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W h e re a re We ? Combieln de Ching faut-il pou.!r

subvenir aux besoins des Chinois?
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And yet in some alarming zones

The nine Planetary
Boundaries - 2015

https://www.stockholmresilience.org/research/pla
netary-boundaries/planetary-boundaries/about-
the-research.html
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And other major challenges?

OurWorld
in Data

World population growth, 1750-2100

Annual growth rate of the world population
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Challenge of climate changes:

Boreal region

Increase in heavy precipitation events

and river flows

Increasing potential for forest growth but risks
of forest pests and forest fires

Artic region
Biodieversity loss

Continental region
Increase in heat extremes
Decrease in summer precipitation
Increasing risks of river floods
Increasing risk of forest fires

Atlantic region:
Increasing risk of heavy
precipitation,

river and coastal flooding,

Mediterranean region
Large increase in heat extremes

Increasing risk of drought and forest fires ' . W

Decrease in crop yields, in precipitation \ Mountain region

Increased competition between different water users Upward shift of plant and animal species
Increasing risks for livestock production Source: EEA, 2015 High risk of extinction species

High vulneribility to spillover effects of climate change from outside Europe Increasing risks of forest pests
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Challenges for Food:

g e L $ans . .
i o Food systems emissions : 20-30 % of total
| et iy 1 GHG emissions
2 J— 1
i 00T . .
g | £ Agriculture: the largest contributor of non-
& L 1r200 5
=k C02 GHGs
)
Ld I | 000
EiHD
; _ A
2848 1 i i B0
o 20 WO rals 05 =000 Edible crop harvest: + 4,600

Postharvest losses: - 600

4000
Animal feed: - 1,700

30% by weight of all food produced is

kcal/cap/day

lost in the food supply chain ! [ T e i s
* Inlow income countries : storage - 2000 SR ;

transport and processing levels . by
* high-income countries : retail and |

consumer levels Field Fork

‘ 57 % of calories are not consumed
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Challenge of malnutrition

Poor diets are associated with considerable health burdens and public
expenditure in European countries.

» Overweight and
Obesity

> Chronic diseases

> Lack of
micronutrients

©OINRA
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What do we need?

A viable planet!, in terms of:

*  Healthy inhabitants

 Aviable environment

 Apleasant & respectful socio-economic context
* Anaestheticimage

* Thereis no one simple recipe !!

==) Systemic approach from the soil to the plate
and back
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What is a food system?

A food system considers all the elements (environment, people, inputs, processes,
infrastructures, institutions) and activities that relate to primary producing, processing,

distributing, preparing and consuming food; and the socio-economic and environmental
outcomes of these activities. (HLPE, 2014)

- look in a more integrated way at biophysical flows (food) — economic and
institutional setting and health, environmental and economic outcomes

10



Legend
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Food system research
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Food system research
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A future proof system needs:

Involving citizen in food systems strategies : Understanding
their perceptions and motivations to facilitate the transition:
Diets can be a leverage point to a healthy and sustainable

food system...
...but only if its combined with action in other sectors,
Including the orientation of production priorities, cutting food

loss an waste, and protecting nature
Including cultural aspects, gastronomy — food as an art of
eating and producing well, and something that connects

people together
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What does it mean for food?
> we need to redefine the limits

! T " Non-vital planet carth: chaos
richness on-vital planet earth: chaos

Green-house effect

Bio- & Food- diversity loss

Population growth

Luxurious
Food- ST ' products/services
secure ‘ ‘ RN
viable 4 Net effect?
planet

Primary needs

Scenario 2

Non-vital planet earth : rigid, lock-in effect
—_— No drinking water

20 1 5 T| me 2050 Hazards (microbial, chemical)

Poverty
Food insecurity

Insufficient arable land
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Despite these multiple threats , we have a lot
of opportunities to adapt to change through
Innovations

1. Avoiding unnecessary exploitation of resources

2. Efficiently transforming and using agro-resources

3. Valorizing new co-products and waste streams and re-valorizing
all biomass to avoid waste

=_;—.;;-|N?A
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Radical innovations needed in Food
systems / ruptures (1)

1. Avoiding unnecessary exploitation of resources: towards
alternative consumption patterns

» Eating low density — high satiety food,

» Using alternative protein sources to decrease meat consumption
» using the richness of nature’s structures (biomimetics),

» Moving from products towards services & de-materialization,

INRA
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Radical innovations needed in
Food technology / ruptures (II)

2. Efficiently transforming and using agro-resources :

» targeted processes (not over-dimensioned)
» process intensification,
» new ICT driven processes (virtual design, domotics, 3D printing,

),

» eco-efficient dynamic storage,
» waterless systems,
» novel biomaterials & packaging concepts, etc.

=INRA
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Radical innovations needed in
Food systems / ruptures (lll)

3. Valorizing new co-products and waste streams and re-

i ; . Crop yeid
valorizing all biomass: ko Resices Fractions
» eco-pyramid valorization, -

Biomass cascading:
’ Farma
high value Pharma & Cosmetics Fun 3800
\ Food
Food & ieed :ﬁn’onnl chemical m
Fibre
Bioplastics & Polymers Sermesiiia 8160 fa
TFuel Cob
Bulk chemicals & Fuels ::::hm Husk
\ Flare
/ \ Energy & Heat il 58000-88000
low value
Sources: Poyry and Sanders g

Food Science becomes more and more trans disciplinary
(management, economics, genetics,...)
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Eco-efficiency as a driver HiAte

Ex. waterless system: dry fractionation polyme gg
y y : & emergmg lechnclwgms
. i ; Reverse
Braad, Biscuit, Food preparations Composite matsrials Packaging materials Polymers  Biomolecules  Energy engineering
Noodles, Flakes = _-=-" Fibres Synthons
T = =T Societal nesds
‘,‘:".-"‘ Consumer demar
Flours Food ingradiants Non-food =
Samo{in;_. _-7 ingradients Wet extractions, de-re-polymerisations, hydrolyess, fermentations
T
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Semalina \p T e 0 \ \/ ! | = " :
£ ' At ‘ o ST
‘\ / ) T =l i s
Flours Micro-constituents Fibros«+—s Fibres Maon-fibra Mcro-mnstltmns i Pt -
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L [
i \/ I \] [ H Figure 5. Pllot equipments for cryomiling (a) and electrostatic sorting (b) at INRA-IATE.
+, [}
’ H
I | Innovative
Alaupona Pericarp Intar-nodes Nodes Othars 1 processing
Fol ! technologies
r
Karnal G:"’“ Brans Ligno-callulosic fractions
x i
I Milfing, separation I Dwgmtmﬂtg;ﬂnts Grinding, separation |
- = phesh bk i
Grains chamical Straws, Leaves !
| physical Ears, Spikes [
:
dissociation i
sgparation | Mnu__ roes
1 +  adaptation
B o o b e e e e o e i MR e e o S s T e =
Cereal whole plants Genetics
fwhaat maiza harlav. res Fiesd Eﬁgﬂnmyt
B nviranmen
Abecassis et al., 2013,..
Biodiversity

WHY RUPTURE? .... Integral use of biomass, no water added during processing
(thus no drying), local applicability, avoiding water transport, local employment

=—INRA
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Globular whey proteins: playing with t-T-shearing

Primary Low branched Fractal Fractal Globular dense// Globular porous

aggregates aggregates aggregates d; =2 aggregates d,;=2.2 aggregates aggregates
80 °C 80 °C 120 °C
Static conditions (24 h) Dynamic conditions (160 s)
Building units : primary aggregates Building units: native WPI
0.003 M 0.003/0.1 M 0.1 M
OO0
090
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Examples: Innovation from the field to the plate:

ref: INRA « Flexiprocess » project
M.H. Jeuffroy & C Michon
Anne-Flore Monnet

Rupture : New Nutritional
type of advantages
agriculture

Approval ?
Reduction of

fertilizers

==1|\ /i
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Examples: Innovation from the field to the plate:

ref: INRA « Flexiprocess » project
M.H. Jeuffroy & C Michon

French National strategy for protein
transition

Rupture : New
type of
agriculture

Nutritional

Reduction of
fertilizers ¢
Dry fractionation

INRA
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Ex. alternative proteins sources & products ""A

!. emergmg !echnnlog!es

Meat alternatives on basis of new plant, algae and insect protein sources

WHY RUPTURE? .... Substantial reduction of environmental pressure due to
protein-conversion factors and greenhouse gas emissions (CH4, etc.), challenges
with texture and nutritional profiles, ...

24

= Inra, ... N 024
==_< IN?A Example: BBl Green Protein Project; J
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N@vel’ 32
Ex. process intensification: HPHT EIAte

=) & emerging technologies
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© 50 Adiabatic high

pressure sterilization
30 T T
0 50 100
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Why rupture? Adiabatic heating >> time for processing enormously
reduced & No re-packing > treatment in the package itself

EU IP FP6 NovelQ: To develop and successfully demonstrate - eco-friendly - novel processing
technologies (HPP, PEF, Plasma, microwave, radio frequency, ohmic heating and new packaging
materials) for improved quality food and new products (fresh-like character, extended shelf-life)

":;':‘ . _ R




Ex. biodegradable packaging materials

Projets intégrés sAte

Safe & eco-

efficient bio-

composites
for food packaging

Lignocellulosic Food loss T
PHEY -’ ﬂbers reduction 1@ i

S L ks
.
1"

EGUBIGCMJ

WHY RUPTURE? .... Valorization of largely unused co-products
(approx 50% of all biomass) and waste (plus replacing synthetic

materials potential benefits due to biodegradability, ...)
FP7 European project,

:;:f |N?A Gontard et al
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Need for food systems approach

Designing
landscapes for

World food
system as
complex system

Unravelling
(local and
connected) food
systems

Drafting the
innovation
agenda

World food systems as Intelligently
Navigated Complex Adaptive Systems

(INCAS)

* Summary IFSET Special Issue 5, France, 2018
* De Vries, 2017

Radical
innovations &
impact




We need inspiration & creativity

Thinking in spirals, not in circles




Many thanks for your
attention

€] WWF Bioplastic Feedstock Alliance

= Bjoeconomy conference, Paris, 29 — 30 October 2019

= FEFFoST Conference on sustainability & food, Rotterdam, The
Netherlands, 12 — 14 November 2019

monigue.axelos@inra.fr and hugo.de-vries@inra.fr
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