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ucess  The system

o Depletion of fossil resource
o Stringent environmental issues

- A huge pressure: our World sustainability is at stake



......

Can the Earth be saved?



......

Obviously yes



......

Can we save Humanity?



°
’’’’’’

MayDbe...

But let’s first examine a « general » planetary case



UCESH General case: The Fermi’'s Paradox
O Fermi’s paradox

Definition from . Fermi’'s Paradox is the apparent contradiction
between the high probability of the existence of extra-terrestrial civilizations and the
lack of contact with such civilizations.

ﬁ Where are the aliens?

O Drake Equation
To estimate ‘N’ the number of active, communicative extra-terrestrial civilisations in

|
our galaxy N:R*.fp-Ne-fl-fi'fC'L

N: Number of such civilizations

R.: Average rate of star formation in our galaxy

fo: Fraction of formed stars that have planets,

N.: For stars that have planets, average number of planets that can potentially support life

f,: Fraction of the aforementioned planets that actually develop life

f.: Fraction of planets bearing life on which intelligent, civilized life, has developed

f.: Fraction of these civilizations that have developed communications, i.e., technologies that release
detectable signs into space

L: Length of time over which such civilizations release detectable signals

ﬁ L seems to be a quite critical parameter



- Let’s first use the time machine
| backward

H.G.Wells

A rock+ water =
an habitable planet

www.emaze.org
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The GOE (Great Oxidation Event)

0O=ONO=®Im IO

-4500 —

O=0ONO="D=0="T

JEOTOND

JmoamI

view - discuss - edit

«Earliest humans

Flowers
‘ Mammals
__Dinosaurs
Land life |
« Cambrian explosion
«Ediacara biota
Muilticellular
life
«Earliest sexual
reproduction
Eukaryotes
« Oxygen crisis
« Atmospheric oxygen
photosynthesis
«Earliest oxygen
Slngl . lled «LHB meteorites
life
«Earliest life
water

«Earliest water
«Earliest Earth
(-4540)

Axis scale: millions of years.

Orange labels: known ice ages.

Also see: Human timeline and Nature timeline

www.Wikipedia.org

known as Oxygen Catastrophe, Oxygen

Crisis, Oxygen Revolution...

www.emaze.org

OZ? 2450-1850 My Chemically trapped in Fe,O; and

Fe;O, using Fe in the oceans

1850-850 My Trapped in ground and O layer
formation I

Cyanobacteria + CO,—— C-C + O,

t l

850-... My ~ Accumulation of O, in the atmosphere

The dominant species disappeared because
its development modified its environment...

11



°
''''''

ASTROBIOLOGY i . gt N A: Emergence Bottleneck
volume 16, number 1,201 1 N€_CGase for a Gaian Bottleneck: £ -
Mary Ann Liebert, Inc. 29 i
(gOI:a‘%JSgQI'aest.eé%ﬁﬁSS? The B|O|Ogy of Habl’[ablll’[y i Planets that never had life
£z
Aditya Chopra and Charles H. Lineweaver £ ——
Planetary Science Institute, Research School of Earth Sciences, Research School of Astronomy and Astrophysics, The Australian g"ﬁ DI‘ B:No Emergence Bottleneck  Planets that never had life
National University, Canberra, Australia. 3 E
. . gé 0. Inhabited planets Planets with extinct life
d Two main conclusions i
(i) extinction is the cosmic default for most life that i . EEAGEEs Planets that never had lfe
H
has ever emerged on the surfaces of wet rocky 3

Planets with extinct life

planets near the CHZ with life
o

fraction of in

planets in the Universe
(i) rocky planets need to be inhabited to remain
habitable

time since planet formation (Gyr)

» We can complain and be pessimistic (a typically French habit), but we
have something more than cyanobacteria: Intelligence and Wisdom

O The fate of our civilization G d

How to get rid of a new disaster “The Great Combustion Event” (use of fossif
resources with emission of CO,, etc., in the atmosphere), with the advent of the

chemical industry
‘ Still in the hands of the dominant species: human being
12




GREEN
CHEMISTRY
12 PRINCIPLES

11 analysein
real time
to prevent

10 design 12 minimize

chemicals & i
products to poBiite
degrade after

5 safer solvents
& reaction -

4 safer chemicals
& products

8 avoid chemical
derivatives
(protein groups)

https://www.slowtechlabs.net

» Biomass chemical — catalytic — upgrading is a major lever
(but cannot be a stand-alone solution)

13
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=S} BIOMASS: DEFINITION

:***t Directive adopted by the Industry, Research and Energy Committee
SO Oof the European Parliament on the 11" of September 2008:

“Biomass” means the biodegradable fraction of products,
waste and residues from agriculture (including vegetal and
animal substances), aquaculture, forestry and related
Industries, the separated collected biodegradable fraction of
Industrial and municipal waste as well as wastewater sludge.

15



Number of years

More that the

yearly resources
needed

worldwide

*Non Conventionnal BP Statistical Review of World Energy 2009

16



(But very elaborated and complex
chemical processes!)

Etc...
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=i CHEMICAL VALORISATION OF BIOMASS,

=z AN OLD STORY!

Saponification: When fatty oils are digested with caus Hewamanemg wepertsolulyle

Macaire-Prinsop a fait quelques expériences , du- garder comme I'examen le plus complel et le mieux
ip~Ji d
4 mxﬂ tatitites
végétales vories. des recherches ¢0r une partie queloonque de la chi-

combination is formed, which is called soap. It is KSR oL
Pliny mentions it under the name of sapo, whichr«tg~gesiwee- f

Germanic word sapo.

J.J. BRRETSETT i Gt

l
R"CO0O-CH,

corps gras soude

hnqu'uﬁhdls&udumuhmmlmde

O HFe kTN

travall,, la découverte de huit acides nouveaux, st
de plusieurs produits de la sapontfication imeonmas
jusqu'alors; il en détermina les propriétés et la

Paleali caustique , il se forme une combi s0-
luble dans I'eau, que I'on appelle ssvom. Elle est
connue de loule anliquilé, Plinins en fait mention

Romains apprirest & la faire; mais Galenus assure
que les Germains préparaientdu savon de meilleure
qualité que celui des Gaulois. A I'époque od les chi-
misies commencirens & s'oosuper de ‘ce sujet, il
u-n ytndnle-lm. admis que les savoms dlajent
d'huile et d'aleali.
mm-m huiles ou les graisses comme
des corps acides, susceptibles de o'onir aux bases ,
demhhmhm propriélés basiques et de M‘c
une espéoe de sels. Scheele , en préparant de ’em-
Pplitre dispalme qu'on dﬂ.hll en cembinant des

e foduibou o, s s

compasition. Presque tout ce que je vals dire sur la
saponification et les produits qui en résultent , a été
puisé dans le travail de Chevreul.

son poids d'eau, el qu'on fasse digérer le mélange
pendant 34 & 48 heures, en le remuant de temps &
autre, I'huile so combine aveo V'alcali, et I'on ob-
tient du savon qui vient nager & la surface de la
diseohution. Quoique oe savon soit par lui-méme so-
luble dane I'eau, il se sépare néanmoine d'une liqueur
salurée Jusqu'd un certain point d’aleali caustique,
Dans le cas dont H oagit ki, la liqueur alcaline st
produlte par 'esu ol I'excts d ‘aleali eanstique,

“ Si I'on enléve le savon, qu'on le lave pour le dé-
]urrmer da P'avnds da la lessive adkdem—iz .y = —

dissolve dans 1'eau et qu'on le décompose parh-

huiles grasses avec de Poxyde
qulluhmud-mummmumm.pm

RCOO-CH,

ches sur ce sujet, et parvenu A désouvrir la vé-
rité (1). 11 dirigea son llmtlon sur une matidre
trde-divieée , Mgire
qui prend naissance :m
dinaire dans use grande quantilé d'eau , et quie's-
pergoil trés-distinotemsent quand on remue la disso-
lution au soleil. 1 sépara catte matidre, qu'il appela 4
margaring, 3 cause de son éciat wacrd, et e
Panalysant, il la trouva composde de potasse on de
soude, et d’une graisse particulidre , qui était sen~
siblement acide et se dissolvaii facilement dans I'al-
cool chaud. 1 lui donna donc le nom d'acide mar-
. Ses premidres observatiens furent feites
en 1813 ; elles servirent de base A un travail qui
occupa Chevreul pendant 10 ans, et dans lequel la
saponification et les produits qui en résullent furent
le sujet d’une série d'expériences que I'on peut re-

(1) Rechercher chimiques sur les corps gras dovigine
animale. Paris, 1833,

RCOO~ +Nat
R'COO- CH +3(Na*+HO) — R'COO~ + Na* +CH OH
R"COO~ + Na*

cide hydrochlorique , celul ¢l met en ubeﬂé une

CHz—OH

CHZ-OH
savon glycérol

dernidre cristallisation de la graisse acide, solide ,
diseoute dans I'alcool , et provenant d’un savon fait

E%ufm-ﬂm en sléarine , qu'on re-
v € el qu'on les fasse cristaliiser

séparément , on obtient des cristaux qui se ressem-
bient heanooup par leur aspect , mais qui jowissent
d'une fusibilité différente, d'ot F'on peut conclure
qu'ils différent les uns des autres. Le produit de a
premiére cristallisation , qui estle moins fusible, a
rega le nom d'goide stéarigue, et celui de la der-
niére esl appelé acide margarigue. Alnsi, par I'ac-
tion de I'alesll sur la gralese, il s'est formé trois
acldes qui dolvent &tre rangés parmli lel urilnel ou
les huiles & leurs proprié

el gui appartiennent en méme (emps aux wdelpar
rappeort i leurs réaclions el & leur tendance & s
combintr aves les bases salifiables : on leur a done
donné le nom générique d’ecides gres. En onlre,
Chevreu!l a démontré qu'll ne s¢ forme nl acide acé-
tique nl acide carbonique pendant la upmlcauons

i

t

8)
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"BIOREFINING IS THE  SUSTAINABLE
PROCESSING OF BIOMASS INTO A SPECTRUM
OF MARKETABLE PRODUCTS AND ENERGY” ~ IMPORTANT.

Joint European Biorefinery Vision for 2030

*Not only fuel, fuel & fuel!

IC TARGETS FOR 2020— COLLABORATION INITIATIVE ON BIOREFINERIES

HEAT *Food & feed are also products

POWER
BIOMASS . o

—_ ] CHEMICALS Remark: Decarbonized energy is
FOOD possible, but decarbonized

FEED organic chemistry is not!

MATERIALS ‘In the future, need for

alternative source(s) of carbon:
Biomass

BIOREFINERY

Figure 1: Schematic representation of the biorefinery concept
IEA Bioenergy Task 42 Biorefinery, 2009
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UCCSH ETHICS

Competition food / non-food ?

A lot of strategies to get rid of competition

Increase in the yield of food crops

Use of winter crops

Use of wastes (non-edible parts of the crops...)
Use of lignocellulosic biomass (forests, perennial herbaceous crops...)
Smart rotations of cultures M oy i

Etc... t p S

=

=> But, in fact, still a pending question... ﬁ

20



UCCS ECONOMICAL BALANCE

Biomass

Chemicals- and Materials-driven biorefineries:

d - Best part of the crop: Food-Feed / High value added products
" - Wastes: Energy production

21



Integrated in optimized biorefineries scenarios

pDC Processldesign! 7 Cuartis Cycle Assessment

Sustainability counts

Reaction parameter  Physical properties ~ Constraints thodology for hitp://wyew.eurobioref.org/index.php/d on
Separation parameter «From partners Economic parameters
From partners +Estimated (PDC) + From partners
i)
= \
: LA
o
2
Fgedstock w Resources ,
(biomass, Products health
bio-based " (chemical, fuel)

* Human toxicity * Aquatic acidification + Water withdrawal

(carcinogensand , po,atic ecotoxicity
. Mineral non-carcinogens)

7 p - - = Aquatic
extraction lonizing radiation eutrophication
* Respiratory effects . . | 3nq occupation

intermediate)

g Process Investment & Scope for |}

Midpoints

:F.m,.,she‘31 Production Gosts R&D ! Feedback to partners Set of 4 ;'obbref - Ozonedepletion | rresirial
_____________________________________ harmonised * + Photochemical
i oxidation nutrification
; " fRiSRein {ibiocore . -
e Individual processes in SP4-SP6 are designed (total 13) indicators + Terresfrial ecotoxicity
* 6 value chains (each consists of a series of processes) were evaluated (ReCiPe) suprabio * Water turbined

Standardlsatlon SocCio: Economlc Analy5|s

Imperial College

Lab_e_lllng & actions London 1. Describe the value H N i
Certification chain ‘ }
iomass & b ’ ! ! La— N ‘
+* + Renewable Energy « RED Sustainability « BiomassAction Plan
** ** enewable - Directive, RED (2008) requirements « EIBI, SET-Plan, FP7, - Q t' 2. Identify costs and
+* +* Energy « CENdraft sustainability « Lead Market Initiative uo n IS pevenyes
* EUBIh +* standards for biomass Sustainability counts
** ** Feedstocks : gglrir::ryonAgncultural + Forest Stewardship + ForestAction Plan
+ Waste Framework . gf;g?r”
Directive (2008)
Conversion o .
rocesses + EUIndustrial Emissions : Em;ts:rf" Trading K
p Directive (2010) 4 :
+ The REACH Directive ]
(2006) S
End-products
& markets « Fuel Quality Directive « CENproductstandards « Green Public *
(2009) « ISO product standards Procurement Policy
« Eco-labelling
v v v (« Trolley problem... »)

Confidential 22
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UCCS SOME OPPORTUNITIES & HURDLES

Fossil resources « depletion »

y 2
Citizen awareness e

=

No Economical incentives :‘Ta

-

Petro-sourced competition

Lack in Integration ‘.
S

RN
Social Resistance
& f 2

24



uccs# From 2017: « I-SITE », 1 B€, 10 Years

PROJET

UNIVERSITE LILLE A strategy based on 3 hubs of Excellence
7 NORD-EUROPE SUSTAIN
& EXPAND
Objective assessment F. Dumeignil
of Peridex ss;:ennghtf":g O‘ ‘
F. Pattou

Objective benchmark of
strengths per domain g%,
against international =~ © ©

Universities

Y. Coello

“Science for
Tomorrow’s Society”

Hub in a nutshell

25



m COLLABORATIONS:

o |I-SITE (Half/Half PhD thesis funding, Master students exchange...)
o  REALCAT use

o Etc...

26



DEVELOPED WITH SSH

BioEcolmpact: « Social, Economic, and Juridical Impact of Bioeconomy »

The bioeconomy development needs a multi-level and multi-dimensional study of the
social, economic and juridical impact of biorefineries, their adaptability and scalability in
a changing ecological context. The ultimate aim is to build new assessment approaches,
providing a feedback loop to the scientific research programs and further ensuring their
societal acceptability.

ReGEM: « Rethinking the Global Ecological Mutation »

Together and in cross-exchange, integrated research in History, Philosophy, Politics and
Law, will be focused upon energy mutations, and will lay foundations for an ethical and
epistemological reflection upon the notions of nature, and environment, the mutation (and
not only an ecological crisis) of our world (Notion of Anthropocene) and the
consequences on political decisions. The ultimate aim is to provide a reflexive stance and
guidance to the scientific developments (in co-construction between « hard sciences » and
SSH).

Etc...
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UCCS3#: CONCLUSION

HUMAN BEING: THE PROBLEM AND THE SOLUTION

BIOMASS UPGRADING: DEFINITIONS & CONCEPTS

TO GO BEYOND

CONCLUSION
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' +HPOLLUTION

Forcing the shift of the equilibrium to the right while preserving
mankind: ‘Depollution’

POLLUTION

<+  POLLUTION

29



.. A greener society, a sustainable

# civilization




THANK YOU VERY
MUCH FOR YOUR KIND
ATTENTION!
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