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Un grand nombre de filieres

0léagineu Biodéchets Matigres Matiéres Biomasse
Huilzs usagées  méthanisablas sucrées amlycées lignocel lulosique

Fré-tratemeant
Hydrolyss Rydrolyse

Gazéffication

Extérification
Purification

Fermentation
Diistil | ation

Digestion
Concentration Déshydratation

- : Bioéthanol Bioéthanol : FT-Diesel, DME
Biodiesa| Bicméthane i - Biométhane Biométhana| Hydrogéne

Biocarburants

Source: Plateforme Biocarburants
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Biodiesel

© Déchargement

© Pressage

€ Filtration

€ Extraction des tourteaux

© Pompage

© Ajout des réactifs

€ Transestérification et décantation
O Lavage
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Biodiesel a partir du colza

Tamisage _, Biodiesel

Himinalion des impuretes dans kes graings Estar métmyligue (1150 |ma)

Darsié 038011

) ] Pouvalr calorfigue - 37,2 Mg
Trituration Pugé - 53% (M)
Pressage ou extraction par solvant Teneur & eau - 0,5% m/m (max )

Leparation de huile ef des fourfea

Purification

Himination des impuratés dans Muile

Trans-esterification

Réaction de Muile avee du méthanol
Production d'ester méthylique (bindiese!)

BIODIESEL
EN 14214

Purification

Ceparabion de Mester el 08 |2 ghycering
| avage, separation de Iester ef du methanol

Source: Plateforme Biocarburants
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Biodiesel a partir du Jatropha

Pré-traitement _, Biodiesel

Separation des fruits el des coques Ester méthyligue (2'600 ma)

Densité - 0,880 k)

. . Pouvoir calorfiue - 37,2 MJ/kg
Extraction de I'huile Puretd 98 5% mym (min)
Pressage ou axtraction par soivant Teneur en eau - 0,5% m/m (max )
Leparation de 'huile el des ourieawm

Purification

Flimination des impuretés dans Muile

Trans-esterification

Réaction de Mulle avec du méthanol
Production d'ester méthylique (biodiesed)

P t t BIODIESEL
urification -
Geparation de Mestar el de L giycering \

| avage, separation de Iesier et du methanol

Source: Plateforme Biocarburants
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Bioethanol de premiere genération

© Déchargement
€ Broyage

€ Empatage

© Cuisson

@ Hydrolysa

O Refroidissement
€ Fermentation
© Distillation

£ Déshydratation
) Stockage

& Tr. des vinasses

Cas de plantes
amylacées

Source: Plateforme Biocarburants

i (-



ol

Source: Plateforme Biocarburants
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Broyage

froyage des grains de mals

Saccharification

Liguetaction du substral dhydrolysa
Conversion de famidon en glucoss

Fermentation

Conversion des sucres en alcoal
Produchon dethanal a B-10% m'm

Distillation

Séparation de l'alcool et des vinasses

Froducion d'ethancl hydrate 4 95% m/m

Déshydratation

Rectification de 'alcoal

C (il

Bioethanol de premiere genération: cas du mais
. Ethanol

Earo! arhyre (3400 {ha)

Densitt 0,705 by
Pouvalr caloriigue - 26,8 Mg
Purglé - 99,7% m/m (min )
Teneur en eau - 0,3% mym (max)
Norm Européenne - EN 15376




Bioéthanol de premiere génération: cas de la canne a sucr

Canne a sucre
Rendemen! 62500 kgha

Eau: 1% mym
Sucres - 13% m/m
Fllls:is‘i-'ll.fm

Broyage
Broyage de la canng a sucre
SEparation du jus ef de la ba

Fermentation

LOMVBISIon 08S SUCTES B alcoal
Production d&thanal 3 8-10% m/m

Distillation
Séparation de [@cool & des vinasses
Production dethanol hydraté 3 95% m'm

Déshydratation

Reclification de 'alcoal

Source: Plateforme Biocarburants

—
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Ethanol

Eihano anhyde (6400 {ha)
Densite 0,705 b/

Pouvair caloriique - 26,8 Mg
Purelé - 99,7% mym (min
Teneur en gl - 0,3% mym (max )
Norme Européenne - N 15376




Bioéthanol de 2eme generation: ethanol par voie biochimique

Pré-hydrolyse —, Ethanol

Separalion des composantas du bois M|m

Conversion de Fhémiceliuiose en xyloss

Densité - 0,705 kg
Pouvalr caloritique - 26,6 MJfg
Purelé : 99,7% m/m (min |
Hydrolyse Teneur en 2 - 0.3% mym (max
Conversion de k2 callulose en glucose Norme Européenne - EN 15376

L lkl Fermentation

Comversion des sucras en alcoal
Production dethenol a B-10% m/m

f r
il 4] 1'

j ,_-I E” Tﬂi"'ﬁ”

Distillation

Séparation de I'tlcool e des vinasses
Froduction d'ethanol hydrate 3 95% m'm

Déshydratation

Feclification de I'alcoal

Source: Plateforme Biocarburants
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Biocarburants de deuxieme geneération: BTL

Exemple

© Systéme d'alimentation

& Gazeification a basse température
€} Gareification Carbo-\V*®

© Reécupérateur

% Elimination des poussieres

© Lavage et épuration

© Synthése Fischer-Tropsch

© Finition du carburant

Source: Plateforme biocarburants
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Durahilité des hiocarburants | Réduction des émissions de GES

= Les performances varient d’'une
filiere a I'autre

— Les filieres canne a sucre et
lignocellulosiques sont les
meilleures

— Les filieres céreales sont moins
performantes

= La prise en compte des effets
directs et indirects de
I'utilisation du sol peut réduire
les performances de maniere
significative

Source: LASEN 2007 CED [MJy/km] IPCC [kg CO; ¢q /km]
0.0 1.0 2.0 3.0 4.0 0.0 0.1 0.2 0.3

Biodiesel (EU)

Wood
Straw
Grass

Sugarcane
Molasses

Whey
Sugarbeet

Wheat
Potatoes
Silage maize
Grain maize

Gasoline
Diesel

square km deforestated, per year.

o 4% =3 2] £ N a3 -l ] H o 4
o o PSS S & &
L R A . R, N S
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Recherche en cours au LASEN | Plateforme LCA

(User input

Producer data
\Databases

~

J

Review

Expert review
Validation

Emission data
\Vehicle tests

(Databases h

J

Characterisation of the biomass

Biomass composition
Agricultural phase

Characterisation of the process

Complete mass and energy balance
Inventory of inputs and ouputs

Characterisation of the distribution

Mode of transport
Distances travelled (inland, cross-border)

Characterisation of Biofuel use

Straight fuel or mixing with conventional fuels
Conditions of use (vehicle, standard, concept)

" LCI/LCA tools

ecoinvent LCI database
\Impact assessment methods

Impact assessment model

Integration of LCI/LCA tools
Excel-based model (user friendly)
Life-cycle impact assessment

- Eco-Indicator 99, UBP

- EDIP

- CML

- IMPACT 2002

- IPCC 2001

(Results

Environmental assessment of biofuels
\Energy aspects, CO,, other impacts

J
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Recherche en cours au LASEN | Effets indirects de I'utilisation du sol

ERAZIL

Biofuel demand
Ethan ol

v

Biomass supply
Sugarcane

Goads demand ¢

Sugar

Ethanal Goods demand/supply

Ethanol

Sugar

Bagasse for heat/eledricty
Weat from cattle

]

Cattle producing countries “

v

Goods Supply
Meat

|
|
|
|
|
|
|
' |
‘ El'rsplat!ment f | v
|
1
|
|
|
|
|
|

[mm——————

| Goods demand

I Ethanal Land requirement for

sugarcane-to-ethancl
production

Displacement prior use of
the biomass
Sugarcane-to-sugar

r

I| Sugar producing countries

v

Goods supply |

Sugar

|
|
| \
|
|

prioractndy
Cattleto-meat

E Dhsplacemeant priordand use
P Setazde land to grassland for
Cattle

) J

Displaced ILUC
Setaside land to grassiamnd

for Cattle

v

GHG gmissions

L= |LLIC
Grassland-to-sugarcansa l
for sugar
L] v v
GEHG emissions Shift of pricr activity Shift of production in the
to new land same [ocation
Forest Grasdand

’ v

Spatial ILUC Temporal ILUC
Fored to Grasskand ot assand far cattle o
far cattle sugarcane for ethanaol

h J v

GHG emissions GHG emissions

——————J

]

Coproduct ILUC
Forediarasdand to o opland

v

GHG emissions

I
I
[T
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Recherche en cours au LASEN |  Effets indirects de I'utilisation du sol

= (Quels sont les facteurs déterminants?
= Comment évaluer leurs effets a partir des données du passe?

= Comment anticiper leurs effets compte tenu des differentes utilisations du
sol en compeétition les unes avec les autres?
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Juraniite nes niocarourants | Impacts sur I'environnement iocal et Impact socia

Soil degradation due to intensive =
agriculture and mechanization '

Water pollution and
eutrophisation due to excessive
use of fertilizer

Field burning particulate pollution

Loss of biodiversity, particularly
in case of monocropping

Possible unfair income
distribution

Land ownership

C (il



Durahilité des hiocarhurants | Btilisation de ressources rares

= Biofuels compete with agriculture
for cropped land though % used for .5 e

= - - - 41
biofuels production is still low dhoftotal 35 mUSA

cropped area 0 China

ranging from 5% in Brazil to 0.2% pped e 55 0 India

2

in India. However local pressure roethandl 15 B World Etharol
- 0.5. @ World biofuels
may exist o

Local stress on irrigation 35,
withdrawals may be high even 3 o Brazi

| m USA
% of the total 2.5

though present situation is not Tigation 2 o China
critical at global level withdrawals 1.5 0 India

for biofuels 11 m World Ethanol
0.5- @ World biofuels

0-

Source: Self-elaboration using data from the International Water Management Institute
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Les defis de Ia recherche sur les hiocarburants durables

= To increase the availability of sustainable feedstock

= To develop new and environmental friendly conversion technologies

= To decrease the production cost of sustainable biofuels

= To improve the assessment methodologies
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L6 cas les biocan. e 26me generation | Avantages et imites

Advantages Limitations
Potential low cost feedstocks

cultural and forestry re
Higher GHG emissions reduction ore sustainable, howe
energy density is lowe

Lower local environmental impacts er logistic costs

Lower risk of competition with gy crops r_e_quire more |
food r and fertilizers but ha

er energy density and |

fic costs
Lower use of scarce natural

resources (land and water) _
er production cost and

omic competitiveness
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Le cas des hiocarburants de 2éme génération | La biomasse lignocellulosigque
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Le cas du hiéthanol de 2eme yénération | la voie hiochimigue

C eclinlaose

it 1 -%/I

Pretrea “'.I'.I'E!III:

Rezion

. [
Hemicellnlose

or Starch Mosier el al. 2004
Optimization of the feedstock composition ( (-) lignin, (+) celulose )
Production of low cost enzymes
Adaptation of enzymes to the substrates characteristics
Simultaneous Saccharification and Fermentation (SSF) to overcome glucose inhibition
Co-fermentation of C5 and C6 sugars
Reduction of Investment cost

Biorefinery concepts to address together fuels, food, chemicals and other markets
20 C




hioéthanol de 2eme génération : perspectives des coiits de production
Total Production Costs: ~ 0.52 €/litre Ethanol (IRR = 3.3%)

Water treatment
1%

Labour costs
2%

Chemicals Capital Charge
4% 33%

Glucose (Enzymes)

o 10% 0.18 €/ litre
0.05 €/ litre cyy,.n0) Ethanol

Maintenance
15%

Straw

0.14 €/ litre gy 00 27

Source: ECN
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Biomass
Pra-traatment

Recherche en cours au LASEN

Product

Kyiytol
Chamical pathway from pantosas

Furfural
Chamical pathway from pentoses

Direct Product use

Non-nutritive sweatansr
Buiding block for Xylaric acd, glycols

Solvent in patrochamical refining,
Building block for Tetralydrafuran

Product's derivatives
use

Antifraaze, unsaturated polyester rasing

Tharmoplaglic hars, resing, sovanls

Hemicellulose {THF), Nylon & Mylan 6.6
(Pentosans-Xylan)
MNon-nutnitive sweatansr
; Sarbital - ; BET like palyrrers, anifresze, walar
= Chemical pattwway from hexosas Sl hr{-‘llligrhda' propytena soluble polymars for water treatmant
Levulinic ackd Bullding block for Methyl
— ‘l‘"‘“’l“ Chemical pathway from haxoses' tetrahydrofuran, butyrolactons, AL NIQEMIEF:' mﬂllm&:ﬁ.gnluentg.
Sugars pentases Diphunalic acid poly 0k
C5ICE —
sugars [— 7 T
(Xylose- | /J\r ) Lactic acid Building block for pohdactides such as Bindagradable Polyathylana-ike
Glucose) '_1,_ }— Bistechnological paihway fram hexoses polylactide acid (PLA) poly s
I.J/- “\\. Succinic acid Buidding block for Butanedial Fiars such as Lycra, grean solvantbs,
Ay B " i (BDD), Tetrahydrofuran (THF |, gamma- wiater soluble polyrmers for water
'\\ )}— e = Butyrolactons {GBL). pymalidones treatmant
e
,__.-d——h-\
Cellulose { 3-Hydrox lonbe acld Building bk for 1,3 rie i, Sorona Fiber, contact lensas, super
L yprop g propa p
{Hexasans-Glucan) Lot Bistechnological pathway from hexosas acrylatas adecebant polymars (Diapers)
N
Effanol
__J’ . 1 Fuel far rangpart, Bullding block For n
| }— Biotechnological pathway from haxosas! Ethyitsrbutylather (ETBE), sthyl astars Fud, Fusl Dhdganate,
. y penboses
.-"_"m__
* Ferullc acld
waniling Tears uring agants,
—-:r Biotechnological pathway from lignin by Building block for vaniling poly Flavmouri b5, phendic resins
- __,"' enzymalic depalyrmerization
Lignin —
Sulfurfres solid fual

Ballatization of lignan rich solid residue

Fual for heat and powsr generation

22
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Conclusions

= Les biocarburants ne sont pas la panacee mais une des options utiles pour
mieux maitriser la transition energetique

Le recours a des carburants de substitution est nécessaire en peériode de
transition énergetique en compléments d’autres mesures telle que
I’amelioration de I'efficacite eénergétique des véhicules et la gestion durable
de Ia mobilité

La promotion des filieres de biocarburants doit tenir compte de maniere
prioritaire des criteres de durabilité qu’il s’agisse de biocarburants de 1ere ou

deuxieme generation
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