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MISSION: integral & well-balanced use of available plant- and microbial resources
for food & bio-molecules, bio-materials and bio-fue I




Agropolymeres

1 Viable planet and reduction of fossil
fuels

>>>> transition towards
a bio-based society

1 Food security: the rich versus the poors
AND the food versus fuel ‘battle’

>>>> transition to a fair, ethical and well- &
balanced society |

It Is becoming a serious game



What Is the current
status?
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~ Agropolymeres

expenditures

use of pesticides
fish extraction
water use

land use
eutrophication
acidification
greenhouse gasses
road traffic noise

summersmog

20% 40% 60% 80%

clothing housing furnishing = food leisure perscare labor
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Agropolymeres

We are facing extremes, that tend to
become more extreme

/B Lo
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Growth rate of obesity in different BMI categories
9% increase (1986 = 100%)

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
Year

Source: Sturm R, Increases in clinically severe obesity in the United States, 1986-2000. Arch intern Med. 2003;163:2146-2149.



,Ag ropolymares

Pays du Sud — Pays — du - Nord
We are facing extremes

'?1 })p“:.':;-'” |
> r

7

gl




\l/
/l\.

zl te

génierie des i
& technologies émergentes

What is the current status?

According to the U.N., a child dies
from a water-related disease

We are facing extremes [EAEaREEERIIEE



Agro polymeres

We are facing extremes

Milliards d'habitants
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En moins de huit mois, elle a déja consommé
toutes les ressources naturelles renouvelables
gue la planéte peut produire en un an( Le
Monde, 13/08/2015, Global Footprint Network).

Nombre de planétes

Combien de planétes pour subvenir
aux besoins de 'humanité ?

2030

2.5 1 5i nous continuons dans
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Combien de Chine faut-il pour
subvenir aux besoins des Chinois?
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Qu'en est-il des autres pays?
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We are currently extending the expiry
date of our planet.

We are not heading towards a sustainable,
CCircular bio-economy >> better: spiral™>

We are not able to take away the

uncertainties about a well-balanced society
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From chaotic
back to
self-organized, dynamic systems
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Interactions between (external) constituents (in ?g. biomatter) /factors/..
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T ‘ ‘ External (environmental,
(extreme/ alternative)
1000 ' process conditions
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Ref: Kauffman, Prigogine, Holland



In a transition towards a bio-
based economy

We are dealing with numerous
highly complex systems
(questions)
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What are the relationships between structure-function-
environment in the plant and the bio-based product stages?
(natural rubber has superior quality as compared to synthetic rubber; after decennia of research no clue!?)
How to design sustainable ways of utilizing 100% of our
resources, including all its (functional) constituents?
(local, competitive small-scale bio-refinery concepts, ..)
What new business concepts are needed for that?
(industrial ecology, agriparks, ..)
Do we understand the perception of consumers/users?
(products based on current waste streams, accepted? > a neurophysiological approach needed)
How to deal with the paradox ‘using a
sledgehammer/elephant to crack a nut’?

(our engineering actions are in general at a scale that is 100.000 higher than of the action required (e.g. opening

a sulphur bridge in a molecule, or over-dimensioned storage facilities, or cooking with water) > how to understand
the impact of changing processing conditions on biomatter)



Deepen our insights in the complex systems

Trying to recognize features of rigid,
dynamic and chaotic behaviour

‘Steering’ systems to become self-organized
and dynamic

Some examples from functionalization of molecules, towards functional
fractions, combined fractions (incl co-products), via development of new
product-structures and diverse products, towards full business parks
and global systems
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SOURCES VEGETALES
Feuilles, fruits, épices...

COMPOSES PHENOLIQUES
Acides phénoliques, flavonoides...

Extraction
|II._:‘>~

Purification

e

And e.g. enormous sources of Milieu
galactoplipids, nearly not used today Lipophilisation Catalyseur

Synthon
lipidique

Evaluation ﬁ o

Structure / Activités x-C-0 1

‘ C-O(CH),CH;
N\ 1I| HO |
(Aox, antimicrobienne...) OH HO| ~OH

OH n=0-19

SYSTEMES D’ETUDE
Emulsions, liposomes, bactéries, cellules

PHENOLIPIDES



TOMORROW: grass not only for cows

Pilot biorefinery line Foxhol (Groningen)
Progra onsortium

Grass protein tprodl#;Lh grass protsin

SR,

compound feed  Green grass protein

Prof. J. Sanders, 2010, Wageningen UR
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Roverse
Bread, Biscuit,  Food preparations Composite materials  Packaging materials  Polymets  Biomolecules  Energy enginsering
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Figure 3. The wheat grain and Its components (adapted from Surget & Baron® 22

and Hemery et al.5%),
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NON-food; reversed chain
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EcoBioCAP will provide the EU food industry with customizable, ecoefficient, biodegradable packaging
solutions with direct benefits both for the environment and EU consumers in terms of food quality and safety.

Projets intégrés si/ite

Safe & eco-
efficient bio-

composites
for food packaging

Lignocellulosic Food loss
fibers reduction

R®

PHBV

Biomass
food by-products

g
ECOBIOCAD "
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Isotrope

Assemblage LbL

Anisotrope




‘meat alternatives on basis of new
plant and insect protein sources

> Developing new fibrous foods
utilizing new processing tools and
process intensification pathways

>>> here is a real opportunity,
also for developing countries?
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Agri-business parks

Ecnipgie mcdustrimile - de nouvesss i de matdes o de bians

At larger scale, a group/cooperative of a wid

SMEs could be competitive in valorizing bion e wﬂl\‘}"\
most efficient ways for multiple products ‘ ,,_.-r--'_-‘*::'»'-'
THUS creating value on site = & ~E |

— Greenport concept: profit by integration of
agricultural production, processing & trade

— Local/regional clustering of
different production chains, to
utilize waste, residuals, heat or other streams

AGROTECHNOLOGY &
LFDDD SCIENCES GROUP

WAGENINGE N [NZH

Ref; industrial ecology c(}ﬁcepts



An energy-zero transport container concept?

Product activity
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We have the means to
better valorize and
Improve our quality of
life
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Improved competitiveness by biowaste
feedstocks & bioprocessing

Biotech sales’ per segment 2007

1005 = 48 blllion Euro
48 bil € Sales of biobased products
21 .2% _.-' Wb TADL 1
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Ingrecients | chemiea |1 2012:135 bil € (7,7% of total chemical sales)
ey 017: 340 bil € (15,4% of total chemical sales
22 5% ; speciamy I
—anof “\, 1&_‘## } < chemicals
ol S0 \G. Festel (EFIB 2009, Lisbon, October 2009; OECD
® Base cheinicals & Speciaty chemicals workshop, Vienna, January 2010)
0 Consumer chemicals C Active olharma inaredients
Bintlach sale's" per segment 2012 Biotech sales'’ per segament 2017
= 135 billlon Euro 100% = 340 bllion Euro
- — -
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mtveptima /[ astrfiome |
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We can make use of the real value of biomass?

Biomass cascading:

Farma

high value Pharma & Cosmetics Fun
\ Food
Feed
Food & Feed Functional chemical
\ Fibre
Bioplastics & Polymers Fermentation
\ Fuel
Bulk chemicals & Fuels F?mhz“
Fire
Flare
Y Energy & Heat - Ref. Sanders, WUR
low value

e.qg. lignin is nearly not valorized, proteins in grass idem, brewer
spent grains idem, co-products for cereals idem, etc. etc.



Only for some we have substantial residues to valorize, for others not!
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Of course we need to take into account the overall

Impact!

Figure 15, Impacts of bio-based vz fossil-based value chains
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'Pe.‘-haps I overdid the nano -
gmd underdad the bio!" \
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Which approaches to reach
really breakthrough innovations

(not a factor 10% improvement
but a factor 10!)
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We need radical innovations based on better
understanding of the needs, new scientific ideas,
creativity, joint forces, ...)

(technological, organizational, social, economical)



Optimisation : climb
mountain where one’s base
camp Sits

I

Re-orientation : climb a higher
mountain in the
neighbourhood

L
L]
.... g
e, g
e, Q
LN 2 4

Innovation : reshape the
landscape
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S: Specialists

Innovation

strategy
/
\Experts \ /
\ln natural Collective Experts /
- 2 & team b

4/"' .
i ences

Experts in social-
economic & innovation Multi-discinli
Mono-disciplinary e ulti-disciplinary
. knowledge generation
knowledge generation
S S/N\S N\ S |\sS and transfer

optimisation,

specialisation \ complexity, system

innovation

Acknowledged and Adapted from Hans Schepers
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Knowledge
engineering
‘models’

Product and
process
results

P ooncriSIS PR

Socio- Y
@ economic
outcomes

>N

We need to go from bricks to an
Integrated picture



My lessons learnt
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Ready to Cook / Create I
Ready to Heat / Hurry-up
But all at the same
Ready to Eat / Execute — time is like playing

Ready to Serve / Steer CHESS

Ready to Store / Sustain

If | should be Kasparov, we should learn
the scholars and students to play chess



Lessons learnt, especially regarding the
bio-based transition

1. Be passionate by the heterogenity and not homogeneity of

renewable resources: exploit the richness of nature (while
maintaining a viable planet)

2. Bio-based society IS NOT (only) a focus on bio-energy from
biomass

3. Use the value piramide & quality of life

Step away from a synthons approach but start with the
functionality and complexity of biomolecules (or functional fractions)

5. Don’t think about a single output product but about
multiple products and markets (biorefinery)

Down think about up-scaling only, also down-scaling counts
7. Include all (side-)effects of a new eco-product
AND we should be the research entrepreneurs of tomorrow



= INRA MAgro

== SCIENCE & IMPACT




Some of the French
institutions
involved
in the transition towards the
bio-based economy’



« CEPIA » division

Science and engineering
For food and bio -products

Monique Axelos
Michael O’Donohue

>t Elaboration
de "Agriculture



|Science and processing |

* Variability
 Plant engineering

Foods, Materials, Polymer, Molecule, Energy

* Health Benefits
* Food Safety
» Sensory Quality

» Sustainability of a
biobased economy



Integrated approach to construct quality

IGenetics and breeding | Science and Processing | lConsumers

» Health Benefits
* Food Safety
» Sensory Quality

Composition — process —

tructure - functionality ?
» Sustainability of a
biobased economy

e Variability
* Plant engineering | Djfferent spatio-temporal scales
IModeling — risk assessment

— novel technologies



Topics of interest (1)

Nanotechnology: application for biobased applications
1 Design of natural polymer-, protein-, or lipids-based
nano devices for smart delivery

1 Development of food nano-composite

1 Nanosensor to detect allergen (high throughput
screening)

1 Nano-patrticles in packaging




Topics of interest (2)

Biocatalysis & (Dry) Bio-refinery
Complexity of process-structure-function relationships

Vegetable proteins for food and non-food applications

.... And many more
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Research on the appropriate scale

Three research fields

*Biological systems

Understanding biological systems, from molecule to
ecosystem

» *Tropical production and processing systems

/' Analysing farming practices and farming system
. performance, from plot to farm level

- eEnvironments and societies

: Supporting players in rural areas, from a local to a
.= global scale



Py

Fruit and vegetables Sugarcane

Cotton

Ahimal productioﬁ - Animal production Rubber Forest species



3BCAR : une offre de compétences en Carbone bio-sourcée

L'institut Carnot 3BCAR (www.3BCAR.fr) est un réseau structuré de
laboratoires de recherche, proposant des compétences pour les
entreprises intéressées par la production et les usages du carbone
bio-sourcé (bioénergies, biomolécules et biomatériaux) selon les
principes de la chimie verte et I'analyse de la durabilité.

| Péle Biotechnologies vertes et ACV
"1 Une offre large :

I Plus de 500 chercheurs dans 11 unités de recherche et 3
centres de ressources technologiques.

| une dizaine de plateformes techniques et un
démonstrateur pré industriel, jusqu’a TRL 6.

| trois pbles géographiques en synergie.

Pole Biotechnologles blanches et chimie
du végétal

0
Pole Bioénergies et Bioraffineries

Spécificité : mobiliser des approches multi-discipl une démarche

d'éco-conception
E [ Ssélection variétale, plantes dédiées, bois, algues, =
| coproduits de I'alimentaire, déchets urbains J

inaires, des végétaux aux propriétés d'usages dans

Les marchés Les axes de développement des activités

1- Analyse systémique des impacts des
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Biolubrifiants, ag tifs, agrosol bi
b iaux et p I vernis et p papier,
carton, colles, cosmétiques, bioéthanol, biogaz, huiles végétales...

Les producteurs de biomasse et
produits agricoles
intermédiaires

Les gestionnaires de biens
publics

Les entreprises de
biotechnologies vertes et
blanches

Les producteurs d’énergie

L’industrie chimique

modifications liées a 'usage du carbone
renouvelable

2-Adaptation de la biomasse a ses nouveaux
usages (biotechnologies vertes)

3- Substitution des procédés existants par des
procédés biotechnologiques (biotechnologies
industrielles)

4- Complémentarité des procédés chimiques et
biologiques pour obtenir des fonctions d’usage
définies



