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Introduction
G

iven the current and future needs of 
the hum

an population and the finite 
resources our planet can provide, w

e 
w

ill need to transition from
 the current 

unsustainable food system
 to a healthy, 

circular and resource-efficient paradigm
. 

These transitions w
ill be hugely 

com
plex, since the m

ultiple aspects of 
food production and consum

ption are 
closely interconnected and changing one aspect can easily have m

ajor unintended 
consequences. Yet the transitions are urgent and m

ust be driven by science as w
ell 

as values. Therefore an integrated vision is proposed characterised by four 
objectives, w

hich are to be pursued through eight scientific approaches com
bined 

w
ithin a m

atrix. 

The subjects of potential public-private partnerships in w
hich transdisciplinary 

consortia are encouraged to collaborate can be found at the crossroads of various 
objectives and approaches. The extent and com

plexity of the tasks at hand 
dem

ands a coordinated action that w
ill include all stakeholders: the Food System

 
Transitions. This should be a joint undertaking of industry and public partners 
com

m
itted to im

plem
enting a better system

. In m
any w

ays, Europe is uniquely 
w

ell placed to be at the forefront of these transitions and m
ust take a lead in the 

years to com
e.

A key aspect of the vision is its m
ultidisciplinary nature. This allow

s policy m
akers, 

funding agencies, researchers and program
m

e m
anagers to w

ork on one dim
ension 

w
hile rem

aining aw
are of how

 their w
ork contributes to the w

hole, identifying any 
gaps and m

anaging the balance. In keeping w
ith this, the docum

ent can be read 
from

 front to back: how
ever, its m

atrix approach m
eans that readers w

ho w
ish to 

do so can also focus on specific challenges or scientific approaches.

C
om

plex transition processses 
are urgently required to ensure a 
circular and resource efficient 
food system

 that provides the 
healthy food that billions of 
people need for their w

ellbeing.
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Rationale
Food and drink are essential to our survival, health and w

ellbeing, w
hile also being 

im
portant sources of enjoym

ent. They are a m
ajor part of every culture and are 

strongly associated w
ith m

any social interactions. The provision of sufficient and 
high-quality food to every individual w

orldw
ide can be seen as a m

oral obligation—
how

ever, the production of food by definition interferes w
ith the ecological cycles of 

the planet. 1 The com
bination of a rapidly grow

ing global population w
ith the 

accelerating pursuit of higher incom
es has led to industrialised food production 

system
s that deplete natural resources, pollute the environm

ent and m
arginalise 

farm
ers and labourers. At the sam

e tim
e, m

any current food producers lack the 
tools, labour and entrepreneurial skills to produce a surplus, and population 
pressure has broken dow

n traditional fallow
ing and grazing system

s. Few
er and 

few
er people are left in rural areas to feed the grow

ing cities. H
ow

ever, although 
som

e m
ay be nostalgic for an idealised 

past, there is no turning back: w
e need 

a paradigm
 shift in order to produce and 

distribute enough affordable nutritious 
food in a sustainable w

ay. There is no 
silver bullet: agriculture and food 
production are continuous local 
adaptations of general ecological and 
socio-econom

ic rules.

W
hen it com

es to food-related topics, change can be difficult. W
hile eating patterns 

have never really been stable due to m
igration, urban life style changes and 

diffusion of new
 foods, food rem

ains intim
ately linked to identity. M

oreover, once it 
is ingested, it can often not be easily expelled if som

ething goes w
rong. Evolution 

has taught us to be cautious about w
hat 

w
e eat. The reluctance to accept new

 
food, high-tech products or foodstuffs 
for w

hich their safety cannot easily be 
gauged by consum

ers (even if 
scientifically proven) is therefore 
perhaps only natural.  

The need to provide enough 
high-quality food for the grow

ing 
w

orld population in a sustainable 
w

ay is a challenge that w
ill 

require m
ultiple solutions.

1 Fresco, L.O
. H

am
burgers in Paradise, the stories behind the food w

e eat. Princeton, Princeton U
niversity Press 2016

S
olutions m

ust be adopted and 
appreciated in societies, trusted 
by consum

ers and econom
ically 

viable.
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S
tru

ctu
re

The background docum
ent of the Food 2030 H

igh-level C
onference

2 defines four 
challenges that need to be solved to secure a sustainable, high-quality food 
production system

:
1

 
N

u
trition

 for sustainable and healthy diets
2

 
C

lim
ate

 sm
art and environm

entally sustainable food system
s

3
 

C
ircu

larity
 and resource efficiency of food system

s
4

 
In

n
ovation

 and em
pow

erm
ent of com

m
unities

A
lthough they are often phrased slightly differently, there is w

orldw
ide 

agreem
ent on these four aspects. They are prom

inently included in the 
S
ustainable D

evelopm
ent G

oals of the U
nited N

ations
3 and m

any sim
ilar plans. 

Form
ulating objectives is the first step to resolving them

; defining the m
ethods 

to follow
 is the next step. 

There are eight developm
ents in 

m
odern science that are particularly 

relevant to addressing the objectives:
• S

m
art anim

al and plant breeding 
(optim

ising genetic pools; 
innovations in breeding techniques; 
enhancing photosynthetic efficiency)

• N
ext-level agriculture (use of certain key enabling technologies in prim

ary food 
production, respecting and m

aking better use of biodiversity and natural 
resources (e.g. soil) for im

proved grow
th and resilience)

• B
lue grow

th (m
aking better use of freshw

ater and m
arine resources)

• Protein transitions (a m
ore sustainable production of anim

al proteins or their 
replacem

ent w
ith proteins from

 plants and other sources)
• Innovations in post-harvest food production and processing (un-refining food 

ingredients, return to basic m
olecules, full utilisation of harvested biom

ass for 
feed and food)

• D
igital societies (utilising the inform

ation available in the Internet-of-Things 
era)

• Food practice (consum
er em

pow
erm

ent, dissem
ination of inform

ation, choices 
about, and interaction w

ith, food, social innovation)
• Public and global one health and w

ellbeing (food safety and personalised 
nutrition and health, including attention for zoonotic diseases, food safety and 
m

ycotoxins)

Trust in science, governm
ent and the private sector is eroding. The agricultural and 

food sectors can only regain this trust by giving absolute priority to nutritional 
quality, food safety and sustainability.

Any solutions need to be feasible on a relevant scale. Food products m
ust be 

affordable for the m
ajority of consum

ers. G
iven the sm

all profit m
argins on food 

products, this is in itself a significant challenge. As long as the industry is focussed 
on m

axim
ising short term

 profits, innovations that require investm
ents w

ith long 
payback periods w

ill not be readily im
plem

ented, even if societally desirable.

Europe and the European U
nion have an 

im
portant role to play in the transitions 

tow
ards a m

ore sustainable food system
 

and production of healthier food. 
European governm

ents, producers and 
consum

ers are very aw
are of the need 

for change, both in Europe and 
elsew

here. The availability of state-of-the-art science and technology in the food, 
agriculture and health dom

ains, the diversity in dietary traditions, clim
ate 

conditions and production system
s, and Europe’s sophisticated system

 of 
governance in term

s of public values like the environm
ent, nature, biodiversity and 

health m
ake the continent an excellent living lab for future food system

s. This 
provides interesting opportunities for European industry to innovate and develop 
new

 m
arkets. 

G
oal

The aim
 of this vision paper is to provide a structure for a large-scale system

atic 
and integrated research and technology developm

ent effort to design new
 food 

system
s so as to im

prove the health and w
ellbeing of the w

orld’s population, as 
w

ell as new
 opportunities for the agriculture and food sectors and associated 

European industries to im
plem

ent these solutions in Europe and w
orldw

ide.

R
esu

lts
The results provide contributions in three dim

ensions: bringing the availability, 
quality and safety of food for everybody to the level required to ensure good 
health and w

ellbeing; im
proving the sustainability of the agricultural and food 

sectors (including environm
ental and societal im

pact, anim
al w

elfare, etc.) as 
quickly as possible; and building flexible food system

s so as to adapt to changing 
ecological and socio-econom

ic conditions.

In Europe the circum
stances are 

right to guide the rest of the 
w

orld tow
ards a sustainable food 

system
.

Four objectives have been 
identified. They are pursued in 
eight directions to provide the 
necessary solutions.

2 ec.europa.eu/research/conferences/2016/food2030/pdf/food2030_conference_background.pdf 

3 w
w

w
.un.org/sustainabledevelopm

ent/sustainable-developm
ent-goals/ 
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The intertw
ined structure of the objectives and applicable science is show

n in 
Figure 1.

The four challenges cannot be resolved 
in isolation. They are interdependent, 
i.e. partial solutions should not be 
detrim

ental to others, as indicated by 
the vertical connector on the left. 
Likew

ise, the research fields are also 
connected through an interdisciplinary system

s approach. At the intersections of 
the horizontal and vertical arrow

s, research activities em
erge as opportunities 

for public-private partnerships to develop new
 product ×

 m
arket com

binations or 
boost acceptability by society and involvem

ent of consum
ers. A

 discussion of 
each of the four ch

allen
g

es follow
s below

, w
ith exam

ples of issues that can be 
resolved by the eight scien

tifi
c ap

p
roach

es. The subjects for interesting PPPs 
can be found at the intersections 
of objectives and solutions.

Figu
re 1

The ch
allen

ges in our food system
 are intertw

ined w
ith scien

tifi
c approach

es. Topics for 
cooperation are identified at the intersections. The appreciation

 of results by society m
ust be 

considered everyw
here.

Citizen centric
transparancy and trust,

affordable,
economically viable

Transdiciplinary approach to the food chain
In

tercon
n

ected
 and to be regarded

as linked and depended

Nutrition for 
sustainable and 

healthy diets

Innovation and
empowerment of 

communities

Circularity and 
resource efficiency

Climate smart and 
evironmentally 

sustainable

O
b

jectives

Solutions Appreciation

S
m

art an
im

al an
d

 p
lan

t b
reed

in
g
 

(Innovations in breeding e.g. to increase 
resilience or photosynthesis efficiency)

N
ext level ag

ricu
ltu

re
(D

igitalisation, robotics, 
precision farm

ing, chain integration)

B
lu

e g
row

th
(aquaculture, fisheries, 
m

arine biotechnology)

P
rotein

 tran
sition

s
(Replacing anim

al protein w
ith 

protein from
 plants of other sources)

In
n

ovation
s in

 food
 p

rod
u

ction
 an

d
 p

rocessin
g

(safe food, un-rifining food ingredients, 
m

ild conservation, etc)

D
ig

italisation
 of S

ociety
(Internet of Things, B

ig D
ata, 

Lifestyle m
onitoring)

Food
 p

ractice
(M

aking the right choice, 
inform

ation and education)

H
ealth

 an
d

 W
ellb

ein
g

(M
an as a biological system

, 
Intake status on health)
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N
utrition for sustainable 

and healthy diets
This challenge aim

s to produce sustainable, sufficient, safe and nutritious food 
products. It includes four sub-challenges: 1) to produce enough food and m

ake it 
available to everybody; 2) to m

ake sure it has the correct nutritional value to 
sustain health and w

ellbeing; 3) to m
ake sure it is safe w

hen consum
ed for 

prolonged periods; and 4) to achieve all these goals sustainably. 

In 2050—
w

hen the w
orld population w

ill 
have grow

n to about nine billion people 
—

the increase in w
elfare and the 

dem
and for better food quality w

ill 
m

ean that food production needs to 
increase by 60%

 com
pared to its 2007 

level. 4 In m
any, if not all, areas, the 

available land area for food production 
is decreasing rapidly due to com

petition w
ith urbanisation and other uses, nutrient 

depletion, soil degradation, w
ater scarcity and clim

ate change. In som
e places 

average day and night tem
peratures are rising. R

ising sea levels m
ay cause 

flooding or salinisation of coastal regions and (usually fertile) deltas. H
igher 

tem
peratures com

bined w
ith irregular rainfall represent a challenge for current 

arable cropping practices in the M
iddle East, N

orth Africa and parts of sub-Saharan 
Africa. C

lim
ate change m

ay, how
ever, also allow

 an expansion of agricultural areas 
in the higher-latitude regions of Europe, N

orth Am
erica and Asia, or at higher 

altitudes. In such a context, flexible resource use efficiency optim
isation becom

e 
the new

 focus.

The ‘B
reedin

g
’ approach in Figure 1 basically addresses sub-

challenges 1, 2 and 4. It builds upon current understanding of how
 the 

biochem
istry of plants and anim

als functions and how
 they defend 

them
selves against pathogens. N

ew
, sophisticated breeding m

ethods 
in com

bination w
ith novel genetic and gene editing technologies like 

the C
R
ISPR-C

AS system
 speed up the breeding process, enhance 

The first objective is to supply 
enough healthy and safe food for 
the grow

ing and increasingly 
w

ealthy w
orld population in a 

sustainable and resilient w
ay.

4 Alexandratos, N
. and Bruinsm

a, J., W
orld Agriculture tow

ards 2030/2050, the 2012 Revision, FAO
, 2012
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product quality and allow
 the 

developm
ent of crops and anim

als that 
are m

ore tolerant to drought, pathogen 
pressures, heat stress and soil salinity. 
In addition, better characterisation of 
biodiversity increases genetic options. 
M

ore fundam
ental breakthroughs in 

prim
ary production com

e from
 

enhanced photosynthetic efficiency, w
ell over the current 10%

 or less of its 
theoretical m

axim
um

. 5 Recent scientific breakthroughs have show
n that im

proving 
photosynthesis is a very prom

ising route to producing crop varieties w
ith better 

yield in term
s of food, feed and biom

ass. 6 Breeding is of little use if crops and 
anim

als are not incorporated in optim
ised m

anagem
ent system

s, but it can still 
contribute to greater resource use efficiency, such as increased w

ater or nutrient 
uptake. 

G
aining insight into the interdependence 

betw
een health and food provides 

opportunities to increase nutritional 
value and reduce the levels of 
undesirable com

ponents in food 
products for specific societal groups. 

G
olden rice, w

hich has increased levels of pro-vitam
in A, is an early proof of 

concept for such an opportunity, as are apple varieties w
ith reduced allergens 

through targeted elim
ination of specific genes. Sim

ilar approaches can be used to 
m

odify energy content through the reduction of fatty acids or increase in dietary 
fibre. Such advances rely heavily on im

proved know
ledge of satiety inducers, 

resistant starch synthesis, etc.

The sustainability of prim
ary food production increases w

hen plants and anim
als 

are better adapted to ecological interactions and less susceptible to pests or 
diseases, reducing the need for pesticides and drugs w

hile sim
ultaneously reducing 

losses before and after harvest. The ongoing evolution of pathogens m
eans that 

flexible strategies are needed. At the post-harvest stage, new
 genetic techniques 

can adjust genes that are responsible for the first steps in the spoiling process of 
food products, increasing shelf-life and reducing food w

aste. In anim
al production, 

sophisticated breeding of plants used for feed m
ay reduce the output of m

ethane 
from

 anim
al husbandry. It is necessary to m

onitor unintended side effects, e.g. 
increasing the consum

ption of vegetables by reducing their bitterness m
ay m

ake 
them

 less healthy and also less resilient to pests (bitter substances are often 
natural pesticides).  

The introduction of new
 production technologies requires new

 crop varieties and 
anim

al breeds. To select the best com
binations as early as possible in the 

process, it is necessary to set up safe-b
y-d

esig
n

 strateg
ies w

hich entail 
integrated risk assessm

ent tactics so as to reduce the burden of today’s pre-
m

arket assessm
ents.

In the past, advanced breeding using 
genetic m

odification has been a source 
of w

idespread m
isunderstandings and 

has encountered fierce opposition, 
especially in Europe. 7 There is urgent 
need for the regulation of novel 
m

ethods like C
R
IS

PR-C
A
S, cloning and precision breeding. From

 a scientific 
perspective, and given the challenges of future food production and their use in 
com

peting econom
ies outside Europe, it is not feasible to ignore these 

technologies altogether. H
ow

ever, a social dialogue betw
een governm

ents, 
science, the private sector and consum

ers m
ust accom

pany their introduction to 
determ

ine w
hat products w

ill be accep
tab

le and under w
hich conditions.

5 Ray, D
.K

., M
ueller, N

.D
., W

est, P.C
., and Foley, J.A. (2013). Yield Trends Are Insufficient to D

ouble G
lobal C

rop 
Production by 2050. PLoS O

N
E 8, e66428

6 Im
proving photosynthesis and crop productivity by accelerating recovery from

 photoprotection J. K
rom

dijk et all, 
Science  18 N

ov 2016: Vol. 354, Issue 6314, pp. 857-861

These techniques can also m
ake 

crops healthier or reduce 
allergies.

7 The G
M

O
 Stalem

ate in Europe, Editorial by Louise O
. Fresco, Science m

agazine, 22 Feb 2013

B
reeding m

ethods, both 
traditional and novel techniques, 
allow

 crops to develop that are 
resilient to pests or changing 
conditions. 

It is essential to address societal 
issues to m

ake certain solutions 
acceptable.
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N
ext Level A

g
ricu

ltu
re an

d
 food

 system
s m

ake use of advances 
m

ade in other disciplines and applications. The G
lobal Positioning 

System
 (G

PS
) (originally developed for m

ilitary applications), 
com

bined w
ith sm

art sensors on agricultural m
achines and drones, 

allow
s for high-resolution precision farm

ing in w
hich w

ater, fertiliser 
and pesticide use is optim

ised for the needs of individual plants. The 
addition of autonom

ous farm
 m

achines 
m

ay m
ake m

ore efficient and 
sustainable system

s like intercropping 
econom

ically feasible. The declining 
w

orkforce in agriculture in 
industrialised and urban areas can 
thus be counteracted by autom

ation 
w

herever hazardous, dull, heavy or 
dirty w

ork needs to be perform
ed, 

freeing up the intelligence, flexibility 
and versatility of hum

ans for m
ore 

dem
anding and appealing tasks. S

uch 
key enabling technologies can m

ake the sectors attractive once again to young 
entrepreneurs. This can result in new

 varieties of crops and anim
als w

ith 

favourable characteristics, synchronous developm
ent, ripening uniform

ity, etc. 
that are com

patible w
ith autom

ation.

M
ost people w

ill live in m
etropolises 

w
here opportunities for food 

production are lim
ited and 

underexploited. It w
ill be necessary to 

im
plem

ent vertical farm
ing w

ith 
specially designed crop varieties in 
sem

i-artificial clim
ates and light 

conditions. Vertical farm
ing is possible 

w
ithin horticulture, aquaculture and 

aquaponics. 8 C
onventional rooftop 

production system
s w

ill require further 
adaptation to better cope w

ith urban 
m

icroclim
ate stresses such as w

ind.
N

ext Level A
gricultural system

s can be m
ade m

ore effective since the need to 
adapt to the hum

an scale or conditions com
patible w

ith hum
an labour becom

es 
obsolete. For instance m

achines can be m
ade sm

all and lightw
eight in order to 

prevent soil structure deterioration, and they can be designed to reach m
uch 

higher and carry heavier loads than hum
ans; a fully autom

ated food packaging 
line can run in the dark, near or below

 0 °C
, or in a m

odified atm
osphere. This 

w
ould also elim

inate the hum
an factor w

ith respect to hygiene, reducing 
contam

ination and increasing safety.

In the dairy sector, m
ilking robots have proven their added value for the w

elfare 
of farm

ers and their cow
s, and have allow

ed for increased production. M
any 

other tasks can also be autom
ated in Precision A

nim
al Production system

s. 
S
ensors can m

onitor and com
m

unicate, in near-real tim
e, the status of 

production system
s in com

bination w
ith m

odels that accurately predict the 
effects of interventions on the quality and quantity of the end product. 

M
icro and nanotechnologies provide cheap, accurate and reliable m

ethods to 
m

easure a w
ide range of param

eters. The resulting Internet-of-Things 
applications—

especially in agriculture and food processing—
provide a higher 

level of control that w
ill soon becom

e available at low
 cost, just like m

obile 
sm

artphones have near universal penetration. S
ensors w

ill, for instance, becom
e 

capable of detecting em
erging diseases or pests and triggering an im

m
ediate 

Providing optim
al conditions for 

each individual plant or anim
al 

w
ill m

ake the prim
ary production 

system
 even m

ore efficient. 
These concepts are only 
econom

ically viable if they m
ake 

use of autom
ation and 

robotisation.

The applications of key enabling 
technologies w

ill not only m
ake 

N
ext Level A

griculture m
ore 

econom
ically sound; it w

ill also 
trigger paradigm

 shifts that w
ill 

m
ake production system

s m
ore 

efficient w
hile providing solutions 

for the declining w
orkforce in the 

relevant sectors and m
aking 

them
 m

ore attractive to young 
people.

8 aquaponics.eu
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response. D
ata on storage conditions in com

bination w
ith quality deterioration 

m
odels w

ill allow
 optim

al consum
ption periods to be determ

ined for fresh food 
products. C

om
bined w

ith sm
art packaging concepts—

in w
hich ultra-low

-cost 
sensors are integrated in packaging m

aterials—
and sm

artphone-based food 
analysis, 9 food product quality w

ill be m
onitored throughout the chain and w

aste 
m

inim
ised, provided the socio-econ

om
ic factors are addressed. 

The digitalisation or datafication of the food chain w
ill allow

 for m
uch m

ore 
elaborate and accurate m

anagem
ent of product quality right to consum

ers’ 
hom

es.

A
dvances in new

 high-tech m
aterials range from

 greenhouse coverings w
ith 

precise and even tuneable light transm
ission properties (linked to crop-specific/

developm
ental stage-specific requirem

ents) to anti-fouling surfaces in food 
production. The application of such m

aterials not only m
akes food production 

m
ore efficient and safe, but also contributes to sustainability by enabling m

ore 
energy-efficient production or reducing the need for detergents. 

O
ne of the m

ain challenges in the application of high-tech and other key 
enabling technologies in agriculture and food is econ

om
ic viab

ility. In Europe’s 
poorer areas and non-industrialised countries, it is essential to focus research 
not only on sustainability, but also on afford

ab
ility, even if cost prices decline.

To unlock the potential of the 71%
 of the planet w

hich is covered 
w

ith w
ater, w

e need a strategy for so-called B
lu

e g
row

th
. This 

involves increasing the understanding, investigating the possibilities 
and developing the opportunities for freshw

ater, brackish and m
arine 

system
s to contribute to 

the production of high-
quality and attractive food products as 
w

ell as the production of feed, bio-
chem

icals, energy and other valuable 
products. The developm

ent and 
utilisation of coastal zones and deltas 
has increased, leading to further m

ajor 
socio-econom

ic and environm
ental 

changes—
a trend w

hich is expected to 
continue in future.  

H
istorically, the use of m

arine resources has predom
inantly been lim

ited to 
fishing, w

hich in essence is the hunting of free-ranging anim
als. Increasing 

production capacity by keeping the anim
als in confinem

ent at locations w
here 

conditions are good and harvesting is easy is a logical next step. A
quaculture, 

developed in a variety of regions, is the fastest-grow
ing subsector of the food 

and agriculture sector. N
ew

 sources of protein and oil for fish feed are necessary 
to avoid the over-exploitation of forage fish. Future developm

ents rely on 
m

icroorganism
s, still poorly understood. N

ew
 technological solutions are called 

9 w
w

w
.foodsm

artphone.eu 

G
iven the fact that the largest 

part of the w
orld’s population 

lives near shores, there is 
enorm

ous potential for m
arine 

ecosystem
s to contribute to the 

production of food. These 
resources m

ust, naturally, be 
developed responsibly.

The Internet of Food &
 Farm

 2020 (IoF2020) project 
accelerates the uptake of Internet–of-Things (IoT) 
technologies w

ithin the European farm
ing and food 

chains in view
 of strengthening their com

petitiveness 
and sustainability.

The core of the project is organised around five trials. These cover five 
sectors (arable, dairy, fruits, vegetables and m

eat), w
hile involving end 

users (e.g. farm
ers) and IoT developers and dem

onstrating innovative IoT 
solutions and their application in the farm

ing and food sectors. To 
show

case each of the trials, the project is organised around 19 cases.
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for to ensure sustainability and anim
al w

elfare and control pathogen pressure. 
S
m

art husbandry system
s enable efficient breeding, feeds and feeding. The 

com
bination of aquaculture w

ith horticulture in aquaponics results in a system
 

w
hich is efficient and in w

hich w
ater and nutrients can be controlled, especially 

in regions w
ith lim

ited precipitation. 

C
oastal regions contain other resources w

hich have largely been overlooked so 
far: seaw

eed and algae. M
arine plant production is m

ost interesting because of 
spectacular grow

th rates: due to being suspended in w
ater ( no need to 

counteract gravity), they contain few
er poorly digestible fibres like lignin w

hile 
retaining high nutritional content. Except in S

outh-East and East A
sia, seaw

eed 
is currently m

ainly harvested at locations w
here it grow

s naturally. Research into 
production on an industrial scale is needed, w

hile post-harvest processing m
ust 

be developed to im
prove anim

al and con
su

m
er accep

tan
ce. M

ore w
ork should 

also be devoted to food com
position and possible toxicities.

M
icro and m

acroalgae and other m
arine organism

s are efficient, sustainable 
producers of pharm

aceutical com
pounds, w

ith the potential to partly replace the 
petrochem

ical industry. Linking to the ‘B
reeding’ approach in Figure 1, m

arine 
biotechnology production can open new

 fields, especially in the context of food 
versus fuel w

here m
arine system

s m
ight provide viable alternatives to current 

land use.

The production of m
eat is 

a com
plex process. N

ot 
only is plant protein 
generally converted into 
m

eat protein at a poor 
rate, the m

ethod also 
requires larger am

ounts of reasonably 
clean w

ater. A
lthough anim

al m
anure 

is an im
portant source of nitrogen and phosphorus for crop production and of 

organic m
atter that contributes to soil fertility, in m

any intensive production 
system

s it is regarded as w
aste and associated w

ith environm
ental pollution. 

Finally, beef and dairy production is associated w
ith em

issions of the greenhouse 
gas m

ethane. At the sam
e tim

e, anim
als can also be a part of sustainable land 

use thanks to their capacity to recycle plant w
aste and potential to unlock 

nutrients from
 m

arginal areas that w
ould otherw

ise be unusable. G
razing by 

anim
als is essential to m

aintaining ecosystem
s and landscapes. A

lthough 
alternatives are being developed, it is crucial to m

odernise ineffective anim
al 

production system
s.

P
rotein

 tran
sition

s are new
 processes to m

ake high-quality proteins m
ore 

readily available to hum
ans, either by producing anim

al feed solely from
 protein 

sources w
hich are unavailable for hum

ans, by turning plant proteins directly into 
a product that closely resem

bles real m
eat, or by partially substituting plant 

proteins for anim
al proteins. This is especially com

patible w
ith flexitarianism

 
(selective and lim

ited m
eat consum

ption), w
hich thus becom

es a sustainable 
alternative saving land and w

ater resources.

N
ew

 protein-rich products as 
alternatives for m

eat need to be 
assessed for their short and long-term

 
effects on hum

an health. Reduction, or 
even elim

ination, of anim
al protein 

from
 diets m

ay have beneficial effects, 
but protein from

 non-anim
al sources 

do not alw
ays contain the entire range 

of am
ino-acids available in m

eat, or contain them
 in different ratios. V

itam
in B

12 
and iron are essential elem

ents w
hich are abundant and highly bio-available in 

anim
al products, but far less so in plants. Protein of anim

al origin is generally 

B
ecause of the poor sustainability 

of m
eat production, other 

production m
ethods or alterna-

tive protein sources m
ust be 

included in the diets.

O
ne of the alternatives are m

eat 
re-placem

ent products based on 
plant proteins. O

thers are 
proteins from

 insects, seaw
eed or 

algae.

10  “D
ietary protein quality evaluation in hum

an nutrition”, Report of an FAO
 Expert C

onsultation, (2013), ISSN
 

0254-4725, FAO
 FO

O
D

 AN
D

 N
U

TR
ITIO

N
, paper 92
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A
 m

ajor achievem
ent of the m

odern food industry is that food 
products, at least in industrialised countries, are subject to safety 
checks on a scale never seen before. Large-scale and revolutionary 
in

n
ovation

s in
 food

 p
rod

u
ction

, and the adoption of new
 

technologies, are in the pipeline, but consum
ers and the industry 

often rem
ain conservative. In m

ost industrialised countries, the 
dem

and for 100%
 safety for new

 products lim
its opportunities for product 

developm
ent and suppresses industry’s w

illingness to innovate. Incidents related 
to global trade and food fraud lead to further consum

er concern. C
lim

ate or 
w

eather-related outbreaks of, for exam
ple, m

ycotoxins, are likely to increase.  

G
iven the enorm

ous challenges the industry faces, such as unacceptably high 
food w

aste (discussed in the C
ircu

larity challenge), high energy inputs 
(addressed in C

lim
ate) and the unhealthy or disputed nature of som

e 
ingredients, innovation policies and investm

ent by public and private agencies 
m

ust change. This requires a discussion of risk w
ithin current regulatory bodies 

to ensure sufficient room
 for innovations w

hile m
axim

ising food and feed safety. 
In addition, understanding of the potential harm

ful effects of long-term
 use and 

chronic exposure to products gained through new
 technologies (e.g. 

nanotechnology) is still lim
ited. S

uch research is expensive and generally cannot 
be covered by a single com

pany. 

In the past, the optim
isation of shareholder benefit has introduced concepts in 

the food industry that m
ay not align w

ith the optim
isation of benefits to 

consum
ers or society. The increase in low

-cost sugar and other refined 
carbohydrates in m

any food products has contributed to rising rates of obesity 
and diabetes. C

onsum
er-centric innovations are required to counteract these 

trends.  Reform
ulated and new

 products m
ust fit a healthy and diverse diet that 

supports an active lifestyle and prevents food-related health problem
s.

Instead of the classical ‘isolation for purity’ paradigm
 that the food industry has 

characterised by a m
uch higher 

nutritional quality than protein of plant 
origin. 10 A

lthough vegetarians and 
vegans have dem

onstrated that a 
lifestyle w

ithout anim
al protein is 

feasible, questions rem
ain as to 

w
hether this can hold true for all 

groups, populations or cultures, 
especially children, individuals suffering from

 illnesses, the elderly, and pregnant 
or lactating w

om
en. Vegetarianism

 is m
ore com

m
on in certain ethnic groups and 

in w
arm

er clim
ate zones, w

hereas people living in arctic regions traditionally 
tend to prefer anim

al protein. The causality is partly ecological, but m
ay have 

genetic, as w
ell as cultural, roots.

There are other sources of protein than land plants and anim
als, how

ever. 
Insects, seaw

eed, algae and other organism
s can provide high quality proteins. 

M
ost consum

ers are currently reluctant to accept som
e of these (especially 

insects), although this appears to be culture-dependent. Feed from
 these protein 

sources (and from
 by-products in the food industry) can in essence convert them

 
to m

eat, how
ever. Research on toxicities and allergies is still in its infancy.

The health effects on specific 
social groups of diets based on 
protein sources other than m

eat 
m

ust be assessed and 
understood.

M
yToolB

ox is a project funded under the EU
 H

orizon 2020 fram
ew

ork 
program

m
e w

ith 23 partners from
 11 countries. It considers the entire 

soil-field-crop-food processing-w
aste m

anagem
ent-alternative energy chain 

to ensure food &
 feed security and safety w

ithin a sustainable econom
ic 

approach. The project w
ill provide a variety of inform

ation to support 
decision-m

aking in m
ycotoxin m

anagem
ent by all actors in the food and 

feed chains. w
w

w
.m

ytoolbox.eu 
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follow
ed in the past decades, it is now

 possible to sw
itch from

 pure ingredients 
to ‘un-refined’ ingredients, w

hich are richer but not pure in term
s of specific 

com
ponents (e.g. proteins) w

hile still retaining a significant part of the structure 
of the natural raw

 m
aterial from

 w
hich they are m

ade. This results in m
uch 

larger fractions of raw
 m

aterials being used for high-quality food products, w
ith 

m
ore fibre and m

icronutrients in these fractions, giving them
 m

ore stability. 
U

nrefining com
bines m

uch better use of raw
 m

aterials, m
uch low

er use of 
energy and w

ater and m
uch less w

aste w
ith healthier food products that m

ay be 
perceived as m

ore natural. A
llow

ing the natural structure inside ingredients to 
rem

ain intact m
ay elim

inate the need for E num
bered additives. S

im
ultaneously, 

isolating pure com
ponents, e.g. am

ino acids, to fortify existing food products, 
assists in designing foods w

ith specific com
positions.

If new
 sources of raw

 m
aterials for 

food products (e.g. seaw
eed, insects) 

are to be exploited, the food industry 
m

ust innovate to use these m
aterials 

in new
 and existing products. This 

requires product innovation to create 
not only healthy, tasty and stable 
products, but also new

 processes. Food 
safety, shelf life and ease of use for consum

ers m
ust all be addressed. To 

stim
ulate the adoption of these new

 products and to optim
ise the nutritional 

value of m
eals that contain such products, recipes m

ust be developed and 
m

arketing strategies im
plem

ented.

D
ue to the advent of personalised nutrition, consum

ers need help to tune their 
personal ingredients to their individual needs. 3D

 food printing in the kitchen 
allow

s tailor-m
ade products to be m

ade from
 pre-m

anufactured ingredients. 
C
om

bining this w
ith unrefined ingredients m

akes personalised nutrition easier.

N
ew

 packaging im
proves quality and 

safety, especially of fresh products. 
Low

- cost sensors and sm
artphone-

based food analysis (see previous 
section) enable direct consum

er 
assessm

ent of critical quality 
param

eters. Packages that can 
exchange gases w

ith the outside atm
osphere allow

 products to continue their 
natural processes, further extending shelf life. This can reduce food w

aste. O
f 

course, for optim
al results the packaging itself m

ust be designed for reuse or 
biological degradation. Innovations in food production require consum

er tru
st in 

the industry, requiring a strong role for social science research.

The advance of Internet-of-Things applications is an aspect of the 
d

ig
italisation

 of society. In the future, m
any sensors and data 

collection system
s w

ill surround individual citizens. This w
ill allow

 
autom

atic data collection, but the public itself m
ay also be involved 

in subm
itting data (citizen science) on a w

ide range of param
eters. 

From
 sm

artphones and cars, data collection w
ill expand to m

edical 

S
olutions from

 other areas like 
new

 protein sources or 
personalised nutrition w

ill also 
require process innovations in 
food production.

The H
2020-M

S
C
A-ITN

 project ‘FoodS
m

artphone’, started in January 2017, 
proposes the developm

ent of sm
artphone-based bioanalytical sensing and 

diagnostic tools for the sim
plified on-site pre-screening of quality and 

safety param
eters and w

ireless data transfer to the servers of relevant 
stakeholders. 

The scientific training in novel sm
artphone-based sensing technologies 

offered by the project, plus the com
plem

entary skills training provided, w
ill 

have a m
ajor im

pact on future EU
 m

onitoring practices and w
ill pave the 

w
ay for citizen science. w

w
w

.foodsm
artphone.eu 

Regaining the trust of consum
ers 

in products from
 the food 

industry m
ust be the highest 

priority.
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Tran
sp

aren
cy and com

m
unication about the benefits and the purpose of data 

sharing should build trust. A
nonym

isation can help if an independent 
organisation safeguards the interests of individuals. 

N
either know

ledge nor availability alone are sufficient to guarantee 
optim

al dietary choices. Food
 p

ractice is also influenced by other 
aspects of daily life and culture, such as social interactions. In 
com

bination w
ith the fact that there is rarely im

m
ediate feedback on 

unhealthy choices, this causes eating patterns that can result in 
health problem

s later in life. U
nderstanding these m

echanism
s 

requires further research into the dynam
ics of lifestyle and food choices. 

K
now

ing w
hat good food is does not autom

atically lead to adopting the perfect 
diet. Food

 ch
oice is also determ

ined by tim
e and place of consum

ption, 
convenience, group dynam

ics, econom
ics and trust. 

Taste, price, availability, acceptability 
and convenience m

ay push consum
ers 

tow
ards less desirable eating 

behaviour. The breakdow
n of 

traditional fam
ilies and associated 

fam
ily m

eals also plays a role. It is 
often m

ore difficult and expensive to 
eat healthier products. It is entirely possible for industry to develop products 
that contain low

er levels of salt, saturated fats and sugar, but consum
er tastes, 

partly caused by evolution, prefer sw
eet, fat and salty products. C

hanging the 
com

position of food products requires the entire food m
anufacturing sector and 

the authorities to be in agreem
ent. C

ollab
oration

 in the precom
petitive phase 

is needed to reduce or replace these ingredients w
ith acceptable alternatives and 

im
plem

ent them
 in a concerted, gradual w

ay.

It is obvious that food affects the h
ealth

 an
d

 w
ellb

ein
g
 of 

individual consum
ers. The developm

ent of genetic technologies has 
m

ade it feasible to determ
ine the genom

e of each individual. 
Internal (e.g. type of cell, health, reproductive status, etc.) and 
external (tim

e of day, season, tem
perature, etc.) factors determ

ine 
w

hich genes are sw
itched on, and therefore w

hich proteins are 
produced in w

hich cells, at a given tim
e. This in turn determ

ines the 
biochem

istry of the body. A
ligning food intake w

ith biochem
istry ensures that the 

different processes in the body can operate at their best. 

and household devices. C
om

bining 
data from

 different sources w
ill provide 

a com
plete picture of the status and 

lifestyle of each individual and target 
consum

er group, and allow
 extensive 

dem
ographic studies, creating 

opportunities for preventive healthcare 
interventions.

The digitalisation of society w
ill also 

offer opportunities for less developed regions. For instance, relaying detailed 
satellite data to the m

obile phones of sm
allholder farm

ers in isolated areas w
ill 

allow
 optim

al use of scarce resources like fertilisers and w
ater.

D
ata use and m

ining requires 
perm

ission from
 data ow

ners to share 
the data. The big data challenge is that 
data from

 different sources m
ust be 

understandable, storable and usable. 
A
m

biguity regarding ow
nership and 

privacy lead to scepticism
 because 

benefits to consum
ers are unclear 

w
hile large com

panies seem
 to profit. 

The hidden treasures in the data 
can only be revealed and 
exploited if ow

ners are w
illing to 

share their data. This w
ill only 

happen if the m
anner in w

hich 
the inform

ation w
ill be used is 

transparent.

Influencing consum
ers to m

ake 
the right choices requires 
cooperation across the food 
sector.

The digital revolution w
ill m

ake 
m

uch m
ore data available on 

individual consum
ers and on 

groups in society, enhancing the 
understanding of processes 
related to food and food 
consum

ption.
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Issues related to food intolerance and 
food allergies can thus be diagnosed, 
m

onitored and avoided m
ore 

effectively.

U
nfortunately, this is all still largely 

theoretical. S
cience on the link betw

een 
internal and external factors and gene 
sw

itching (transcriptom
ics and 

epigenetics) is still in its infancy. The 
effects of culture and lifestyle are 
com

plex. Long-term
 im

balances m
ay 

extend into subsequent generations. Interactions w
ith system

s that do not share 
our genom

e, like the gut m
icrobiom

e, are still poorly understood but are 
expected to m

ake a significant contribution to the design of personalised 
nutrition. This w

ould m
ake interventions far m

ore precise than current 
correlations based on epidem

iology.

U
nderstanding the long-term

 effect of the presence or absence of certain 
com

ponents in relation to individual characteristics such as genetic m
ake-up, 

age, lifestyle, culture, etc. is an enorm
ous challenge and requires close 

collaboration betw
een the m

edical &
 pharm

aceutical sectors and food &
 nutrition 

scientists. It w
ould also help to identify possible food-related causes for 

conditions for w
hich the causes are not yet fully know

n (e.g. C
rohn’s disease) 

and m
any other food-related sensitivities and allergies. 

Providing sufficient safe and high-quality food in a sustainable w
ay 

requires a tran
sd

iscip
lin

ary ap
p

roach
. D

ifferent disciplines m
ust 

be com
bined and partners from

 different fields m
ust cooperate, 

overcom
ing their varying perspectives on econom

ic viability and 
societal acceptance. A

 
high-tech com

pany w
hich 

usually w
orks for the sem

iconductor 
industry, for instance, is used to 
cleanroom

 conditions and large 
budgets. Their technology m

ight be 
applicable for harvesting tom

atoes in a 
greenhouse, but it first needs to be 
m

ade com
patible w

ith high hum
idity, 

variable tem
peratures, dirt and a poorly 

defined w
orld m

odel. M
oreover, to 

m
ake the system

 effective in practice, 
it needs to be cheap and operable by 
personnel w

ithout technical skills.   

Food is vulnerable to degradation in term
s of quantity, quality and safety. 

Identifying, controlling and m
itigating these risks is a challenge for all actors 

operating in food supply. There is therefore a need for proactive early w
arning 

system
s based on a system

s approach that take into account the com
plexity of 

production system
s and their environm

ent.

A
ligning individual nutrient 

requirem
ents w

ith the com
-

position of food products is an 
im

portant com
ponent of 

preventive healthcare. 

M
ore research is necessary to 

ensure health and w
ellbeing 

based on an adequate diet.

The com
plexity of the issues and 

the interdependencies betw
een 

solutions m
eans that a system

s 
approach is required.

C
ollaboration betw

een 
researchers in different fields is a 
challenge in itself.
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C
lim

ate sm
art and 

environm
entally 

sustainable
Food production is an intricate part of 
our environm

ent. As such, it affects the 
environm

ent and is also affected by it in 
a feedback loop. Intensive anim

al 
husbandry produces too m

uch m
anure 

to be absorbed by plants in the direct 
vicinity, for instance, and dairy production em

its large am
ounts of m

ethane. The 
production of anim

al feed crops leads to a transfer of nutrients and m
ay deplete 

soils elsew
here, w

hereas grazing can also lead to erosion and depletion. The use of 
chem

icals in crop and anim
al system

s m
ay negatively affect surface w

ater, w
hile 

farm
ing and m

any types of greenhouse horticulture require substantial energy 
inputs, contributing to C

O
2  em

issions. Finally, changing w
eather conditions due to 

clim
ate change are likely to influence crop and anim

al farm
ing and its vulnerability 

to natural but harm
ful bio-toxins, pathogens and abiotic stresses.

The only future-proof w
ay forw

ard is to m
odify hum

an activities, including food 
production, in such a w

ay that they do not affect the environm
ent in the long run, 

restore ecological dam
age, adapt to variability, and m

itigate clim
ate change w

here 
possible. 

The developm
ent of flexible 

and resilient plant and 
anim

al system
s depends on 

advanced breedin
g
 

m
ethods to reduce 

susceptibility to pests or 
diseases and any dependency on 
agrochem

icals or drugs. N
ew

 crop varieties and even species w
ith increased 

resource use efficiency, e.g. of w
ater, nitrogen and phosphorus, substantially low

er 
the long-term

 environm
ental footprint of agriculture. O

ptim
ising abiotic stress 

resistance against extrem
e tem

peratures, drought and m
ineral deficiencies or 

Food production contributes to 
both the problem

 of clim
ate 

change and the solution. 

The only future-proof w
ay 

forw
ard is to reduce the 

ecological footprint of activities 
such as food production. 
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excesses increases adaptability in areas 
of w

eather variability. Furtherm
ore, 

im
proved photosynthetic efficiency of 

crop plants results in higher carbon 
uptake from

 the atm
osphere, increasing 

root biom
ass and thus soil carbon. This 

w
ill, in turn, contribute both to low

ering 
global atm

ospheric C
O

2  levels, and to 
soil fertility.  

Externally applied inputs should com
pletely be taken up by the 

production plants or anim
als and not be left behind after harvest. To 

ensure that this is indeed the case, N
ext Level A

gricu
ltu

re optim
ises 

the use of inputs. The H
oly G

rail of precision agriculture is to 
determ

ine the spatial and tem
poral needs of individual plants and 

anim
als and to apply inputs accordingly.

C
ertain production system

s are m
ore vulnerable to perturbations than others and 

require m
ore interventions to m

itigate the effects of these disturbances. 
M

onocultures, for instance, m
ay be vulnerable to pest and disease build-up. 

Versatile robotic system
s w

ill prom
ote 

inter or m
ulti-cropping, reducing the 

risks. Early detection of pests or 
diseases using sm

art sensors w
ill allow

 
adequate sm

all-scale interventions to 
contain and elim

inate the threat. N
ext 

Level Agriculture w
ill therefore elim

inate 
preventive spraying, just like the 
preventive use of antibiotics.

The aim
 of protected cultivation is to 

create a controlled m
icro-clim

ate that aligns w
ith the optim

al grow
ing conditions 

for crops and anim
als. To achieve this, greenhouses are norm

ally heated (in cold 
regions) or cooled (in w

arm
 regions), extra light is provided and the concentration 

of C
O

2  is raised. Apart from
 the C

O
2 —

w
hich is a by-product of current heat and 

electricity generation—
these inputs are energy-intensive and currently dependent 

on fossil fuels. G
reenhouses, how

ever, can also be designed to generate energy. 
Excess heat in the sum

m
er can be stored in the ground to be recovered in the 

w
inter; solar cells in the glass cover can generate electricity; nearby C

O
2  w

aste 
stream

s can be fixed in the biom
ass produced. These high-tech system

s require 
further adaptation for incorporation in urban farm

ing.

The desire for natural foods and production m
ethods - no chem

icals, handm
ade—

needs to be m
atched w

ith the realities on the ground: guaranteeing quality and 
safety of food w

hile reducing chem
ical additives. O

r show
ing that robots in prim

ary 
food production are not necessarily ‘unnatural’. The em

otion
s surrounding 

chem
ical additives and robots, including the supposed supplanting of labour, m

ust 
be addressed transparently and rapidly.

Because 71%
 of the surface 

of the planet is covered 
w

ith w
ater and w

ater is 
m

uch m
ore dynam

ic than 
dry land, oceans play a 
m

ajor role in the earth’s 
atm

osphere. It can therefore also be an 
im

portant elem
ent in helping to m

itigate 
the effects of past hum

an interference 
in atm

ospheric processes. The blu
e grow

th
 strategy aim

s to produce, from
 

m
arine resources, biological base m

aterials for all sorts of applications.

H
igh-tech applications can 

im
prove the sustainability of 

certain agricultural system
s or 

can m
ake them

 econom
ically 

viable.

A
pplicability is also dependent on 

societal acceptance.

It has becom
e clear that oceans 

are not infinite w
aste dum

ps. 
H

ow
ever, they do produce 

valuable products w
hile also 

contributing to the m
itigation of 

environm
ental problem

s. 

The planet w
ill never return to 

the state in w
hich m

ost plants 
and anim

als originally developed. 
S
pecies used for crops m

ust be 
bred to be resilient to changing 
conditions.
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The oceans have long been regarded as infinite in their ability to absorb by-
products and pollutants of hum

an activity. In recent decades, how
ever, it has 

becom
e abundantly clear that this is not the case. M

oreover, it is now
 better 

understood that oceans play an im
portant role in the delicate equilibrium

 of 
atm

ospheric processes, as they absorb substantial am
ounts of C

O
2 . W

e need to 
better understand these dynam

ics before designing large-scale aquaculture so as 
to increase the m

itigation capacity of m
arine system

s. 

Food product innovations sourced from
 m

arine production system
s, especially 

species low
er in the food pyram

id, can clash w
ith con

su
m

er acceptan
ce, 

probably requiring a m
ulti-actor approach.

P
rotein

 tran
sition

s provide acceptable alternatives for the production 
of anim

al protein, as w
ell as substantial contributions to sustainability. 

Elim
inating part or—

theoretically—
all anim

al protein w
ould reduce 

greenhouse gas em
issions substantially (not to zero, since natural 

grasslands w
ould be grazed by other em

itting species) w
hile 

decreasing excess plant proteins from
 feed and feed im

ports. In principle, w
ater 

can be extracted from
 anim

al slurry, but 
that requires energy. The provision of 
balanced proteins from

 anim
al and plant 

sources rem
ains key to future food 

security.

Redesigning industrialised 
food production through in

n
ovation

s in
 food produ

ction
 an

d
 

processin
g
 such as sterilisation or drying w

ith low
-energy inputs 

increases sustainability. Pascalisation or Pulsed Electric Field 
pasteurisation are recent exam

ples, and there are others still w
hich 

need further developm
ent. M

odern industrially produced food products 
are usually m

ade up of discrete ingredients that have been obtained by 
fractionating base m

aterials from
 prim

ary production. Since the behaviour of the 
discrete ingredients is w

ell understood 
and quality can be defined w

ithin sm
all 

m
argins, the processes used to m

ake 
the end product can be controlled m

ore 
easily. But fractionating base m

aterials 
requires energy inputs. This can be 
avoided by using non-fractionated, 
com

plex base m
aterials w

hile 
m

aintaining the quality of the end 
product.

The large investm
ents needed to 

replace production facilities based on 
old process concepts, and m

arket 
insecurity, understandably m

ake 
com

panies reluctant. Another aspect 
that inhibits innovations in food processing are European and national regu

latory 
fram

ew
orks that require dem

onstration of absolute product safety if new
 

processes are used. W
hen given the choice betw

een low
-risk evolutionary 

im
provem

ents to existing products and high-risk revolutionary product innovations 
that require large investm

ents in facilities and proof of safety and health effects, 
m

ost food com
panies choose the form

er. Tackling this requires concerted research 
and policy actions.

A
 transition to m

ore efficiently 
produced proteins w

ill contribute 
to the sustainability of the food 
system

. 

Process innovations like the use 
of non-fractionated base 
m

aterials can m
ake post-harvest 

food production m
ore sustainable. 

Regulatory fram
ew

orks need to 
be revised to m

ake 
im

plem
entation of process 

innovations acceptable from
 a 

business point of view
. 
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The digitalisation
 of society strongly affects agriculture and food 

production through better control and m
onitoring of production. The 

avoidance of suboptim
al conditions enables the optim

isation of the 
entire food system

.

The establishm
ent of m

ore data hubs allow
s for im

proved data 
exchange w

hile preserving the interests of data ow
ners. Individual producers can 

better benchm
ark their ow

n results w
ith the (anonym

ised) results of sim
ilar 

enterprises. D
igital com

m
unication and 

transparency betw
een all links in 

production processes allow
s for further 

optim
isation. 

Block chain technology is expected to 
enable the safe exchange of inform

ation 
throughout food system

s. This 
docum

ents the com
plete history of a product, allow

ing inform
ed choices to be 

m
ade about products that are clim

ate sm
art, m

ore sustainable and produced under 
fair trade conditions.

All this hinges on tru
stin

g partn
ers in inform

ation exchange to respect ow
nership 

and privacy. G
overnm

ental and intergovernm
ental involvem

ent and industry 
standards m

ust be established to ensure objective brokerage and data exchange.

C
onsum

er choices im
pact the ecological footprint. U

ltim
ately, new

 
technologies m

ust be accom
panied by im

provem
ents in food practice 

to nudge consum
ers tow

ards m
ore sustainable choices.

The choice for convenience 
by the m

odern consum
er 

often m
eans precooked m

eals, 
theoretically leading to m

ore packaging 
than w

ould be produced by the 
individual ingredients separately—

 
although it is hard to m

ake a definitive 
judgm

ent, since people often w
aste 

considerable am
ounts of food and w

ater 
w

hen preparing m
eals. The opening hours and prices of food retailers have placed 

an enorm
ous variety of products at the disposal of consum

ers, especially in urban 
areas. The effect of such lim

itless availability raises questions of how
 consum

er 
practice can be influenced w

hile m
aintaining freedom

 of individual choice. 

Everyw
here, urban m

iddle classes are accustom
ed to im

ported products that need 
to be shipped from

 afar. ‘Seasonal diets’ require transportation, greenhouses and 
storage. Im

portation provides em
ploym

ent elsew
here and m

ay m
eet im

portant 
equity goals.

C
h

an
gin

g th
e dietary pattern

s of large groups in society is not trivial, although 
changes, such as in those seen in the last generation, can go very fast. Education, 
com

m
unication and inform

ation on the effects of consum
ption do have som

e 
effects, especially w

here the true environm
ental cost of certain choices is hidden. 

H
ow

ever, inform
ing consum

ers does not guarantee sustainable or healthy choices.

O
ne of the benefits of the availability of out-of-season food products is 

that it allow
s for a varied diet. Vitam

in or other nutrient deficiencies 
have thus becom

e a thing of the past in industrialised countries. 
Although it is highly unlikely that w

e w
ill return to diets from

 before 
the N

utrition Transition, 11 it is essential to assess carefully the effects 
on h

ealth
 an

d w
ellbein

g
 of m

ore sustainable diets. A fundam
ental 

understanding of the relationship betw
een the individual com

ponents of such diets 
and health is therefore essential. As an added bonus, this m

ight also reduce 
allergies and certain other chronic health issues, since it cannot be excluded that 

C
om

bining data w
ill result in 

m
ore inform

ation on the 
efficiency of processes, 
consequently im

proving them
.

The dem
ands for convenience 

and availability often conflict w
ith 

the need for sustainability. The 
choices citizens m

ake regarding 
their food need to be nudged 
tow

ards better alternatives.

11 Popkin, BM
, “N

utritional Patterns and transitions”, Population and D
evelopm

ent review
 19.1 (1993), 138-157
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these m
ay be related to sensitivities to 

specific ingredients. There is an ongoing 
search for other essential com

ponents, 
such as anti-oxidants and special fibres.

If foods are produced from
 m

ore 
com

plex base m
aterials to avoid energy 

intensive fractionation, the health 
effects of all the different com

ponents 
m

ust be understood. M
oreover, since 

the com
position of a com

plex ingredient 
is not alw

ays the sam
e, the regulatory 

fram
ew

ork designed to ensure safety 
needs to be broadened.

Solutions in one field m
ay 

negatively influence results 
in another. Low

er pesticide 
requirem

ents m
ight be 

linked to m
ore natural 

toxins, thus im
pacting food 

safety. M
aking large-scale m

arine 
production econom

ically viable w
ould 

require innovations in both prim
ary production and post-harvest processing. M

ild 
conservation im

pacts shelf life and therefore requires changes in food practice to 
prevent m

ore w
aste. This is w

hy there needs to be an em
phasis on a 

tran
sdisciplin

ary approach
 and acceptability by citizen

s.

In a com
plex system

 a solution 
for one problem

 can easily 
deteriorate the situation 
elsew

here. A
 transdisciplinary 

approach can prevent that.

The year-round availability of 
food products generally 
contributes to the health and 
w

ellbeing of consum
ers. 

H
ow

ever, the role exotic fruits 
and vegetables play in 
sensitivities and allergies need to 
be understood better.
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C
ircularity and resource 

efficiency

Food is a part of local and global ecological cycles. Problem
s arise w

hen im
balances 

occur and large am
ounts of certain com

ponents accum
ulate, so that the absorption 

and recovery potentials of ecological system
s are exceeded. Large-scale production 

often results in lots of w
aste that cannot be recycled in the vicinity. Fossil resources 

created over m
illions of years cannot be replenished. O

ther resources are also 
often depleted and im

portant reservoirs polluted.

The only solution to this is circularity 
and a m

ore efficient use of resources. 
This dem

ands a change in m
indset and 

new
 technologies to turn hitherto 

unused process stream
s and w

aste into 
an opportunity to unlock new

 values. In 
such a system

, m
anure is used as a 

valuable fertiliser, for instance, w
hile 

excess heat from
 factories becom

es an 
input for greenhouses. To m

ove from
 food chains to circles m

eans m
atter is 

returned and responsibility is shared.

As discussed in previous sections, breedin
g
 is a pow

erful tool for 
ensuring desired characteristics for plants and anim

als. The m
ost 

im
portant biological process 

on the planet is the 
conversion of sunlight into 
energy-storing organic 

com
pounds and oxygen by plants. 

Studying the process at the m
olecular 

scale m
akes it possible to breed m

ore 
efficient plants. Im

proving the efficiency 
of photosynthesis w

ould increase yield and have direct effects on resource 
efficiency.

Efficient use of resources and 
care that they can be used over 
and over again should be the 
basis of a sustainable food 
system

. This requires a shift from
 

chains to circles.

Photosynthesis is the basis of all 
life on earth. Im

proving its 
efficiency w

ill substantially 
increase resource efficiency.
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Breeding can also be used to boost 
circularity by optim

ising the by-products 
of food production processes. Looking at 
w

aste as a value proposition prom
otes 

designing the properties of the w
aste to 

m
ake it optim

al for the next process. In 
the past, w

aste has tended to be used ‘as is’, that is, w
ithout changing its 

com
position. This resulted in a clear difference betw

een co-products (by-products) 
and w

aste. Take m
anure, traditionally used for fertilisation or burnt for energy. 

Im
proving the com

position of w
aste to m

ake it better suited for these processes 
m

ight reduce its prim
ary value, but offer a better, m

ore circular and m
ore 

resource-efficient system
 overall.

The bu
sin

ess case for extracting these com
ponents is often poor and cascading 

can help im
prove it. In cascading, w

aste stream
s are view

ed as a com
plex m

ixture 
of m

ore and less valuable com
ponents, w

hile keeping in m
ind that different 

com
ponents can have different values at different stages. The cut-off depends on 

the type of w
aste, the econom

ic feasibility of extracting certain com
ponents, the 

m
arket for these com

ponents and cultural issues. This is a dynam
ic system

 that 
can change over tim

e and by geographical region. H
ow

ever, it can be influenced if 
breeding is used to im

prove the co-products w
ith cascading in m

ind. The processes 
used to unlock or extract certain com

ponents are often biological and can be 
optim

ised w
ith state-of-the-art genom

ic 
techniques. Breeding plants specifically 
to enhance their w

aste value alongside 
the value of their current product is a 
field that is only just becom

ing 
established. As long as this is achieved 
in a m

anner w
hich does not im

pact the 
prim

ary product, a w
in-w

in situation 
w

ith added value can be created.

Plant breeding w
ill also help the 

transition of our current fossil econom
y 

to a bio-econom
y in w

hich food production form
s an intrinsic part. Replacem

ent of 
parts of the fossil feedstocks used in the chem

ical industry by bio-based feedstock 
produced as part of an integrated agricultural system

 w
ill dram

atically im
prove the 

overall resource use efficiency of the system
, elim

inating the com
petition betw

een 
food, feed and fuel (although the effects of w

ithdraw
ing organic m

atter from
 soils 

m
ust be m

onitored).

Exam
ples include the production of bioplastics like PEF from

 biom
ass and the 

production of rubber from
 dandelion (Taraxacum

 koksaghyz). M
odern breeding 

technology, in com
bination w

ith a better use of available natural genetic diversity, 
is pivotal in realising the desired developm

ent of crop plants w
ith im

proved w
ater 

use efficiency, m
ineral usage and photosynthetic efficiency.

O
ne of the im

portant drivers of N
ext Level A

gricu
ltu

re is 
sustainability. By m

anaging production capacity at the individual plant 
or anim

al level, input can be m
atched to need and very little is w

asted. 
Fertiliser is dosed according to the condition of individual plants and 
pesticides are largely replaced by biological agents and only applied 
w

hen and w
here necessary. 

In anim
al husbandry the am

ount and 
com

position of feed is optim
ised for the 

production status of each anim
al and 

the early detection of diseases m
akes 

cures sim
pler and requires less and 

less-strong drugs w
hile the risk of 

spread is reduced.

B
reeding can also positively 

contribute to the reusability of 
by-products and side stream

s.

The transition from
 a fossil to a 

bio-based econom
y or the rate at 

w
hich by-products are used can 

often be determ
ined by econom

ic 
factors. Im

proving the business 
case through breeding w

ill 
therefore im

prove resource 
efficiency.

Fine-tuning the inputs to the 
needs of the plants and anim

als 
in N

ext Level A
griculture 

optim
ises their use and protects 

the soil and the environm
ent.
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Soil is an im
portant production factor, and excessive nutrients/chem

icals and soil 
depletion threaten sustainability. Soil is generally considered a non-renew

able 
resource w

ith lim
itations on use. In organic agriculture, legum

inous plants and 
anim

al m
anure are used to m

aintain the fertility of the soil, but this requires am
ple 

grazing areas and m
akes the fine-tuning of nutrients m

uch m
ore difficult. 

Rem
oving affected plants before a pest has a chance to spread w

idely m
inim

ises 
the need for pesticides but is labour-intensive. Autonom

ous m
achines can replace 

such additional hum
an labour in onerous tasks. Scientifically, it is m

ost likely that 
future sustainable food system

s w
ill use the best techniques of conventional and 

organic system
s, depending on econ

om
ic viability and potential for upscaling.

In blu
e grow

th
 strategies, large scale production in m

arine system
s 

m
ust becom

e sustainable and pollution elim
inated.

W
hile seaw

ater contains all sorts of valuable com
pounds and m

inerals, 
their concentrations are usually too low

 to harvest directly from
 the 

w
ater. Biological system

s have the ability to accum
ulate them

, 
how

ever, and a cleverly designed 
harvest system

 w
ould replace the need 

for deep-sea m
ining. An interesting 

option is the developm
ent of cascades 

of com
binations of organism

s that can 
convert organic debris or w

aste into 

valuable and possibly even edible products. Large am
ounts of nitrate and 

phosphate currently leak out of agricultural and industrial production system
s and 

are eventually transported via the rivers to the oceans. Placing large scale seaw
eed 

cultivation areas in estuaries and along coastlines w
ould enable the recovery of 

vast am
ounts of fertiliser for agriculture w

hich w
ould otherw

ise be lost. 

The conversion rate of plant protein to m
eat protein in traditional m

eat 
production can be as poor as 10%

. This m
eans that a cow

 m
ust eat 

ten kilogram
s of plant protein to produce one kilogram

 of m
eat. G

iven 
the grow

th in global 
dem

and for m
eat and fish, 

w
e need to develop 

integrated protein transition packages 
w

hich include m
eat replacem

ent on the 
basis of plants (such as seaw

eed) or 
insects. This is w

hat protein
 

tran
sition

s address. 

Although livestock can recycle biom
ass 

from
 resources not suited for hum

an 
consum

ption, this is not com
m

on 
practice in intensive anim

al husbandry. Feed is not usually produced on nearby 
fields but is transported from

 other regions, often even other countries or 
continents. The anim

als only partly convert the feed into the desired product, w
hile 

the rest locally becom
es m

anure, m
ethane and C

O
2 . M

anure is an im
portant source 

of nitrogen and phosphorus in crop production and provides organic m
atter that 

contributes to soil fertility. If it could be transported to the region w
here the feed 

w
as originally produced, the production cycle could be closed. U

nfortunately, this is 
currently not econom

ically viable. O
ther form

s of use m
ust be found, for instance 

the harvesting of nutrients from
 m

anure.

To im
prove circularity and resource efficiency, it is necessary to 

im
plem

ent in
n

ovation
s in

 food produ
ction

 an
d processin

g
 that 

reduce by-products. If by-products are unavoidable, processes m
ust 

be designed to enhance their value through the extraction of valuable 
com

ponents. C
ascading can turn the w

aste of one process into raw
 

m
aterial for another.

Food products are susceptible to spoilage. Efficient storage and logistical processes 
can, how

ever, deliver them
 to consum

ers w
ith as little quality degradation as 

M
arine system

s contain valuable 
com

pounds that can be exploited 
through biological system

s.

Replacing anim
al products w

ith 
plant-based products increases 
resource efficiency. B

ut anim
al 

husbandry is also useful because 
of its ability to unlock certain 
resources for hum

an 
consum

ption, especially w
hen 

circles can be closed. 
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possible. Preservation is used to slow
 

dow
n quality deterioration. The dem

and 
for fresh products in com

bination w
ith 

the dem
and for convenience and longer 

shelf lives has triggered the 
developm

ent of m
ild preservation 

techniques. Such m
ethods are only 

feasible for a lim
ited num

ber of 
products. M

oreover, som
e of them

 are batch processes w
hich are m

uch m
ore 

expensive than continuous processes. N
ew

 processes, or im
provem

ents on existing 
ones, are required to im

prove their econom
ic viability.

A new
 approach to shelf life extension m

akes use of stabilisers against 
m

icrobiological or chem
ical degradation that naturally occur in the relevant 

foodstuffs. This is sim
ply done by leaving intact a part of the structure that w

ould 
norm

ally be rem
oved through processing. For exam

ple, w
hole oil bodies that still 

have their phospholipid/protein m
em

brane rem
ain com

pletely stable for m
onths. 

The use of benign ferm
entation and antim

icrobial and antifungal com
ponents w

hich 
occur naturally in plants, seeds and sprouts lead to products that com

bine 
sustainability w

ith longer shelf life and better health through the retention of fibre, 
m

icronutrients and natural antioxidants.

The digitalisation
 of society offers better opportunities to align 

supply and dem
and, especially for perishable food products. N

ew
 

business concepts m
ake use of the internet to com

bine inform
ation on 

the supply of fresh food products, like fish or fruits, w
ith the dem

ands 
of individual custom

ers. C
lever logistical system

s ensure that these 
products are delivered only one or tw

o days after production. O
ther 

e-com
m

erce tools deliver the com
plete set of fresh ingredients required for a m

eal, 
including the recipes, to the hom

e of the consum
er, com

bining convenience, 
freshness and m

inim
al w

aste. 

Fresh products are often given short 
sell-by dates: producers are 
conservative in setting these dates in 
order to ensure that their brand im

age 
does not suffer from

 spoiled products. 
Past their sell-by date, these products 
can, at best, be sold at reduced prices—
m

ostly, they end up as w
aste. To 

counteract this tendency, sensors can be added to the packaging to directly 
m

onitor the quality of the product inside and adjust the sell-by date as appropriate. 
M

oreover, such sensors can also be integrated w
ithin hom

e autom
ation system

s to 
enable a w

arning from
 the refrigerator if it detects a product that is approaching 

the end of its useful life. This has the added value of reducing the dom
estic w

aste 
stream

 as w
ell.

C
lim

atic fluctuations in a given area are experienced by all producers, resulting in 
prices that oscillate depending on the period. These fluctuations also occur because 
farm

ers tend to sw
itch en-m

asse to products that brought in a good price the 
previous year, resulting in overproduction in the follow

ing year. From
 a resource 

efficiency point of view
, this is highly undesirable. D

igitalisation of production 
system

s and data exchange w
ith retail organisations can prevent this, and 

accurately predict alternative m
arkets.

A citizen
-cen

tric approach
 is required to build support for the benefits of 

digitalisation. G
overnm

ents, science institutes and the private sector therefore 
need to invest in a food digitalisation dialogue.

In m
ost industrialised countries, consum

ers dem
and convenience—

in 
other w

ords, ready-m
ade m

eals. At the sam
e tim

e, consum
ers w

ant 
products to be as fresh as possible. To accom

m
odate these conflicting 

dem
ands, the food industry has developed intricate packaging 

concepts that can substantially increase the shelf life of fresh products. 
Food practice w

ith regard to fresh unpackaged foods m
ay partly 

A
 dom

inant factor in the poor 
sustainability of the food sector is 
w

aste. Reducing w
aste and 

unlocking the value of w
aste is 

the key to resource efficiency.

Inform
ation exchange betw

een 
supply and dem

and in 
com

bination w
ith new

 production 
and logistics concepts can ensure 
better use of resources through 
just-in-tim

e delivery of the right 
food products.
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change, although the dem
and for convenience rem

ains strong. Recyclable 
packaging is still in its infancy. C

hanging logistics reduces the travel tim
e of 

individual consum
ers to superm

arkets. 
E-com

m
erce and, ultim

ately, delivery by 
autonom

ous vehicles on a large scale 
are also w

ell w
ithin reach.

Industrialised production leads 
consum

ers to expect product uniform
ity. 

The food industry therefore tries to 
control production processes so as to 
ensure that there are few

 products 
outside of certain size, colour and shape 

form
ats. Produce below

 certain quality lim
its is destroyed or sold at a low

er price. 
This leads to entire w

aste stream
s of only m

arginally undesirable products. This 
can be solved by new

 product specifications and changing consum
er behaviour. 

Shifting undesirable products to feed is feasible but dem
ands regulatory 

adjustm
ents.

Although food in Europe is very safe, vulnerable groups such as the 
elderly m

ay occasionally experience food poisoning. Furtherm
ore, 

there is an apparent increase in the prevalence of food-related 
sensitivities like allergies. At the sam

e tim
e, social m

edia are 
instrum

ental in spreading hypes around supposed food allergies or 
pseudoscientific concepts like ‘detoxification’. There m

ay be reason to 
investigate if there is a w

idespread shortage of som
e m

icro-organism
s in our food 

or environm
ent that is contributing to this apparent increase in food-related 

sensitivities. It could very w
ell be that our h

ealth
 an

d w
ellbein

g
 are negatively 

affected by the practice of throw
ing aw

ay everything that is even suspected of 
being contam

inated or spoiled.

C
onsum

ers w
ith m

ore resource-efficient 
diets m

ay m
iss out on critical nutrients. 

Som
e vegetarians and vegans, for 

instance, require supplem
entary or 

alternative sources of B12, and 
som

etim
es iron, to stay healthy. W

hen 
encouraging such diets in less 
developed countries, it is im

portant to 
pay attention to vitam

in and m
icro-

elem
ent deficiencies.

Throw
ing aw

ay everything that is 
even suspected of quality 
deterioration is a w

ay to m
ake 

food products very safe. B
ut can 

the absence of m
icro-organism

s 
also account for the increase in 
food sensitivities?

S
ophisticated packaging concepts 

respond to the dem
and for 

convenience, but they contribute 
to a w

aste of resources. C
itizens 

m
ust becom

e aw
are of their role 

in this and be w
illing to change 

their practices.



Food Transitions 2030 | 51

Innovation and 
em

pow
erm

ent of 
com

m
unities

Food is a basic need, and it is a prim
ary 

concern for all hum
ans to m

ake sure 
that their food supply is guaranteed. 
This is m

uch easier to achieve 
collectively than individually. Social 
structures have grow

n over the years to 
ensure that surpluses in one period or 
region are used to cover shortages in 
another through storage or trade. The 
vested interest that individuals have in these structures helps bind them

 together. 
C
om

m
unities are therefore in m

any w
ays the core units of hum

an society. Food 
and activities related to eating —

like buying food products at m
arkets or preparing 

m
eals—

are, in turn, im
portant elem

ents in the cohesion of com
m

unities.

Food production is also an im
portant econom

ic activity for rural regions. M
any 

people earn a living in the food sector, from
 prim

ary production and post-harvest 
processing to transportation and retail, but also in bars, restaurants and food stalls. 
A substantial part of any country’s gross national product is associated w

ith food. 
H

ow
ever, w

orking conditions in the food processing and service subsectors are not 
alw

ays optim
al nor hygienic. Any proposed technological changes m

ust be 
assessed on their social effects as explained below

.

C
oastal com

m
unities are 

vulnerable to flooding, 
salinification and extrem

e 
w

eather. C
lim

ate change 
m

ay m
ake agriculture 

altogether im
possible in 

already arid regions. These 
developm

ents m
ay result in large-scale 

m
igrations. The new

 breedin
g
 m

ethods 

Innovations through new
 

breeding m
ethods can help 

coastal com
m

unities to develop 
m

ore clim
ate sm

art and 
sustainable w

ays to produce their 
food.

Food and eating behaviour are 
part of the glue that holds 
com

m
unities together. The 

production of food is an im
portant 

econom
ic activity that provides 

w
ork for m

any people.
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discussed earlier are an im
portant source of innovations that m

ay help 
com

m
unities to increase production in a clim

ate sm
art and m

ore sustainable w
ay 

w
ithin a circular econom

y. It is im
portant to rem

em
ber, how

ever, that such 
m

ethods m
ay not be instantly accepted by everyone, and that farm

ers and 
consum

ers need to be involved in the decisions on breeding priorities.

Another key aspect of the new
 breeding 

techniques is governance. This ranges 
from

 international rules that can 
m

inim
ise recourse to m

ultiple national 
(e.g. Am

erican, C
hinese and European) 

legal system
s to the national (entry into 

force of international agreem
ents), and 

even the local level, once new
 techniques have becom

e so cheap that they lead to 
do-it-yourself biotech kits, w

ith results that w
ill be hard to oversee by 

governm
ents. 

A third, related topic that calls for attention is the business m
odels used w

ith these 
new

 techniques. The European system
 of plant breeders’ rights is quite open, w

ith 
relatively fast introduction of new

 cultivars and innovation available to breeders. 

G
enetic m

odification and new
 breeding techniques are increasingly covered by 

patent law
, w

hich is m
ore closed, but has the advantage of being able to attract 

m
ore financing. 

W
ith retailers (and, via big data, perhaps others) unlocking new

 insight into 
consum

er preferences, new
 alliances could be form

ed w
ith breeders (and even 

consum
er N

G
O

s, for instance those that represent consum
ers w

ith a certain 
allergy) to create specialised varieties and m

arket these jointly.

In m
any countries, it is becom

ing increasingly difficult to find the 
labour force necessary for m

any types of w
ork in current agricultural 

or food industries. The w
ork is often seen as having m

any negative 
aspects and does not appeal to young people. As a result, the average 
age of Japanese farm

ers is 67, w
ith succession a m

ajor problem
. O

ther 
industrialised countries are in a sim

ilar situation. Against this 
backdrop, N

ext Level A
gricu

ltu
re can be a real source of innovation that m

ay 
replace hazardous, hard, dirty and dull labour. It can also m

ake the agri-food 
sector attractive to technology-oriented 
youth and halt m

igration.

Like m
echanisation in the 1950s, the 

increase in the use of IC
T can lead to a 

large outflow
 of labour from

 the 
countryside. Value-added processes w

ill 
m

ove to areas w
ith a high quality of life. 

This w
ill im

prove the resilience of 
com

m
unities in rem

ote areas. IC
T can 

also support such com
m

unities. 

Robotisation m
ay lead to shorter w

orking hours. As m
any rural areas in Europe are 

not too far from
 a city, this m

ay create new
 chances in areas rich in natural beauty 

and biodiversity. 

N
ext Level Agriculture w

ill require 
innovation processes that bring farm

ers, 
other food chain partners and the 
high-tech and IC

T sectors together. 
There w

ill be a need for innovation 
hubs, and the availability of venture-
capital rem

ains an issue. System
s 

In m
any com

m
unities, it is 

difficult to recruit enough w
orkers 

for food production. In addition to 
alleviating physical strain, the 
im

plem
entation of key enabling 

technologies can also m
ake the 

sector m
ore appealing to young 

people. 
To ensure w

orldw
ide level playing 

fields for these innovations, rules 
and regulations need to be 
harm

onised betw
een countries.

The inform
ation-driven 

innovations require solutions that 
acknow

ledge ow
nership rights of 

data. 
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past, the open sea w
as reserved for shipping and fishing. Today, oil platform

s (one 
day perhaps repurposed as seaw

eed farm
s), w

ind turbines, nature reserves, 
aquaculture and m

ore are all also com
peting for space.

H
um

ans have com
plex relationships w

ith m
any anim

als. W
e have 

m
illions of pets, use anim

als as beasts of burden, keep them
 for their 

products such as honey, m
ilk or w

ool, eat m
any of them

, and benefit 
from

 their ecological roles (pollination, for instance). At the sam
e tim

e, 
m

any urban consum
ers do not w

ant to be confronted w
ith the realities 

of raising and killing anim
als for consum

ption (especially w
hen it 

concerns m
am

m
als), suffer the environm

ental effects of large-scale livestock 
production, or risk health problem

s due to zoonoses, antim
icrobial residues or 

resistance in livestock production. P
rotein

 tran
sition

s m
ust therefore aim

 at 
providing m

eat-like, protein-rich products that w
ill partially substitute protein from

 
anim

al sources by plants or replace current practices by m
ore sustainable and 

anim
al and consum

er-friendly ones. 
G

ood treatm
ent of anim

als is also 
helped by sensor technology 
(m

onitoring of stress levels), and 
putting cam

eras in farm
s and 

slaughterhouses increases transparency 
and discourages abuse. 

The relationship betw
een the occurrence, scale and intensity of diseases in anim

al 
system

s is com
plex. This requires further study, for instance to establish w

hether 
less intensive system

s lead to low
er disease pressure or, on the contrary, that there 

is better control in highly intensive system
s.

Furtherm
ore, low

 disease pressure m
ay m

ake anim
als m

ore resilient to m
ild 

disease challenges, thus reducing the need to adm
inister drugs such as 

antibiotics. 12 This in turn m
ay reduce the risks of creating antibiotic-resistant (AM

R
) 

strains that pose serious threats to hum
ans. 

Agricultural production, post-harvest processing and the food industry 
usually benefit from

 scale increases. U
nfortunately the local 

com
m

unity usually experiences few
 of the econom

ic benefits and m
ost 

of the environm
ental and societal burdens. In

n
ovation

s in
 food

 
produ

ction
 optim

ise the scale of production w
ithout negative 

w
ithin w

hich farm
ers and consum

ers can exercise their ow
nership rights on data 

platform
s based around the consent that others can have access to their data for 

certain purposes represent an interesting option. The trend to big data w
ill require 

oversight (perhaps via an om
budsm

an or algorithm
 authority) over the quality of 

the data science behind the big data m
achines. 

The cohesion of com
m

unities that rely on fishing is under pressure 
from

 threats to traditional fishing practices. A next-level blu
e grow

th
 

strategy can allow
 new

 contributions to the prosperity of coastal 
com

m
unities to be developed. Aquaculture, industrial production of 

m
arine plants and other elem

ents of 
blue grow

th strategies trigger 
innovations and provide alternative 
sources of incom

e to coastal 
com

m
unities. In the future, blue grow

th 
strategies w

ill also require the interests 
of different stakeholders to be balanced. 
Take the N

orth Sea, for exam
ple: in the 

B
lue grow

th strategies can 
provide alternatives for 
com

m
unities that relied on fishing 

in the past. B
ut they also require 

balancing the interests of new
 

stakeholders. 

A
lternative protein sources can 

help to resolve the problem
atic 

relationship of com
m

unities w
ith 

eating m
eat.

12 Van D
ixhoorn ID

, Reim
ert I, M

iddelkoop J, Bolhuis JE, W
isselink H

J, Koerkam
p PW

G
, Kem

p B and Stockhofe-
Zurw

ieden N
, 2016. Enriched H

ousing Reduces D
isease Susceptibility to C

o-Infection w
ith PR

R
SV and A. 

pleuropneum
oniae in Young Pigs. PLoS O

ne, 11, e0161832.
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As such large-scale and som
etim

es intim
ate inform

ation exchange w
ill require 

tru
st betw

een partners, the first im
plem

entation should take place w
ithin a 

pre-existing com
m

unity. For m
any, it w

ill be m
uch m

ore acceptable to share 
inform

ation w
ith a local supplier w

ith w
hich they are acquainted than w

ith a large 
and anonym

ous organisation.

D
igitalisation can lead to new

 distribution m
odels, as is already being dem

onstrated 
in cities w

ith concepts of hom
e delivery. This is revolutionising food retail. 

At the m
om

ent the 
com

m
on food practice of 

the m
ajority of consum

ers 
is to choose w

hat they eat 
based on em

otion, 
tradition, availability and 
financial considerations. Further investigation is required into the w

ays 
in w

hich food practice is evolving and the effects of com
m

unity, social m
edia, 

education and governm
ent policy.

consequences for econom
ic viability. This w

ill require m
anufacturing processes that 

are efficient, w
ith m

uch sm
aller units and batches, and w

ith parallel processing if 
larger operations are needed. Franchising m

odels could ensure that the fixed costs 
that need to be covered by large volum

es (e.g. m
arketing, R

&
D

) stay centralised.

Local production and processing m
ay 

em
pow

er local com
m

unities and provide 
em

ploym
ent. H

ow
ever, further 

investigation is necessary to see 
w

hether m
ore local production really 

results in shorter value chains, a fairer 
distribution of incom

es and greater 
consum

er engagem
ent.

The prices of agricultural produce often fluctuate strongly, especially during and 
just after harvest, leaving producers exposed. Farm

ers need to stabilise their 
harvested m

aterials in order to sell at appropriate tim
es. Slow

ing dow
n processes 

like dehydration, partial ferm
entation or partial processing w

ill allow
 perishable 

crops to be stabilised. This w
ill in turn reduce dependency on large trading houses. 

At an even sm
aller scale, new

 food production and preparation concepts also 
benefit individual households. It w

ill soon becom
e possible to produce foods in the 

hom
e that could previously only be m

ade in large factories. This w
ill allow

 
ingredients to be fine-tuned to the in

dividu
al preferen

ces of household 
m

em
bers.   N

ew
 business propositions, in w

hich dem
and for fresh products w

ithin 
a digitised com

m
u

n
ity is m

et by local producers, w
ill give rise to 

new
 opportunities to connect supply and dem

and. These functions can 
initially be developed via w

ebsites and subscriptions, w
hich w

ill 
eventually be substituted by Internet–of-Things developm

ents that w
ill 

enable m
ore household devices to 

com
m

unicate autonom
ously w

ith 
external system

s. U
ltim

ately, these 
functionalities can becom

e fully 
autom

atic, for instance signalling a 
supplier just before a given fresh 
product runs out in the fridge.

Innovations w
ill enable local 

production that m
akes 

com
m

unities m
ore self-

sustainable and reduces the need 
to transport food products.  

The evolution and im
pact of food 

practice need further 
investigation.

The exchange of inform
ation w

ill 
enable supply and dem

and for 
food products to be balanced 
locally. These opportunities 
require trust am

ong consum
ers 

and new
 business m

odels.   
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Intertw
ined im

plem
entation

The challenges for the agriculture and food sectors are obviously connected, and 
facing them

 w
ill require a concerted effort based on cooperation betw

een different 
stakeholders and a strong em

phasis on innovation. It also requires clear and 
concerted policies on the European and national levels to enable innovation 
through suitable regulatory and fiscal 
fram

ew
orks. The transitions to a 

sustainable, affordable, trustw
orthy and 

high-quality food system
 can be 

achieved in the next decade or tw
o if 

the follow
ing steps are taken.

P
an

-Eu
rop

ean
 collab

oration
 

in
 p

u
b

lic-p
rivate p

artn
ersh

ip
s

O
pen innovation—

accepting any partner w
ho can m

ake a positive contribution—
is a 

key prerequisite. Subject to the usual scientific scrutiny, know
ledge institutes m

ust 
w

ork together w
ith large food com

panies w
ho are able to develop products and 

scale up processes. SM
Es have a pivotal role to play as local and agile specialists. 

C
ross-disciplinary w

ork m
ust be incentivised w

ithin universities, including in 
curriculum

 developm
ent, to boost collaboration w

ith innovative com
panies, both 

large and sm
all. O

penness to disciplines, com
panies and partners from

 outside the 
food and agricultural sectors ensures m

axim
um

 society-w
ide effectivity and the 

efficient adoption of concepts developed elsew
here.

 The agriculture and food sectors need to 
learn from

 other sectors how
 to 

im
plem

ent open innovation so to 
increase the effectivity of R

&
D

 efforts. 
The m

ost effective w
ay to com

plete the 
challenges as quickly as possible is by 
building consortia of partners that share 
a com

m
on long-term

 goal. 
Precom

petitive public-private 
partnerships (PPPs) can overcom

e the 
fundam

ental hurdles m
uch quicker than 

individual com
panies. The developm

ent of the com
pact disc (C

D
) in a partnership 

betw
een tw

o com
petitors (Philips and Sony) or com

petitors in the autom
otive 

The extent and com
plexity of the 

challenges the food system
 faces 

require collaboration betw
een all 

actors. This can best be achieved 
if they are united in their efforts 
through a joint undertaking.

Transdisciplinary public-private 
partnerships, w

hich include all 
partners necessary to ensure 
success, in com

bination w
ith 

roadm
apping to align individual 

strategies w
ith com

m
on goals, 

are the ideal collaboration 
fram

ew
ork.
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industry sharing the developm
ent costs of certain com

plex car com
ponents are 

both exam
ples of the kind of open innovation that unfortunately rem

ains rare in 
the agriculture and food sectors. The collaboration w

ith partners from
 high-tech 

sectors to solve com
plex problem

s can dem
onstrate the effectiveness of open 

innovation to the m
ore conservative agriculture and food com

panies.

C
ross-overs w

ith
 oth

er fi
eld

s
As m

any of the challenges are not exclusive to the agriculture and food sectors, 
other sectors also need to be involved. There are issues that no sector can resolve 
in isolation, and w

hich require aw
areness of the developm

ents in neighbouring 
sectors and the possible negative consequences of certain solutions in other 
sectors. 

There are m
any interdependencies 

betw
een agriculture &

 food and other 
sectors. Food is an im

portant 
com

ponent of preventive healthcare, 
and this links it to curative healthcare in 
the m

edical and pharm
aceutical sectors. 

In the future, agricultural production 
system

s w
ill also produce chem

icals 
that are currently refined from

 fossil 
sources and provide inputs to the chem

ical sectors. Both the agriculture and food 
sectors are very m

uch dependent on large am
ounts of clean w

ater, w
hich they 

consum
e and turn into polluted w

ater. The valorisation of by-products and the 
w

aste stream
s of the agricultural or food industry produce m

aterials that can be 
used in other sectors. Furtherm

ore, the agriculture and food sectors are also 
strongly dependent on sectors such as transport and logistics, process engineering 
and control, m

aterials sciences, IC
T, retail, m

echanisa¬
tion and high-tech. 

C
ross-overs betw

een the agricultural &
 food sectors and sectors like IC

T, high-tech, 
w

ater, chem
istry and m

edicine stim
ulate the exchange of successful concepts. 

Interdisciplinary collaboration betw
een different sectors enables the quick adoption 

of solutions and m
axim

ises the efficiency of research efforts: it should therefore be 
encouraged. 

R
oad

m
ap

p
in

g
To enable this type of collaboration betw

een partners of different types, 
m

echanism
s need to be put in place to align individual am

bitions, plans and 
activities. Roadm

apping is a proven w
ay to achieve this.

A roadm
ap is a com

bination of a long-term
 goal (or set of goals) and a series of 

steps or stages designed to achieve it. Partners—
even com

petitors—
w

ho have 
identified sim

ilar long-term
 goals and recognise the im

portance of collaborating to 
achieving those goals can form

 a consortium
. C

ollaboration can only succeed if all 
partners have a clear view

 of w
hich part of the roadm

ap is precom
petitive and 

w
here the com

petitive phase starts, and have a strategy to capitalise on the results 
along the w

ay. Inclusion of com
petitors in future consortia m

ay even be a good 
criterion for evaluating the m

aturity of partners in the consortium
 and for ensuring 

open innovation. Backcasting from
 the long-term

 goal can perm
it the definition of 

interm
ediate goals required to m

ake progress tow
ards the m

ain goal (see Figure 
2).

 Figure 2

Roadm
apping relies on a shared long-term

 goal that aligns the research and developm
ent 

activities of individual partners in a precom
petitive phase.

The roadm
ap links short-term

 activities to a long-term
 perspective and involves 

partners such as SM
Es, w

ho usually focus on goals that can be achieved in one to 
tw

o years. 

Food
 system

 tran
sition

s—
a join

t u
n

d
ertakin

g
M

ore than ever, agriculture and food cannot be perceived as isolated sectors that 
require separate policies. The tim

e has com
e for a m

assive, pan-European joint 
undertaking to lead the transitions to a sustainable, affordable, reliable and 
high-quality food system

 in the next decade or tw
o that w

ill fulfil the needs of a 
diverse and grow

ing population. O
nly a large-scale cooperation betw

een private 
partners, know

ledge partners, consum
er organisations, N

G
O

s, investors and 
governm

ents can generate the m
om

entum
 required to shift the paradigm

s, develop 
com

ponents of the system
 to new

 states and dem
onstrate that the required 

transitions can be m
ade as long as all stakeholders are com

m
itted to m

aking them
 

happen. D
espite the good intentions, how

ever, the devil rem
ains in the details of 

the m
any interconnected parts of such transitions.

The food system
 has close links 

to other sectors. C
ross-overs 

betw
een sectors allow

 solutions 
from

 one to potentially also be 
im

plem
ented in others, im

proving 
efficiency for all.

2 years
5 years

10 years
20 years

Long term
 goal

B
ackcasting
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