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> Agrifood systems

The way people organize
themselves, in space and time,

Agricultural
production

to obtain and consume food
Malassis 1994

Many interrelated activities
Many stakeholders
Many value chains

From local to global

Non-food use

Distribution
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> Dominant agrifood systems

@ Global system
High-tech production
Long supply chains
im Mass production

& Mass retailers
Diversified food offer
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v Significant production volumes
v Economies of scale

v Low prices

v" Controlled logistics

v Significant and stable economic
activity

v" Offer in response to consumer
expectations

v Food safety
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> Dominant agrifood systems

ENVIRONMENT SOCIAL HUMAN HEALTH ECONOMY

x 25-30 %
environmental
impacts due to the
agrifood systems

% Climate
X Biodiversity
X% Pollutions

X Agriculture
X Losses and wastes
X Cold chain

x Packaging / plastic

x Decline in rural X Obesity Farmers S'Efatlon
unsustainable
employment * Diabete X Other actors: highly
x . .. .
Poverty and social X Malnutrition contrasted situations

exclusion among _
farmers % Exposure to X Food industry: 1% of

: : companies generate
. endocrine disruptors
X Precarious contracts P more than 50% of

for workers X « Ultraprocessed » sales

food '
x Loss of consumer * Inequitable
) i . distribution of
confidence in their income between
food actors

INRAZ

Agrifood systems and coupled innovation
2025 August 28 / FSD8 / Caroline Pénicaud

MORE

NEED FOR SUSTAINABILITY
CHANGE
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> Dominant agrifood systems: need for change towards more sustainability

O\
AGROECO LOGY

PRODUCTION
Agricultural

production

v

CONSUMPTION

USE
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> Adapting processing to different raw materials

Agroecology = game changer in the relationship between agriculture and processing

Standardized raw materials
High volumes of production

Agricultural
production Processing

N Raw materials v

Diversified
AGROECOLOGY Production type, varieties

Variable Heterogeneous
Over the seasons Between batches

Small amounts
in each production
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> Adapting processing to different raw materials

Designing new processes / new process working conditions

Processing

N

l @odulariD
hterhouse
(Coupled operationD

INRAZ Inspiration from South?
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> Encouraging change in consumption patterns

Designing consumption recommendations

Consumption

N

Scientific recommendations National recommendations

® PROGRAMME NATIONAL
* NUTRITION SANTE

= | \. Meat consumption
trategie nationale
iyt v’ Especially red meat
28'27'2"3?3
/" Pulse consumption
: v’ Protein, fibers, micronutrients
T Leoume, tANC
. e v' Agronomic benefits
. AGROECOLOGY
From Willet et al. 2019
INRAZ
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> Encouraging change in consumption patterns

Consumption trends

Per capita meal consumption by type, World, 1961 to 2022

Per capita meat consumption is broken down by types of meat, and is measured in kilograms per person per
year.

Our World
in Data

50 kg

Other meats

Sheep and goat
40 kg

Beef and buffalo

30 kg

Pigmeat
20 kg
10 kg

Poultry

0 kg

1961 1970 1980 1990 2000 2010 2022

Data source: Food and Agriculture Organization of the United Nations (2024) OurWorldinData.org/meat-production | CC BY

Note: Data does not include fish and seafood. Figures show meat supply and do not correct for waste at the household level and, so they
may not directly reflect the quantity of food consumed by a given individual.
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Consumption

Our World
in Data

Pulses used for direct human food per capita, 1961 to 2022

Quantity that is allocated for direct consumption as human food, rather than allocation to animal feed or
industrial uses. Pulses are the edible seeds of plants in the legume family.

30 kg
25 kg
20 kg
India
15 kg
Brazil
10 kg
World
Skg United States
China
United Kingdom
0 kg T T T T T T 1
1961 1970 1980 1990 2000 2010 2022
Data source: Food and Agriculture Organization of the United Nations (2024) CCBY
Note: FAOSTAT applies a methodological change from the year 2010 onwards.
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> From processing to consumer to favor consumption

Designing new food products - Case of pulses

100% SAP_!SVIANDE #"
100% DELICIEUX ‘., >

=

Multi-country

Pulse processability?
Product properties?

Product acceptance by consumers?
Product impacts? Health, environment
Product design?

Consumption

Contents lists available at ScienceDirect

Food Hydrocolloids

. - ; L oy,
journal homepage: www.elsevier.com/locate/far E’lv‘r ™l g
-Com

The rheological and microstructural prope

pea/milk gels and gelled emulei~-- .
enzyme treafm~=" ¥
| preeference 100

17372

scientific The g
11% g sl,sfals_;;ebl}c of plang. £
H . pix AT € plant. 00ds.
p u b | I Ca t I O n S (e,-menmd food pmd“ﬂs et Lutz Grossmane - .. baSEd cese PPI‘Oacb,es to cry Cate rr..,
. ferences for new Received: S March 2023 | Reviscd: 29 May 2023 | Accepted: §June 2023 Htious and '.3,
3 1 4 5 7 since 2013 Co[::;;‘ﬁf :;izxzin T =
e _ griinger™ GO "1_“
¢ “esam‘_gue"'";F‘“““"o‘“" * +vuin COMPREHENSIVE REVIEW BEVEWS WILEY
::‘ép\\ai\ Marette s st T 50T
pate nt fa mi I 1es ettt Ultraprocessed plant-based foods: Designing the next
2 0 1 3 2 0 2 4 o generation of healthy and sustainable alternatives to
- Inpi, 2025 9 % annual g rowth animal-based foods
INRM Pla nt_ba Sed protel nS David Julian McClements'?
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> Closing the loops

Designing new valorization routes

Circular economy

Waste recovery

Input of organic matter

X crop protection products

Upcycled food production

Improvement of soil structure _
Animal feed reuse Agricultural

/ Energy input production

\ Material recovery

Anaerobic digestion

New ingredients

Processing

N

' | Waste dependency
Pollutant concentration
Hierarchy vs economy

Moshtaghian et al. 2021

Closing the loops should be seen as a tool, not an end in itself

INRAZ
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Interest and limits of these approaches

** Many changes required: good to
act at all levels

¢ Each scientific discipline can
provide skills/expertise within
its perimeter
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o’

¥

** Impacts of these actions on the
agrifood system as a whole?

+» Sufficient to join these actions?

** Toward agrifood systems as a
whole?

p. 13
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> Coupled innovation

Interconnected innovation processes from agriculture and food sectors to manage the
complex interrelations between them, and contribute to a systemic transition towards more
sustainable agrifood systems weynard et al. 2017

"?l LEc*T*MES - An example of the Qualisol cooperative's drive to stimulate the production and consumption of legumes

Innovation in
consulting: setting
up an adapted
consulting
organization

Digital innovation:
. development of a

. tool for farm cost
- accounting, taking
multi-year results
into account

Agronomic innovation: =
lentil-wheat combination

content while respecting :
the environment

Technological
innovation: acquisition of
an optical sorter and
integration into the

collection-storage chain

Organizational
innovation:
organization of lentils
bagging and delivery
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> Need for a different frame of thinking

Many interrelated activities K
Many stakeholders Agricultural
Many value chains production
From local to global

Job specialization

Processing

Innovation segmentation

Even in the scientific communities
related to these diverse activities...

Non-food use

Distribution

Agrifood systems and coupled innovation v v
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> Designing a research agenda linking agriculture-food domains

Brun et al. 2021

Research topics in the Research topics in
Agriculture-oriented the Food-oriented
research community research community

5 7

Knowledge / Concepts Knowledge / Concepts ‘
Questions Questions

U

Research topics involving
Agriculture-oriented and Food-oriented
communities

ﬁ

Knowledge / Concepts
Questions

Y

Coupled Innovation in Agriculture, Foo
production, retail and consumption

Innovatlon in Innovation in Food production,
Agrlculture retail and consumption
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> Designing a research agenda linking agriculture-food domains

Brun et al. 2021

Challenges

** Overcoming traditional
divisions: what research is
needed to support the
transition to more sustainable
agrifood systems?

*»* Reflect together on transition
and innovation, to identify the
fields of knowledge that are
lacking

INRAZ
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Objective

Establish a method for identifying research themes

v’ involving both the agriculture and food communities

v’ original

v’ that aim to support the transition to more
sustainable agrifood systems

p. 18




> Designing a research agenda linking agriculture-food domains
Brun et al. 2021

2s |deus

_.I
ﬂ'hl"u YE FUKR UES

I‘| Al LD SYSI0E

In Paris-Saclay research units:

Agroecology building « Food » building
complementary fields of expertise covering the agrifood system

agroecology

t sCi i '::‘:;'.:;:':;E e
3 o rrrrr'lmr ""lf [
agronomy management sciences E:‘.'E‘."[‘;.“;‘.Eﬁ‘.‘ér. T :

AGRONOMIE || SAD-APT LISIS

GMPA GENIAL ALISS

food engineering economy

consumption sciences

ecodesign

INRAZ
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> Designing a research agenda linking agriculture-food domains

An approach based on CK theory Hatchuel & weil, 2009

Innovation emerges from a dialogue between the space of concepts C and the space of knowledge K: the evolution of concepts is based on
knowledge, and makes it possible to identify the knowledge that will be needed to go further (joint expansion of the two spaces)

Concepts
Idea space (€)

Unknown proposals
Naturally pink
chocolate

Using pink
food coloring

In a white
chocolate
preparation

INRAZ
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Knowledge

(K)

Existing types of chocolate
(dark, white and milk
chocolate)

Pink food coloring

Knowledge space
Known proposals

Innovative design thus
leads to innovation
concepts, but also to the

identification of
knowledge gaps that
need to be filled in order
to refine the concepts

p. 20



> Designing a research agenda linking agriculture-food domains
Brun et al. 2021 - Method: KCP workshops + matching-building

K
Knowledge >> Concept >> Project >

* Defining the content

Matching-Building:

Enrich exploration by
identifying the intersections
between the C-K profiles of
different partners, and their
distinct reasoning

INRAZ
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Workshop 1

knowledge into

These methods meet three needs:

¢ Building a C-Kmap to +  State-of-the art Generating Turning new
explore the presenting recent alternative concepts and \/ C reati n g new d iS ru pt | ons
innovation topic knowledge concepts missing

v Avoiding fixation

Workshop 2

* Sharing original * Idea generation projects . . .
of K and C steps and disruptive based on B v' Collectively exploring new, desirable unknowns
(presentations, sub- knowledge strategically built * ldentifying
topics to be explored) sub-topics project teams

2IDKPDP

Workshop 3

10-15 participants / workshop



> Designing a research agenda linking agriculture-food domains

Brun et al. 2021 - Final CK map

Coupled innovation
for the sustainable
development of food
systems

(1) Promoting Erdisscin (6)
RISULOE local Tood, Ite (bio]diversligt Developin SN i DEvEping
optimal virtue and from f ty i ping food system a symbiotic

rom farm to erroirs : :
resource use desirability for fork engineering ecomony
all

By reducing the By producing a In farm ) . By building
quantity of comprehensive (e.g. with By promoting By enhanslng _
resources used diagnosis of local varietal existing the analysis of communities

along the value food systems terroirs food systems

chain

mixtures) of stakeholders

In meals
(e.g. nutritional
diversity)

By accompanying
the transition
towards existing
local circuits

By helping to
design new

terroirs from

scratch

By
following
new design
modes

By observing
pre-identified
indicators and

success factors

By giving maximum
value to resources
(during their first,
second, third life,...)

From farm
to fork

By designing
new value
chains for

local food

Dozens of concepts per C route
INRAZ
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Coupled innovation :
definition and examples

Existing K

Principles of
agro-ecology

Local circuits and
urban agriculture / \

Symbiotic economy :
definition, principles
and examples

Partial K

Physical internet
(new logistics system)

Generative Heritage
(examples from
cuisine)

Interdisciplinary research topic

p. 22



> Designing a research agenda linking agriculture-food domains

Brun et al. 2021 — Results: 20 research topics

Vs

J

.

( _ _ _ . \ | Diversity of agronomic and culinary practices of hobby gardeners
Recycling and engineering of waste from food systems for a variety of uses >
4 N | Effects of biodiversity of endogenous microorganisms on agricultural
Assessment and management of the naturalness of food products, from farm . . i
production and food engineering
to fork \
. J
( \ . . . . .
Local food as a source of confidence and desirability: effects of production and Me.thod for the d|agn95|s of a _fOOd sy§tem, In order to determine the points to
. o - be improved and the fields of innovation to be explored
processing modes, traceability, social link
o
Territorialized Food Systems: new ways of linking production and consumption | { Multi-actor devices and methods to design and assess coupled innovations
‘ Y ( bli lici h I f I
Small-scale processing technologies, sociotechnical conditions for their PU Ic poficies to promote the emergence and development of coupled
development _[nnovation
) 4
Tension between innovation and tradition in a historical terroir | Indicators to assess and foster transition of food systems
Sustainability of terroirs associated with Geographical Indications Innovative technologies, jobs and skills for a symbiotic economy
I N
Invention of new terroirs and new typical products regarding sustainability Articulation between food, ecological and energy transitions on different
issues —seales
> = | Tensions and synergies between 0 waste, 0 pesticide, 0 antibioticand 0
Production and cooking of foods with exceptional taste additive
L G
Ecosystem services of multi-species mixtures, from farm to fork (i : . . . P
L ’ J | Training and information on the agriculture-food-health relationship within
INRAZ L agrifood systems
Agrifood systems and coupled innovation p. 23
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> Designing a research agenda linking agriculture-food domains

Brun et al. 2021 — Results: 20 research topics

Comparison with 25 scientific papers
identifying research priorities for
more sustainable food systems

6 topics cited by >25% of the papers
Importance validated by the literature

INRAZ
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[ Recycling and engineering of waste from food systems for a variety of uses ]

Method for the diagnosis of a food system, in order to determine the points to
be improved and the fields of innovation to be explored

[ Territorialized Food Systems: new ways of linking production and consumption ]

[ Indicators to assess and foster transition of food systems ]

[ Articulation between food, ecological and energy transitions on different scales ]

Training and information on the agriculture-food-health relationship within
agrifood systems

p. 24



> Designing a research agenda linking agriculture-food domains

Brun et al. 2021 — Results: 20 research topics

p
Assessment and management of the naturalness of food products, from farm
. . . . to fork
Comparison with 25 scientific papers N
. . . . - 4
identifying research priorities for Local food as a source of confidence and desirability: effects of production and
more sustainable food systems processing modes, traceability, social link
-

-

Multi-actor devices and methods to design and assess coupled innovations

AN

p
Public policies to promote the emergence and development of coupled

innovation
g

9 topics cited by 1-4 papers -
. L . . Small-scale processing technologies, sociotechnical conditions for their
Poorly identified in the literature development
&

-

Innovative technologies, jobs and skills for a symbiotic economy

Sustainability of terroirs associated with Geographical Indications

AN

p
Tensions and synergies between 0 waste, 0 pesticide, 0 antibiotic and 0

additive
g

-

Ecosystem services of multi-species mixtures, from farm to fork

A\

INRAZ
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> Designing a research agenda linking agriculture-food domains

Brun et al. 2021 — Results: 20 research topics

Comparison with 25 scientific papers
identifying research priorities for
more sustainable food systems

5 topics never cited
Very original
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[ Diversity of agronomic and culinary practices of hobby gardeners

Effects of biodiversity of endogenous microorganisms on agricultural
production and food engineering

[ Tension between innovation and tradition in a historical terroir

[ Invention of new terroirs and new typical products regarding sustainability
issues

[ Production and cooking of foods with exceptional taste

p. 26



> Resulting interdisciplinary projects

INRAZ

PeriUrbanWasteEng — Towards the
engineering of agricultural and food
waste in an increasingly urbanized peri-
urban area: how to transform it (or not)
for what diversity of uses?

(2021-2022)

Coord. : V. Athes & C. Pénicaud (SayFood)

SayFood Agronomie SAD-APT

PROSE ECOSYS ALISS

INRAZ
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INRAZ

Innov’co — Coupled innovations
between agriculture, processing and
collective catering for a sustainable
and organic food

(2023-2025)

Coord. : Margot Leclere (Agronomie)

Agronomie SayFood

Ecocert Un Plus Bio

v Coordinated by workshop participants with broader
project partners than those of the workshops

AGCEMNCE
MNATIONALE
DE LA
RECHERCHE

ICAD - Coupled innovation and
food sustainability
(2022-2026)

Coord. : G. Yannou-Le Bris
(SayFood)

SayFood

Agronomie || SAD-APT

Terre et Cité

p. 27



> Resulting interdisciplinary projects

INRAZ

PeriUrbanWasteEng — Towards the
engineering of agricultural and food
waste in an increasingly urbanized peri-
urban area: how to transform it (or not)
for what diversity of uses?

(2021-2022)

N
Territorialized Food Systems: new ways of
linking production and consumption

-
Recycling and engineering of waste from food
systems for a variety of uses

N
Multi-actor devices and methods to design
and assess coupled innovations

INRAZ
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INRAZ

Innov’co — Coupled innovations
between agriculture, processing and
collective catering for a sustainable
and organic food

(2023-2025)

4 N
Territorialized Food Systems: new ways of

linking production and consumption
\

e N\
Indicators to assess and foster transition of

food systems
\

Local food as a source of confidence and b
desirability: effects of production and
processing modes, traceability, social link

4 N\
Multi-actor devices and methods to design

L and assess coupled innovations )

v Include one or more of the research themes
arising from the workshops, in whole or in part

AGCEMNCE
NATIONALE
DE LA
RECHERCHE

ICAD - Coupled innovation and
food sustainability
(2022-2026)

|

Territorialized Food Systems: new ways of
linking production and consumption

~

-

s

Indicators to assess and foster transition

of food systems
\

RN

Local food as a source of confidence and
desirability: effects of production and
processing modes, traceability, social link

Vs

A\

Multi-actor devices and methods to design
and assess coupled innovations

~N

J

Vs

-

Public policies to promote the emergence
and development of coupled innovation

~N

J

p. 28
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> Take home messages

Agricultural
production

v

Waste recovery

Non-food use

N

INRAZ
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Distribution

N

v Moving agrifood systems towards more
sustainability can be approached in many ways,
from the highly disciplinary to the very systemic

v" While improving agricultural practices is a major
step forward, reconnecting agriculture and food
is an under-explored lever

v" Coupled innovation is a promising avenue for this

reconnection
v’ Territorialized food systems
v’ Collective catering

v’ Avenue for future research: Feel free to explore
the research topics identified!

p. 30



