sector. The most 

compelling 50 are presented as “trends to go” in this brochure. With additional information, the 

15 most relevant trends are explained in more detail as “trends à la carte”. 



1 New nutrition pattern 

As scientific and technological advances develop in 

the field of health and nutrition, more focus has been 

directed toward the emerging field of nutrigenomics. 

The science of nutrigenomics involves the applica­

tion of the human genome to nutrition and personal 

health to provide individual dietary recommendations. 

Therefore, consumers may one day have a greater 

ability to reduce their risk of disease and optimize 

their health. Nutrition is becoming a life's work. Peo­

ple take services that will help in filtering the offers 

and choose the right food. There is an asymmetric 

development: Healthier cooking methods on the one 

hand, a shift to packaged processed unhealthier food, 

especially in urban areas, on the other hand.

2 Functional food 

The Term “Functional food” is not clearly defined. It 

is advertised an added health benefit above the food 

product's traditional nutritional value. Added ingredi­

ents are e.g. vitamins, plant sterols, omega­3 fatty ac­

ids, and folic acid. Examples include probiotic yoghurts, 

fruits and vegetables, whole grains, fortified foods, 

and dietary supplements. The scientific community 

continues to increase its understanding of the potential 

for functional foods and their role in maintaining and 

optimizing health while new food products are devel­

oped to include beneficial components. Synonyms are 

“Nutritional Food“, “Designer Food“, “Pharma Food“, 

“Healthy Food“, or “Wellness Food“.

3 Vooking – vegan – gluten free 

More and more people stop eating meat for a variety 

of reasons. Many prefer vegetarian food for health 

reasons, for sustainability, but also for culinary 

pleasure. The VOOKING project develops a new 

kitchen design has a positive influence on the future 

of nutrition and cooking. In addition, the gluten­free 

cuisine will be a trend. In this context, more ancient, 

super­nutritious grains such as quinoa and amaranth 

will be used instead of wheat flour. The number of 

people who must avoid gluten for medical reasons 

is considerably smaller. For the majority of people 

on gluten­free diets, there is no medical necessity. 

However, it is still a lifestyle boom, which has to be 

considered by producers.

4 Increased flexibility of consumption 

As an expression of increasingly mobile lifestyles (e.g. 

out­of­home meals, simultaneous travel and working 

hours, mixing of working hours and household work), 

consumers' shopping habits are also becoming more 

flexible. Shopping routes are optimized to buy more 

in fewer shopping trips (e.g. one­stop shopping in 

a large shopping centre, reachability of shopping 

opportunities or neighbouring networks) or substitut­

ed (e.g. online shopping with a delivery service). This 

flexibilization of consumption promotes full-range 

retailers, more flexible shop opening hours and new 

sales channels (mobile offers with instant shopping 

and no spatial or temporal boundaries, both station­

ary and online shops).
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5 Customization of products 

The paradigm of mass customization emerged in 

the late 1980´s, as the demand for product variety 

increased. A continued move away from mass pro­

duction with virtually identical products to increased 

customization, in which customers demand the prod­

uct to be manufactured to their exact requirements. 

Customizing also requires the delivery of products and 

services within much shorter periods. The main drivers 

are plural life forms between tradition and modernity; 

this also relates to globally concurring value systems 

and the development of hybrid cultures, e.g., chang­

ing family orders and life forms as well as the increas­

ing “do it yourself”­movement and economy.

6 Presentation of goods for specific  
purchasing types 

The product range and product offers are increas­

ingly oriented towards consumer profiles. From the 

customers' point of view, shopping should become 

simpler, more transparent and more sustainabili­

ty­oriented. Products that are harmful with regard 

to sustainability will be sorted out and products that 

promote sustainability will be promoted. In the fu­

ture, packaging will also be tailor­made and individu­

alized, which will increase the complexity of logistics. 

Traceability of products will increase. Because of the 

digitalization of society, “marketing for one“ will 

offer new opportunities to producers and retailers 

to personalize advertisement and target consumers 

directly and more effectively.

7 Products and service bundles 

Firms will increasingly bundle goods, services, 

technology, and financing to achieve competitive 

advantage. Over the past few years, an explosion 

in technology­driven delivery options for consumer 

goods and services has been disrupting traditional 

distribution methods, e.g. Google (Google Express). 

As refrigerators, cabinets, packages, and even bodies 

become connected in a tapestry of networked matter, 

shopping turns into a wholly automated process that 

requires no human decision­making. Food orders are 

determined by our inferred preferences and health 

needs and are triggered automatically when supplies 

dwindle. The role of the consumer is more and more 

passive because the device takes proactive actions. 

8 Products for single households 

There is a trend, e.g., in Germany and the UK, toward 

smaller “family units”. This change has particular im­

plications for the scale and type of housing demand 

and may further exacerbate the issue of housing 

affordability. Emerging trends such as divorce, later 

parenting, and cohabitation without marriage are 

changing traditional household and family structures. 

Single­adult households are often composed of 

young unemployed individuals or the non­working 

elderly. Cooking, especially in single households, 

might be seen as not economic. Convenient food is 

usually ready to eat without further preparation as, 

for example, dry or frozen foods.

9 Consumption in upheaval 

Digitalization, technological progress in the food man­

ufacturing industry and new business model innova­

tions for the distribution of individualized or personal­

ized products are changing the behavior of consumers. 

The expansion of consumer opportunities allows more 

options for individual action by users. Because of the 

increasing use of mobile devices, situational shop­

ping – of whichever products – is gaining in impor­

tance. Here, the place, time and emotions of the user 
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are decisive for the purchase. In the future, the ratio of 

different purchasing options such as specialist retailers, 

weekly markets / farm­gate sales by producers, online 

trading or convenience stores will change considerably.

10 Peer to peer based consumption  
decisions 

Networks of people around the world advising each 

other are the dominant factor in democratized con­

sumption and purchasing decisions for products and 

services. Competing and complementary digital plat­

forms provide access to detailed product information 

provided in a transparent manner. At the same time, 

retailers have bridged digital and physical shopping 

experiences so that virtual shopping now involves 

a range of personalized high quality interaction to 

support the consumption decision making.

11 Increased market power of retailers 

The world's wealthiest companies include Walmart, 

Fast Retailing, IKEA, H&M, Tesco, Carrefour and the 

discount chains Aldi and Lidl. The balance of pow­

er has shifted from fast moving consumer goods 

producers such as Unilever and Nestlé to retailers. 

Retail is highly localized in Germany, which is why 

few players can significantly change distribution 

e.g. drive­in, delivery services and pick­up stations. 

Current delivery services are being developed in coop­

eration with retailers, which maintains their power. 

Through its gatekeeper function between production 

and consumption, the retail trade has a considerable 

influence on prices, quality, preferences, assortment, 

and production conditions.

12 Changing legal framework for retailers 

For the retail trade, at the interface between pro­

duction and consumption, an abundance of regula­

tions is relevant. Supply chains are affected by trade 

agreements such as TTIP, CETA and Mercosur and 

other global developments such as Brexit. For the first 

time, the EU's package of measures on recycling also 

addresses obsolescence. The Packaging Ordinance is 

already available in the 7th amendment, among other 

things for addressing the online trade. Packaging of 

fresh foods for delivery services is also heavily regu­

lated. The Food Information Ordinance (LMIV) health 

promotion measures such as a sugar tax, the food 

traffic light system or other nutritional labelling have 

been widely discussed.

13 Digitalization of trade 

In the Point of Sale of the future, virtual and real 

worlds are increasingly merging (including automa­

tion and networking with Supply­Chain Manage­

ment, multimedia shopping environments for an 

individual customer approach, virtual shelves for price 

comparison). Online trading is also growing strongly 

because of “Amazonization“ in individual segments. 

When online and offline are combined, the range of 

purchasing processes is widening from incremental 

(e.g. smartphones in shops, delivery of products to 

a store) to disruptive (e.g. automated shopping on 

the Internet of Things). Digitalization is making data 

protection and data security more important, but also 

makes customer data more valuable.

14 Diversification of business models and 
marketing

The stationary retail trade relies on its strength of 

the emotional shopping experience and uses strat­
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egies such as pop­up stores or viral marketing. 

Online­Shops also use Pop­up stores occasionally to 

test their products. Retailers are increasingly address­

ing their customers via various channels such as Point 

of Sale, websites and various social media platforms 

(multi­channel marketing). At the Point of Sale, differ­

ent senses are addressed to influence the perception, 

evaluation and behavior of the customer (multi­sen­

sory marketing). The Internet of things opens up new 

possibilities such as automatic checkout systems, 

automatic transmission of product status information 

and orders from home.

15 Blockchain and smart contracts 

Companies may be able to automate and decentral­

ize the management of their operational business. 

Blockchain technology and smart contracts make 

this possible. Blockchain describes a decentralized 

database that records transactions and stores them 

in chained blocks (e.g. Bitcoin). The owner is not an 

institution, but the network. The transactions are 

checked and validated by the network itself, which 

requires an encryption / digital signature. Smart con­

tracts are self­executing contracts with the terms of 

the agreement between buyer and seller being direct­

ly written into lines of code. Trust in Blockchain needs 

to increase and data protection regulations need to 

be updated for a wider application of Blockchain and 

smart contracts.

16 Local food circles 

A food circle is a new way of conceiving and orga­

nizing our agricultural and food systems. It connects 

the many people involved in food production in an 

interdependent and holistic way. Practically, a food 

circle is engaged in promoting the consumption of 

safe, locally grown food that will encourage sus­

tainable agriculture and helps farmers preserve rural 

areas. While the concept sounds simple, it means that 

we must radically change the way we participate in 

the act of growing and consuming food. In countries 

around the world, a number of social innovations 

are emerging in the context of this vision of localized 

food production and consumption chains. 

17 Changing food systems 

While population growth increases the demand for 

agricultural products and stimulates farming activ­

ities, urbanization requires food to be easily stored 

and transported. Thus, food processing has become 

a key factor in the transformation of food systems. It 

has brought with it the standardization of agricultural 

output and, in many cases, the localization of primary 

production and the consolidation of farmland. Many 

smallholder farmers have become landless agricultur­

al workers, or have migrated to towns and cities in 

search of employment, accelerating urbanization.

18 Increased requirement for transparency 
of supply chain 

Many consumers demand more transparency and 

control along the often complex and opaque sup­

ply chains because of increased specialization and 

division of labor. The product origin plays a greater 

role in consumer decision­making. Incidents such as 

the collapse of a textile factory in Sabhar, Bangladesh, 

in 2013 or Food Fraud (targeted ingredient fraud in 

food) usually outrage the public in the short term and 

can lead to long­term loss of consumers. Individu­

al companies are restructuring their supply chains 

according to new ethical standards. Cross­company 

standards and cooperation (e.g. f­trace developed by 

GS1 Germany) to promise to meet the new require­

ments as cost­effectively as possible.
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19 Sustainable production and value chains 

The value chain consists of all steps included in the 

production, consumption and disposal / recycling 

processes of a particular product or service. A typical 

value chain goes from raw material sourcing to 

disposal, through suppliers, manufacturers, retailers, 

consumers, and other actors. In the circular model of 

the value chain, materials are reused or recycled to 

minimize waste. In the sustainable value net, there 

are no longer up­ and down streams but a network 

of interactions and value ex­changes. The concepts 

of production and consumption become increasingly 

blurred. Seamless integration of small producers will 

allow procurers to meet demands for locally sourced 

food and reduce waste. 

20 Convergence of the food and health 
markets 

Increasingly, food should not only satisfy the re­

quirement of being “tasty“ and “healthy“, but also 

promote health and beauty. The boundaries between 

the individual industries and products, from food and 

pharmaceuticals to cosmetics, become blurred. Drug 

stores and supermarkets are competing for custom­

ers, who put an emphasis on healthy food. Pharma­

ceutical, food and cosmetics manufacturers are thus 

penetrating each other's fields. They exert influence 

on agriculture in order to secure its raw material base 

and steer it in the right direction. As consumers want 

reliable information about a products health effects, 

regulators are putting strict limits on health claims in 

advertisements.

21 Do-it-yourself as competition to  
industrial production 

More and more people worldwide are starting to 

produce goods and services themselves – alone or in 

small communities – instead of buying them. A wide 

variety of goods such as clothing, software and ener­

gy are thus produced directly by private individuals or 

repaired instead of new purchases. Borders between 

consumers and producers disappear. Emphasis on indi­

vidual creativity for identity formation and rediscovery 

of local crafts traditions, complementary to globaliza­

tion is an important characteristic. In the food sector, 

Do­it­yourself does not mean cooking, but rather pre­

serving products for stock. In other words, products 

that we would otherwise buy in supermarkets, such as 

preserves, cans and fermented foods.

22 Sharing instead of owning 

There exists a growing number of movements, initia­

tives, entrepreneurs, and new business models that 

aim to facilitate sustainability in the way we consume, 

live, and move. One example is the collaborative con­

sumption (sharing, swapping, etc.) revealing a shift in 

preferences away from ownership of goods to “ac­

cess” to goods and services and from being passive 

consumers to becoming co­producers of goods and 

services (e.g. urban farming, growing your own food). 

Pooling resources in various ways is becoming integral 

to urban life and is likely to influence the future of cit­

ies. For consumers, collaborative consumption means 

convenience, innovation, local, virtual currencies 

community and also green values. 

23 Sufficiency society 

A constant and still existing assumption in political 

science and economics is that economic growth leads 
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to an increase in the prosperity of society. This is jus­

tified by the fact that growth enables new jobs, rising 

income and a social system that secures basic needs. 

Recent findings show that this relationship has been 

shaken. The issues of “social responsibility“, “quality 

of life“ and “qualitative growth“ (counterweight to 

economic growth) are gaining in importance. Suffi­

ciency research questions which personal, economic 

social and political conditions stand in the way of an 

orientation towards moderate consumption and a 

redefinition of good life and how these obstacles can 

be overcome.

24 Slow life movement and Downshifting 

Downshifting is a social behavior or trend toward 

a simpler life: It emphasizes an improved balance 

between leisure and work; the focus is on life goals 

such as personal fulfilment and building relationships 

rather than the pursuit of economic success alone. It 

has the same orientation as the Slow life movement, 

which aims at reducing life's pace and eliminating 

nonessentials from your life. Downshifting is by no 

means a radical turning away from society, as in the 

case of so­called “dropout“. Rather, it means taking 

cautious, clever partial steps to reduce the workload 

to an individually acceptable or desired level and 

to use the resulting freedom for more diversity and 

meaning in life.

25 Civilization diseases on the rise 

Living conditions in industrialized countries are caus­

ing an increase in diseases that are only prevalent in 

these regions. These are generally non­transmissible, 

but often lead to temporary or early retirement. Exam­

ples are cardiovascular diseases, cancer, tooth decay, 

diabetes mellitus type 2, and eating disorders. Mental 

illnesses are strongly becoming the most frequent 

cause of occupational disability. The phenomenon is 

not limited to the elderly. Many people already fall ill 

in their young and middle years. Diseases are multifac­

torial; factors can be environmental toxins, malnu­

trition, noise, a lack of exercise, changes in working 

conditions, alcohol and nicotine consumption, etc.

26 Urbanization 

While, in general, world population growth is slowing 

down, in some regions population will continue to 

expand well beyond 2050 and even into the next 

century. More people now live in cites than in rural 

areas, and this discrepancy is projected to increase 

as population grows. The effects of urbanization 

include, inter alia, increased resource use, increased 

vulnerability to natural and other disasters as well 

as the strengthening of the trend of declining birth 

rates. Urbanization has been also accompanied by 

a transition in dietary patterns and has had great 

impacts on food systems.

27 Competition for land in urban  
agglomerations  

Land intensive economic sectors (e.g. agriculture) 

compete with the living and working space of other 

sectors due to increasing urbanization. The sustain­

able securing of urban food and resource supplies 

is increasingly becoming a challenge – especially 

in densely populated cities with limited access to 

surrounding agricultural areas. Furthermore, intensive 

farming practices and the massive use of chemicals 

are putting pressure on natural resources. Against 

this background, the first pilot projects are working 

intensively on innovative cultivation methods and 

technologies (e.g. urban farming and gardening) that 

will bring food and resource production back to the 

places where it is consumed.
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28 Resource utilization 

Global consumption of energy, water, and other stra­

tegic resources is drastically increasing. This relates 

to fossil energies, fresh water, minerals, and metals. 

Rising energy and resource consumption is being driv­

en by population growth and economic development, 

particularly in developing countries and emerging 

economies. Even though fossil resources will continue 

to play a major role in future energy supply in terms 

of managing and mitigating the impacts of climate 

change, other natural resources will be needed 

to realize and facilitate progress in the creation of 

renewable energy. Improved energy efficiencies 

and decentralized power supplies will become more 

important.

29 Consumption-related resource usage 

In the EU, around 88 million tons of food waste 

are generated annually, 53 percent of the volume 

is wasted by households. The costs associated with 

food waste for the EU are estimated to be around 

143 billion euros. Two-thirds of the costs are asso­

ciated with food waste from households. This large 

share is due to the expenses that accumulate along 

the supply chain, such as packaging costs. The total 

amount of packaging waste is ever increasing due to 

more mobile consumption habits. For land use, mate­

rials and water consumption, the food sector has the 

largest footprint of all demand areas, for CO2 it is the 

mobility sector. Hot spots in online trading are mainly 

CO2 emissions from returns and multiple trips.

30 Re-use of food 

The world wastes more than 1.3 billion tons of food 

each year. Now South Korea is taking a lead, recycling 

95 percent of its food waste. The South Korean gov­

ernment has taken radical action to ensure that the 

mountain of wasted food is recycled. Dumping food 

in landfill was banned and the government introduced 

compulsory food waste recycling using special biode­

gradable bags. An average four­person family pays 

$ 6 a month for the bags, a fee that helps encour­

age home composting. The bag charges also meet 

60 percent of the cost of running the scheme, which 

has increased the amount of food waste recycled from 

two percent in 1995 to 95 percent today. The govern­

ment has approved the use of recycled food waste as 

fertilizer, although some becomes animal feed.

31 Scandalization of food waste 

Reasons for food waste on the part of consumers in­

clude increasing numbers of single households, poor 

shopping planning, misinterpretation of the use­by 

date and inadequate storage and preparation. The EU 

aims to halve food waste by 2020 in order to secure 

the world's food supply, conserve resources (mate­

rial and financial) and protect the environment. The 

Federal Ministry of Food and Agriculture launched an 

initiative against food waste (“Too Good for the Bin“) 

in 2016. In the mass media, waste due to misinter­

pretation of the use­by date is the subject of discus­

sion. “Containering“, food shops and food sharing 

initiatives to pass on still good food are part of the 

cityscape in many places.

32 Food losses and waste 

Globally, around one third of all food produced is 

lost or wasted in production, post­harvest, process­

ing, retailing or consumer handling. Consumers in 

industrialized countries throw away around ten times 

more food than in developing countries. In a world 

where millions of people are starving, this is a strong 

indication of the inefficiency of current food systems. 
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Food losses and waste often lead to economic losses 

for farmers and other actors in the food value chain, 

as well as to higher prices for consumers. Both have 

an impact on food insecurity by making it more dif­

ficult for vulnerable groups to access food. Reducing 

food losses and waste would increase the supply of 

available food and strengthen global food security.

33 Stricter waste regulations 

Each year around 20 percent of food produced in the 

EU is lost or wasted, causing unacceptable social, en­

vironmental and economic harm. EU is committed to 

solving this problem and putting its food system onto 

a sustainable path. In the revised EU waste legislation, 

adopted in May 2018 as part of the Circular Econ­

omy Action Plan, specific measures on food waste 

prevention have been introduced which will provide 

the EU with new and consistent data on food waste 

levels. The new waste legislation requires Member 

States to implement national food waste prevention 

programs and, importantly to reduce food waste at 

each stage of the supply chain, monitor and report on 

food waste levels. 

34 New ways of food storage 

The goal of any kitchen renovation is to create a func­

tional cooking area making the most of the space you 

have at your disposal. Whether it is a redesign of your 

current kitchen or increasing its footprint through 

expansion within or outside of the home, choosing 

the right layout is important in meeting your family's 

needs. The drivers for food storage are among others 

extreme seasonal climates worldwide, which cause 

radical changes in traditional agricultural character­

istics and might cause food shortages. Most people 

have probably thrown out food due to spoilage, but 

regularly doing this is terribly wasteful and expen­

sive. The preservation of the quality of food could be 

enabled by new food storage techniques. 

35 Climate change 

The impacts of climate change are expected to be 

most adverse in low­ and middle­income countries, 

where millions of people depend on agriculture and 

are vulnerable to food insecurity. With regard to food 

production, the sharp rise in meat consumption has 

massive impact on our climate. In 2015, world leaders 

explicitly acknowledged the need to address the 

threat of climate change. They negotiated, under the 

aegis of the United Nations Framework Convention 

on Climate Change (UNFCCC), the Paris Agreement 

on climate change, which recognizes “the fundamen­

tal priority of safeguarding food security and ending 

hunger, and the particular vulnerabilities of food 

production systems to the adverse effects of climate 

change“ (UNFCCC, 2015).

36 Hidden environmental impact of  
consumption

Today's consumption patterns are decisive for future 

disposal and environmental problems (e.g. material 

diversity and combinations). Consumption and envi­

ronmental effects are often spatially decoupled, e.g. 

in the case of active pharmaceutical ingredients in the 

drinking water cycle and micro plastics in the oceans. 

Some effects are also temporally decoupled. The 

location, distribution, nature and dynamics of such 

creeping environmental effects are often only known 

in isolated cases. Individual consumption patterns 

are closely linked to traffic- and production-related 

environmental impacts. The consumption patterns of 

consumers with high income cause by far the greatest 

environmental impact.
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37 Sustainable food for all 

With the rising global population, food availability 

is an important need and an important challenge. 

A sustainable food system is fundamental in solving 

many of the global issues, such as climate change, 

land use, biodiversity and mass migration. Another 

development that needs to be highlighted in this 

context is the double burden of famine of obesity: 

While undernutrition in developing countries is still a 

huge problem, particularly in Sub­Saharan Africa and 

South Asia, malnutrition caused by unhealthy diets 

is becoming an increasingly serious problem today. 

This development not only applies to high­developed 

countries but also among the poorest populations.

38 Edible packaging of food 

On average, every citizen in the 27 Member States 

of the European Union generated 164 kilograms of 

packaging waste in 2008, and the trend seems to 

be that we will produce a lot more in the future. The 

packaging we discard is stuff like paper, cardboard, 

glass, plastics, wood, and metals, and it all ends up 

in huge landfills or as trash polluting nature. An ex­

ample: WikiCells is a new technology addressing this 

growing, global issue in a simple and unique way – 

namely via commercial food products with edible 

packaging. The skin is made from vegetal elements 

such as fruit, nuts, grains, and even chocolate, using 

only a tiny portion of chitosan (chemical polymer) or 

alginate (algae extract).

39 Food safety

Access to sufficient safe food is a basic requirement 

for human health. Ensuring food safety and security 

in a highly globalized world presents increasingly 

difficult and often under-appreciated challenges for 

governments, commercial organizations, and individ­

uals. The risks of unsafe food are substantial but can 

be difficult to quantify. In parallel with the increasing 

size of the world population, consumer demand for a 

wider variety of foods is growing, entailing a longer 

and more complex food chain. There is a need to 

refocus attention and to reenergize commitments on 

food safety. Better data and methods are needed to 

estimate the health impact of foodborne diseases and 

to guide response and prevention actions.

40 Transboundary pests and diseases 

The spread of pests and diseases, which has dramat­

ically increased as a result of globalization, trade and 

climate change, can have far­reaching economic, 

social and environmental impacts. In particular, this 

trend poses a major threat to global food security. 

Cross­border plant pests and diseases can easi­

ly spread to several countries and reach epidemic 

proportions. Outbreaks and upsurges can cause 

huge losses to crops and pastures, threatening the 

livelihoods of vulnerable farmers and the food and 

nutrition security of millions at a time. Plant pests 

and diseases are spreading through trade or other 

human­migrated movements, environmental forces 

such as weather and wind, and insects or other vector 

borne pathogens.

41 Conflicts, crises and natural disasters 

Conflicts are a major driver of food insecurity and 

malnutrition. They reduce food availability, disrupt 

access to food and health care, and undermine social 

protection systems. Every famine in the modern era 

has been characterized by conflict. These conflicts 

are complex by nature. They can be triggered or 

amplified by climate-related natural disasters and the 

impact that they have on poverty eradication and 
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food security. Natural disasters tend to trap vulnera­

ble people, in particular, in a cycle of poverty because 

they are less resilient and lack coping capacity. It can 

be assumed that extreme weather events, caused by 

climate change, will further worsen the situation of 

these people.

42 Decline of biodiversity

Biodiversity is the diversity of species, of organism 

communities, and genetic diversity. It influences 

agricultural systems in many beneficial ways, for 

example by supporting nutrient cycling, soil forma­

tion, regulation of pests, pollination, etc. Therefore, 

biodiversity has a prominent role in mitigating yield 

risks in agriculture. On the other hand, economical­

ly optimised agriculture contributes significantly to 

biodiversity loss, e.g. by landuse changes, by mono­

cultures, by replacing traditional plant varieties and 

animal breeds by high­yielding ones which meet 

uniform quality criteria and can easily managed by 

machines. Due to biodiversity losses, adaptation of 

agriculture to climate change and other changing en­

vironmental conditions has become more challenging 

60 to 70 percent of global terrestrial biodiversity loss 

is related to food production. 

43 Label accuracy and transparency 

Certification helps consumers to make informed 

decisions. Many of the early products designed to be 

environmentally responsible, such as electric cars and 

recycled paper, did not meet the basic expectations 

of consumers. Rightly or wrongly, these early disap­

pointments have made it tougher to convince today's 

consumers that green products work as well as those 

that they are intended to replace or are worth higher 

prices. In their search for guidance on consumption 

choices, people trust each other more than any other 

source of information. At the same time, studies are 

showing that consumers are less trusting of brands 

than in the past. 

44 Agricultural productivity and  
innovation 

To meet demand, agriculture in 2050 will need to 

produce almost 50 percent more food, feed and 

biofuel than in 2012. This estimate by the Food and 

Agriculture Organization (FAO) takes into account the 

recent United Nations (UN) forecasts indicating that 

the world's population would reach 9.73 billion in 

2050. In sub­Saharan Africa and South Asia, agricul­

tural production would need to more than double 

by 2050 to meet increased demand, while in the rest 

of the world the projected increase would be about 

one­third above current levels.

45 New forms of food production

Worldwide food production currently consists primar­

ily of traditional agriculture, livestock breeding and 

marine food production, and is caught between the 

conflicting demands of various intensive, highly eco­

nomically oriented forms of production and ecologi­

cally shaped food production. The rising world popu­

lation and its increased demand for protein­rich food 

creates a higher demand, while climate change forces 

agricultural practices to adapt to higher temperatures, 

more extreme weather events and less precipitation. 

New forms of food production include, for example, 

vertical farming, urban gardening, aquafarming or 

the production of artificial meat using microorgan­

isms or tissue engineering.
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46 3D printing of food 

Many professional chefs are currently exploring the 

use of 3D printing for food and culinary purposes. 

While some efforts are being made to commercialize 

and make 3D printed edibles mainstream, for the 

moment it seems its true potential might lie in either 

gastronomic environments, where the professionals 

can play with and experiment with new 3D printed 

flavors and textures; or in medical ones, to help per­

sons who have trouble eating.

47 Automated indoor farming 

There are a number of reasons to move farming 

indoors. In areas with high radioactivity – such as 

those experiencing the aftermath of nuclear disas­

ters – there are fears that traditionally grown produce 

could contain radioactive fallout. In areas where 

water resources are lacking, growing vegetables can 

be challenging. In such cases, factory farming, which 

is mostly indoors, may be viable and scalable. Some 

people think that in the long run agriculture could 

become fully automatized, first in areas with a lack 

of human workers and extreme conditions and then 

around the globe. This could have disruptive impacts 

in areas like food culture, sustainability, social fabric 

and employment.

48 Precision farming 

Precision farming, also known as Satellite Farming, 

Site Specific Crop Management (SSCM) or Computer- 

Aided Farming (CAF), relies on the latest information 

and technologies available – GPS, satellite imagery, 

control systems, sensors, robots, variable rate tech­

nology, telematics, software, etc. – to improve crops 

in every step of the growth cycle: soil preparation, 

seeding, and harvesting. The ultimate goal of applied 

technology in agriculture is to proliferate yields, 

reduce harvest times, and reduce costs and environ­

mental impact. In the long term, it is foreseeable that 

the farms of tomorrow may no longer need people to 

grow crops at all.

49 Remote interaction with people and 
machines 

Being able to interact with other people from a 

distance as if they were physically present and to 

control things, machinery and processes has been a 

guiding ideal for communications technology experts, 

providers and politicians inhabiting Ministries of 

Telecommunications. This ideal continues to drive the 

development of interfaces between people, ma­

chines and infrastructures. As interfaces improve, the 

multiplicity of distant modes of interaction becomes a 

core feature of socio­technical networks that become 

more and more independent of place and enable 

individuals to reach the whole world.

50 Artificial intelligence and machine 
learning 

Artificial intelligence has (self-)learning abilities. How­

ever, the term is not clearly defined. Strong artificial 

intelligence generally refers to the computer­aided 

reproduction of human intelligence. The goal is an 

autonomous computer system that can work inde­

pendently on abstract, non­trivial problems under 

changing boundary conditions. Weak artificial intel­

ligence refers to the imitation of intelligent behavior 

by programed algorithms. Machine Learning is a part 

of artificial intelligence, in which machines devel­

op solutions through algorithms based on patterns 

in available data. Artificial intelligence has a huge 

impact on products, production environments and 

socio­economic systems.
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Methodology and food value 
chain  

In this project, future scenarios for the European Food Sector 2035 will be developed, beginning 

with the identification of trends influencing its future development trajectories. For this study, 

experiences from previous and ongoing projects conducted for national and international industry 

clients as well as results of public funded projects on national and European level have been 

analysed and used as input for the trend analysis. In addition, a range of current trend studies 

with focus on agriculture, food production and nutrition were taken into consideration. From 

more than 100 trends, the most compelling have been selected as “50 trends to go”. 

Based on these trends the FOX consortium and external experts identified the 15 trends with 

highest relevance for Europe's food sector 2035. Fact and figures underlay the trends with 

current data and assumptions for the future. Implications for the food sector and the relation 

to the food value chain were identified. The icons at the side show at which step in the value 

chain this trend will have the highest impact. The food value chain covers all phases of the food 

lifecycle, from production (livestock farming and crop production including input industries) and 

processing to packaging and logistics as far as sale and consumption.

Further foresight activities in this project
The identified trends are indicators for change. They will be used to develop future framework 

scenarios, describing different possible futures for the food sector in 2035. These scenarios will 

serve to align other work packages towards future requirements in the food sector. For each of 

the four FOX food circles, specific regional scenarios will be elaborated in workshops with internal 

and external experts and relevant stakeholders. The workshops will be held around local food 

events and conferences to maximise the involvement of local expertise. The foresight process 

is designed and conducted by the Competence Center Foresight of the Fraunhofer Institute for 

Systems and Innovation Research ISI. 

The aim of the Competence Center is to use foresight activities to strengthen the future viability 

of its clients and society as a whole. With the help of participatory and discursive formats, it 

promotes the exploration of alternative developments, initiates learning processes, question 

thought structures and perceptual filters, and opens up new design possibilities. Its clients develop 

future competence (futures literacy) and are sensitized for a conscious handling of uncertainties 

and changes.
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1
Local food circles – changing food 
systems 

Description
Food circles promote the consumption of safe, regionally grown food that encourages sustainable 

agriculture practices and helps maintain farmers and rural areas. The circular practice relies on 

spatial proximity and ideological parity of actors across all production, consumption and waste 

management activities. A functioning food circle accounts for material, geographical, sociocul­

tural, and political dimensions. Advantages include better traceability and freshness of products, 

reduced packaging, improved relationships between farmers and consumers, and decreased 

environmental damage from agriculture and logistics. One disadvantage is that consumers may 

face constraints in accessibility of food from their local circles, due to climatic and seasonal 

limitations or higher prices, for example.

Facts and figures
Increasing interest in direct sale from farmer to customers has led to various innovations. Ex­

amples of social innovations include: a) community supported agriculture b) food circle buying 

clubs, c) seasonal food box subscriptions, and d) online farm shops. Additionally, cascades effects 

create value from material previously considered waste, encouraging novel business models and 

technologies. Food circles build on the concept of nutrition system localization, which refers to 

creating and maintaining distinctive food identities. These identities are preserved and protected 

against external influences. The full automation of production (robotics, automation technology, 

sensor technology) is made possible and necessary. This process automation leads to a change 

in the market segment of agricultural machines. The operator models are currently still unclear, 

as the boundary between producer and consumer is increasingly disappearing.

Implications for the food sector
Food Circles shift food production from centralized structures towards decentralized, partially 

autonomous nutrition systems. This paves the way for bottom up innovations and can decrease 

market share of big players. Local niches for the delivery of distinct food services can lead to 

innovations and an efficient customer response.
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2
Alternative proteins 

Description 
Reshaping the food system is crucial to meet the protein needs of estimated 10 billion people by 

2050 in an inclusive, sustainable, healthy and nutritious manner, while meeting the Paris Agree­

ment climate­change targets. There are three pathways to meet the increasing needs for protein: 

Developing alternative­protein products, changes to current production systems and consumer 

behavior change. In the field of alternative-protein production, there has been a burst of recent 

innovation involving new purely plant­based alternatives, products based on insects and other 

novel protein sources, and the application of cutting­edge biotechnology to develop cultured meat.

Facts and figures
Meat poses a special challenge to the future development of the global food system. The per 

capita consumption of meat in the USA is around 90 kg per year, with an upward trend, in 

Europe it is around 65 kg per year. In the context of climate change, it would be impossible 

for a global population of 10 billion people to eat these amounts of meat. It would require too 

much land and water, and lead to unacceptable greenhouse­gas and other pollutant emissions. 

In addition, excess meat consumption and current production have significant effects on hu­

man health, livelihoods and the economy. More and more companies like “beyond meat“ are 

emerging and commercializing alternative proteins. Most of these companies record extreme 

growth rates proving the demand and the customer acceptance of these food products. 

Implications for the food sector
How the food sector will develop is far from clear, but there is a possibility of genuine disruption 

in the near future. It is foreseeable that the meat and alternative­protein industries will coexist 

and have the opportunity to complement one other. Both incumbents and new players, and the 

various stakeholders who are involved throughout the protein supply chains, will gain from a 

nuanced debate about how to evolve and reshape regional and ultimately global food systems 

to provide healthy and sustainable diets. 

Production

ConsumptionEmission intensities of food types 
 
Beef

24 kg CO2-eq. per 200 kcal 
Insects 

2 kg CO2-eq. per 200 kcal 
Source: Meat: the Future series, white paper WEF (2019)
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Ethical practices of consumers 
 

77% of people recognize the Fairtrade mark,  

87% of those trust it.

Source: TNS research by the Fairtrade Foundation (2017)

3
Sustainable food for all

Description
A sustainable food system is fundamental in solving many of the present and future global issues, 

such as climate change, land degradation, loss of biodiversity and mass migration. At its core, 

sustainable food is characterized by low environmental impact and contributes to global food 

security and healthy living for present and future generations. Moreover, it is culturally accept­

able, economically fair and affordable, nutritionally adequate, safe and healthy, and optimize 

natural and human resources.

Facts and figures
Besides ecological malformation, sustainable diets attempt to address undernourishment, nutrient 

deficiencies and obesity. While undernutrition in developing countries is still a huge problem – 

842 million people are still suffering from chronic hunger, particularly in Sub­Saharan Africa 

and South Asia – malnutrition caused by unhealthy diets is becoming an increasingly serious 

problem today. It is the single largest contributor to disease in the world: Increasing physical 

inactivity coupled with an increased consumption of meat, sugary drinks and processed foods 

leads to obesity and lifestyle diseases such as high blood pressure and diabetes. This develop­

ment especially applies to high­developed countries but also more and more among the poorest 

populations. One third of the developing world's population suffers micronutrient deficiencies 

leading to blindness, mental retardation and early death. 

Implications for the food sector
The promotion of sustainability in the food sector requires a look at the entire food value chain. 

Innovative solutions that lead to more sustainability are possible in all areas. To list just a few 

examples: In the field of production, general purpose technologies like Artificial Intelligence 

or new forms of production can make a positive contribution to sustainability. In the area of 

logistics, the promotion of regional and seasonal foods may be helpful in reducing negative 

environmental impacts of global food transportation. In the area of consumption, awareness 

campaigns about healthy diets can be useful in combating the global problem of malnutrition.
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4
Sharing instead of owning

Description 
Through the advancement of technology, e.g. digital platforms, social activities such as sharing, 

donating, neighborhood help and swapping are gaining in reach and diversity. Alongside a 

growing number of local initiatives, this facilitates a shift in preferences away from owner­

ship toward sharing. The most advanced forms of this shift happen in the mobility (Uber, Lyft, 

Blablacar) and housing (Airbnb) sector, but the financial (lending club), fashion (Kleiderkreisel) 

and food (food sharing) sectors have also become part of the sharing economy. Convenience, 

innovation and green values are appealing to consumers. While the sharing economy can have 

positive impacts on sustainability by fostering efficient resource use and greater human trust, 

challenges concerning data protection and current forms of regulations still need to be solved. 

In recent years, many cities have put in regulations to protect employees in the sharing economy 

and to increase tax revenue from these services. 

Facts and figures
The most relevant sectors for sharing industry are media streaming, shared mobility, hospitality, 

P2P-finacing and on-demand staffing. Large companies in the sharing economy have exponen­

tially grown in recent years. One key driver for this development are the changing demographics, 

as women, the growing middle class and the elderly participate more in the economy. In 2017, 

Airbnb generated $ 2.6 billion and Uber generated $ 11.3 billion in revenue although Airbnb 

unlike Uber is turning a profit. These companies have disrupted their respective sector. Airbnb has 

led to a decrease in hotel bookings around 8 percent and increased property values by 6 –11 per­

cent, while Uber and other drive­sharing companies decrease global car sales by 1 percent. 

Implications for the food sector
The phenomenon of emerging new flexible forms of producer-consumer relationships and activ­

ities within the food sector, particularly in urban areas and their surroundings, is challenging the 

traditional models of consumption and ownership. Interaction takes place through flexibility of 

scope and levels of consumer integration into the food production and distribution process and 

the common sustainable use and sharing of resources, in specific land, labor, production facilities, 

money, and knowledge. Furthermore, the sharing economy in the food sector includes shared 

kitchen spaces, meal sharing, food business incubators and collaborative delivery services. The 

experience of meeting new people and experiencing local cuisine from residents is a key selling 

point. A potential problem are safety and regulatory concerns, as the hosts may be subject to 

the same health standards as a restaurant. 
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Global market for precision farming 
 
2018      2025 

$ 4 billion   $ 10.2 billion 
Source: Precision Farming / Agriculture Market Size, Grand View Research (2019)

5
Precision farming

Description
Precision farming is an umbrella term for new agricultural production and management tech­

niques. It is based on observing, measuring and responding to inter- and intra-field variability 

in crops. In addition, it can be applied to herd management in livestock farming. The following 

groups of technology enable precision farming: object identification technology, sensors, robotics 

and autonomous navigation, global navigation satellite systems and connectivity as well as other 

information and communication technologies. These technologies are expected to increase 

the efficiency of agricultural production and hereby proliferate yields, reduce the workforce, 

agricultural land usage and the use of plant protection products. At the same time, it requires 

investments into professional training of farmers to be able to handle these new technologies.

Facts and figures
An example of the increased application is precision milking and feeding robots. 90 percent of 

the new equipment installations in Sweden and Finland and 50 percent in Germany include 

robotic milking. Precision agriculture is currently more prevalent in developed countries. An 

example for resource enhanced resource efficiency is fertilizer use. Variable rate N-fertilization 

reduces N­fertiliser use by 8 percent while increasing production by 4.1 percent. Machine guid­

ance reduces fuel use by 5.4 percent. The majority of farmers perceive the payback time for 

machine guidance and variable rate N-fertilization to be lower than five years. A new software 

can facilitate smartphone users to detect in-field stress. With a simple photo taken with the 

smartphone camera, the application determines weeds, classifies and counts insects, recognizes 

diseases and more information, and gives recommendations to the user. In 2018, the global 

market for precision farming was $ 4.07 billion. It is expected to increase toward $ 10.23 billion 

by 2025. Yield monitoring and field mapping are the two largest application by market share. 

Implications for the food sector
Precision agriculture will optimize the production process, as it allows optimal use of plant pro­

tection products, produces less waste and higher yields. Due to the costs associated with the 

technology and the needed capacity to adapt to the new technology, precision farming might 

lead to further concentration toward large­scale farming. All­in­one robots will replace human 

labour in the future, fulfilling all functions from planting, driving tractor, harvesting and weed 

eating, controlled from a central artificial intelligence. 

Production
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Per capita food losses and waste in Europe 
 
Consumer

90 kg per year
Production to retailing

180 kg per year
Source: Global food losses and food waste, UN Food and Agriculture Organization

6
Food losses and waste

Description 
Through the advancement of technology, e.g. digital platforms, social activities such as sharing, 

Recent years have seen an increase in public awareness about food waste in the developed world. 

Due to the scandalization of food waste, some countries (e.g. France) have established laws 

prohibiting retailers from throwing away unsold, edible food, and requiring them to donate it 

appropriately. As 23.9 percent of the world's population suffer from moderate or severe food 

insecurity, and 10.8 percent are malnourished, the amount of food waste in the industrialized 

world signals inefficiency of the global food system. The rising world population makes it nec­

essary to reduce food waste to feed the rising number of people. The global economic cost of 

food waste is $ 750 billion and primarily disadvantages consumers and farmers. Local initiatives 

such as food sharing, which collect surplus food, are on the rise.

Facts and figures
Roughly one third of annual global food production, approximately 1.3 billion tons, becomes 

waste. Annually, industrialized countries waste 670 million tons of food, while developing 

nations throw away 630 million tons. Overproduction and aesthetic­focused quality standards 

are the major reason for food waste at retailers with fresh fruit and vegetables having the 

highest waste rates. It is estimated that up to 2 / 3 of food waste in industrialized countries is 

preventable and local initiatives to save food have increased membership in recent years. For 

example, the platform Food­Sharing grew from 35.000 users in 2014 to 281.747 users in 2019  

(www.foodsharing.de). 

Implications for the food sector
Societal pressure and government regulations to decrease food waste will increase in the future. 

Improved production and logistic will be developed to reduce food waste. Retailers will offer 

flexible pricing and discounts for food, which is close to its sell-by date in an effort to reduce 

food waste. This development could lead to lower prices for consumers and increased access 

to food for many people around the world. 
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Global market for vegetable meat is estimated
 
2019      2025 
 

$ 12.1 billion   $ 27.9 billion 

7
Vooking – vegan – gluten free

Description
More and more people stop eating meat for a variety of reasons. Many prefer vegetarian food 

for health reasons, for the culinary pleasure, but also due to a growing awareness of the sus­

tainability. The Vooking concept developed a new kitchen design having a positive influence 

on the attitude toward nutrition and cooking. In addition, the gluten­free cuisine is a trend 

that has gained on relevance, in particular in western countries. In this context, more ancient, 

super-nutritious grains such as quinoa and amaranth will be used instead of wheat flour. The 

number of people who must avoid gluten for medical reasons is considerably smaller. For the 

majority of people on gluten­free diets, there is no medical necessity. However, it is still a lifestyle 

boom which has to be considered by producers. The vegetarian, vegan or gluten free diet is an 

important component of a general change in nutrition patterns.

Facts and figures
It is assumed that about 1 percent of the population suffers from celiac disease. The global 

market for gluten­free foods is expected to exceed $ 13 billion by 2025. However, this growing 

demand is not solely due to the persons with gluten intolerance, but rather to a food trend. 

The most consumers abstain from gluten without medical necessity, but due to a widespread 

opinion that gluten is bad for their health. A similar trend is taking place in the area of vegan 

or vegetarian food, where customers not only for health reasons but mainly for moral and eth­

ical reasons abstain animal products. Also the kitchen of the future is linked with these trends. 

The word Vooking (Vegetarian Cooking) describes a kitchen, which contains for example more 

working space for the cutting of vegetables or in addition, a climatic cabinet, in which herbs 

and plants salads can be cultivated season­independently. 

Implications for the food sector
The food sector this provides an opportunity to launch new gluten free or vegan products, for 

that customers are less price-sensitive. However, there are also difficulties, e.g. the preparation of 

gluten-free products is a big challenge to the manufacturers with the main challenge of finding 

suitable alternatives for gluten. Hence, gluten removal results in major problems especially for 

bakers in terms of quality. 

Production

Processing

Source: Plant­based Meat Market, Global Forecast to 2025, MarketsAndMarkets (2019)
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Vertical farming as an answer to future challenges 
until 2050?

+1.8 billion populations growth 

−500 m2 
loss of agricultural land for foodstuff per capita 

8
New forms of food production

Description 
Worldwide food production consists primarily of traditional agriculture, livestock farming and 

marine food production. New production forms include urban horticulture and special forms 

such as vertical farming or aquaponics. Vertical farming can enable viable agriculture and mass 

production of crop and animal products in multi­storey buildings (so­called farmscrapers) all 

year round. Fully controlled, sensor­assisted production provides personalized food that can 

prevent allergies and diseases. Since environmental conditions play no role, the farm can also be 

located in a large city, but requires sufficient energy and water resources. Aquaponics combine 

conventional aquaculture (raising aquatic animals) with hydroponics (cultivating plants on water) 

in a symbiotic environment. A special advantage: Fish excrements act as a natural fertilizer for 

better plant growth. 

Facts and figures
The aquaponics market is expected to have a Compound Annual Growth Rate of 12.8 percent 

from 2019 to reach $ 1.4 billion by 2025, provoked by growing fish consumption, rising demand 

for organic fruits and vegetables, improvement in urban farming methods, growing reduction 

in arable land areas, and changing climate conditions. Urban agriculture is already a broadly 

applied concept. In Amsterdam in 2011, roughly 95 percent of all ten years old pupils take care 

of their school garden with vegetables, fruits and herbs. The Netherlands capital amounts 37 

allotment parks and about 6500 allotment gardens. In Cuba in 2001, 90 percent of Havana's 

fresh produce comes from local urban farms and gardens. As smaller urban clusters represent 

about two thirds of global urban extent, urban food production should also target smaller urban 

areas and not only large cities. 

Implications for the food sector
New forms of food production can be a promising building block in securing future food sup­

ply of an increasing world population. Furthermore, they can provide solutions for challenges 

concerning climate change. The process automation in greenhouse systems leads to a change 

in the market segment of agricultural machines.

Production

Source: Vertical Farming, Think Tank Impuls, Fraunhofer (2015)
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Estimated rise / decline in crop yield between 2011 
and 2050 due to climate change 

Canada  Mexico      India          Africa 

+27%  +8%      −5%      −12%
Source: Agricultural commodity markets, UN Food and Agriculture Organization (2018)

9
Climate change – natural disasters

Description
There is scientific agreement that releases of carbon dioxide including other greenhouse gases 

and their accumulation in the atmosphere lead to global warming and hence to a change in 

global climate. Life in destabilizing climate systems is the main challenge to solve for humanity 

in the 21st century. As temperatures and sea levels are rising, increased probability of drastic 

natural disasters already affects basic human needs as settlement and nutrition. The majority of 

food production systems depend on regional climate conditions and will be affected by changes 

in global temperature, water scarcity, distribution of crop and livestock diseases, as well as by 

the occurrence of extreme weather events.

Facts and figures
Climate change increases yield losses caused by natural disasters as e.g. cyclones, droughts or 

floods. To protect against such large-scale events, insurances and infrastructural installations, 

as well as the selection of arable crops have to adapt to these new framework conditions. In 

addition, tropical zones, where poor and agricultural dependent people live, will be most affected. 

Climate­smart agriculture (CSA) proposes one way of addressing these challenges by a sustainable 

improvement of productivity, adapting to and mitigation of climate change, as well as reducing 

greenhouse gas emissions where manageable. Climate change provokes negative impacts on 

the productivity of global crops, estimated to reach −12 percent for wheat, −15 percent for rice, 

and −20 percent for maize by the 2080s. 

Implications for the food sector
Climate change is driving the food sector as an externality and as an internality: Increasing risks 

make new management and production systems necessary to ensure food supply. On the other 

hand, food production is a main cause for climate change. Therefore, new approaches in the 

food sector are crucial for lowering climate change. Combining adaptation and mitigation is 

the key challenge.
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Global Blockchain market size
 
2018      2023 
 

$ 1.2 billion   $ 23.3 billion 

10
Blockchain – smart contracts

Description 
The Blockchain is a technology that allows people who do not know each other to organize a 

network to keep trusted records. Once recorded on a Blockchain a piece of information cannot 

be changed. The most common application is that of a “distributed ledger” that keeps track of 

transactions. This solves, among others, the problem of double spending digital money (or other 

information). Using the Blockchain, digital data can have an owner recognized by everyone in the 

network. Transactions are recorded and saved in interlinked blocks, owned not by an institution 

but by the network. This network verifies and validates the transactions itself, encoded with digital 

signatures. Smart contracts directly control the transfer of digital currencies or assets between 

parties. Blockchain and smart contracts are changing the entire economic and political system.

Facts and figures
Blockchain is passing an early stage in the innovation life cycle, being yet implemented by early 

adopters but still facing considerable hesitation in the industries. The global Blockchain market 

size in 2018 was estimated at $ 1.2 billion and projected to grow with 80 percent annually 

to a market size of $ 23.3 billion in 2023. In 2018, Gartner asked 293 CIO about plans with 

Blockchains – almost eight out of ten had no actions planned or no interest in Blockchain. How­

ever, companies are seeing Blockchain technology as an opportunity to increase traceability in 

their own business. Especially in finances, Blockchain offers a potential for cost lowering and 

rationalization while increasing transparency. There is a high likelihood of a significant use of 

Blockchain in the next 20 years. 

Implications for the food sector
A Blockchain­enabled world without central controlling authorities might happen through 

decentralized networks, providing a neutral and fair result. By facilitating operationalization, 

Blockchain can shorten supply chains. Traceability increases mentioning management, logistics 

and process information. Smart contracts would contribute to food safety. Farming would be 

more transparent by improving tracking, tracing and documenting. The food chain will be easier 

to monitor for producers, retailers and customers.
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Food retailer and supplier imbalances

For 60% of German brand manufacturers in the food sector, the 

biggest customer makes up more than the so-called critical  

22% of the business volume.
Source: The power of retailers, DIW Econ Economic Bulletin (2017)

11
Increased market power of  
retailers

Description
Large retail stores and discounters have largely replaced the traditional supply structure of 

small­scale grocery retail. This resulted in a shift of power from consumer goods producers to 

retailers, as the latter control the main distribution channels. This gatekeeper function allows 

retailers to exert their influence on prices, quality, assortment, and production conditions. The 

emergence of e­commerce in the food­sector puts pressure on retailers to maintain their power, 

as new actors such as Amazon try to establish themselves in the food sector. E­commerce allows 

for direct delivery to customers without retailers. However, retail stores such as EDEKA and 

REWE are developing their own delivery services. Moreover, retail stores, including discounters, 

implement innovations such a “recipe machines“ to maintain and increase their market share. 

Facts and figures
In 2018 AgeCore, a European association of six retailers, took all products from one major brand 

out of its shelf due to a dispute over prices and forced the brand to make concessions. The profit 

margin for retailers is at 2 percent, while Nestlé's is around 18.5 percent. In over 60 percent 

of German processing companies, the biggest customer makes up over 22 percent of business 

volume, a threshold the EU considers critical. More companies also report, that retailers are us­

ing their market power more aggressively. In 2018, the online food sector grew its revenue by 

20 percent to 1.36 billion euros. However, the customer base only grew by 1 percent (28 percent 

to 29 percent) since 2016. This indicates that online e­commerce in the food sector has reached 

its current peak, as in Germany Amazon Fresh (4 cities) and REWE (75 cities) have both stopped 

the expansion of their delivery services into more areas. 

Implications for the food sector
The concentration in the food retail sector is at its peak, as anti­trust laws would certainly pro­

hibit more mergers. However, the retailers have just started to exert their power and might try 

to grow their revenue at the expense of consumers and suppliers. While its rapid expansion has 

been temporarily stopped, e­commerce for food products will continue to play an important 

role in food supply. New actors and start­ups emerge and form partnerships with established 

companies. The delivery of refrigeration­mandatory food presents a unique challenge to retailers 

and distributers. 
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Label accuracy and transparency

Description 
Labels perform a very important function. They serve as an orientation point for customers at 

the point of sale. Labels also allows companies to brand their product as for example environ­

mental friendly or healthy. However, with few exceptions (e.g. the EU Bio­label), there are no 

legal requirements for obtaining a food label. Rather, the majority of labels is issued by business 

associations, which set their own standards. For consumers, the plurality of labels can be con­

fusing, as they may not understand each label's meaning. The emergence of IOT allows for the 

development of a digital product memory, which stores all necessary information and provides 

them to the consumer at purchase.

Facts and figures
85 percent of German customers want to be able to retrace their food and 60 percent say, 

their food purchase is influenced by labels. These percentages are higher for food than for any 

other product. Labels issued by the government and environmental organizations are in general 

perceived as more trustworthy than labels by profit-orientated companies, although exception 

remain (Öko-Test, TÜV). One approach is the Nutri-Score, in which a five-step colour and letter 

scale provides an overview of the nutritional quality of a product. The Nutri­Score has been in­

troduced nationwide in France since 2018 and in Belgium since 2019. In Germany, it is planned 

to be applied on a voluntary basis from 2020. Trust in labels is not associated with a willingness 

to pay more for the same product unless the mechanism behind the label are well understood. 

In Germany, only 23 percent trust most of the brands they buy and use. Overall brand trust still 

ranks amongst the highest buying consideration at 81 percent and in 5th place behind quality, 

convenience, value and ingredients. The global market for intelligent packaging is expected to 

grow 5.4 percent annually and reach $ 52 billion in 2025. 

Implications for the food sector
Governments and retail companies have reacted to consumer demands by either introducing new 

labels or standardising theirs across retailers (e.g. the “animal welfare label“). The digitalization 

will allow for greater transparency and traceability of a product. This empowers the consumer to 

make an informed decision about their purchase. The increased transparency will put pressure on 

supplier to update their production method and be aware of consumer preferences. This ability 

to retrace food will also involve question regarding data security and protection of trade secrets.
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Valued global market size for nutrigenomics 
 
2017         2025 
 

$ 252.2 billion    $ 854.6 billion 
Source: Nutrigenomics Market Size, Grand View Research (2019)
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New nutrition patterns

Description
Genetic variation influences individual human health and nutrition (Nutrigenetics), and reversely 

individual nutrition and health influence the genetic variation (Nutrigenomics). This insights 

provide individual dietary recommendations. Consumers are able to reduce risk of disease and 

optimize health with the right, personalized nutrition. Therefore, they try to choose appropri­

ate food for their organism, often by taking services that filter the offers and suggest the right 

products. The development of new nutrition patterns is asymmetric: It includes the tendency 

for healthier cooking and using healthier products on one hand, but is also expressed by a shift 

to packaged processed unhealthier food especially in urban areas on the other hand. Metabolic 

disorders, e.g. obesity, diabetes or celiac disease are important research fields. 

Facts and figures
Influential dimensions lay in the diet's quantity and quality, and in the correspondent's response 

to the diet regarding the specific genetic profile. Companies design nutrigenetic solutions directly 

to consumer (DTC), as e.g. AncestryDNA and 23andMe. The DTC genetic testing market is fore­

cast to grow between 15 percent and 20 percent annually through 2023. According to an L.E.K. 

study, 37 percent of respondents would purchase a personalized nutrition program, suggesting 

a $ 3.2 billion retail opportunity. The market for nutrigenomics was valued at $ 252.20 million 

in 2017 and is projected to expand at a CAGR of 16.48 percent to 2025. 

Implications for the food sector
As the importance of food for health is increasingly understood, consumers change their de­

mand. Supply chains can experience sudden fluctuations corresponding publications about the 

healthiness or defectiveness of foods and beverages. The complexity in operations can further 

increase when regulatory instruments are implemented. Even so, healthy food is a promising 

tendency, which responds to a major societal change toward healthiness, sustainability and 

long life. Knowledge gained by nutrigenomics can improve people's life, by showing how to 

use nutrition to live in good health or to live longer. Therefore, nutrition is developed matching 

the correspondent's genes.
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14
Sustainable production and value 
chains

Description 
A value chain consists of all production, consumption, and disposal / recycling processes of par­

ticular products and services. Typically, value chain analysis begins at raw material sourcing and 

finishes with waste management, accounting for activities of suppliers, manufacturers, retailers, 

consumers, and other actors. Circular value chain models challenge traditional concepts. By 

eliminating “up­ and downstream” conceptualizing, and understanding value creation across 

the spectrum of interactions and ex­changes of a network. Materials are reused or recycled to 

minimize waste.

Facts and figures
It is estimated that in Europe alone, between 280 billion euros and 470 billion euros can be 

saved annual through adoption of more sustainable value chain processes. Reduced material 

and energy consumption results in lowered emissions and lowered damages compared to those 

currently associated with resource extraction. Shifting taxation from labour to natural resource 

usage; or introducing an alternative wealth indicator (not GDP), could incentivize the adoption 

of more circular practices.

Implications for the food sector
A more sustainable value chain is associated with several challenges to companies including: 

substantial upfront investments to improve end-of-life design for products, find sustainable 

sources, monitor supply chains, and find retail collaborators. Consumers also face challenges 

in adoption of circular practices and many cultures associate ownership of luxury goods with 

societal status, while concepts like repair and reuse are looked down upon.
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Compound annual growth rate of AI in food and 
beverages market

+65.3% from 2019 until 2024 
Source: AI in food & Beverages Market, Mordor Intelligence (2018)

15
Artificial intelligence and machine 
learning

Description
Artificial intelligence (AI) is a set of new technologies that perform functions generally associat­

ed with human intelligence, such as reasoning and learning. Human skills and capabilities are 

complemented by automated learning programs, which work in iterative cycles of designing, 

prototyping, and gathering feedback. Artificial Intelligence in agriculture has exploded over 

the past years, facilitating “smart farming” with self­learning automatized machines. Machine 

learning is used throughout the whole growing and harvesting cycle, first when seeding plants 

in the soil (soil preparation, seeds breeding and water feed measurement) and later when robots 

pick up the harvest, automatically determining the ripeness with the use of computer vision. 

Critics express their concerns that learning machines can replace humans as an input in food 

supply chains while further increasing intensification in agriculture and thereby fuel climate 

change. Supporters argue, that artificial intelligence can support to fight climate change and 

improve efficiency in food supply.

Facts and figures
In food industries, neural networks are already used to improve process dynamics with various 

raw materials and different processing conditions. A new iceberg lettuce harvesting system is able 

to harvest with a 91 percent accuracy and error rate for false positives of 1.5 percent. Learning 

systems help also out in additional services and administration. In 2016, 80 percent of asked 

companies wanted chatbots by 2020, expecting to create salary savings of several billion USD. 

Implications for the food sector
In daily service operations as chats, artificial intelligence is already a powerful instrument in 

supply chain management through logistics, predictive analytics and transparency. Artificial 

intelligence supports the management of species, field conditions, crop and livestock, and is 

also a big help in food sorting, quality control and safety compliance, consumer engagement, 

production, packaging and maintenance. Furthermore, using a combination of digital imaging, 

spectroscopy and machine learning, food companies can take a picture of food, analyze the 

unique spectral reflections of the light, and determine nutritional content, fat and protein con­

tent and freshness level. With this automated and non­invasive technique, researchers hope to 

improve the quality and freshness of food available and reduce food waste. Systems that can 

work with beef, white fish, bananas and avocados are already available.
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