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Qu’entend-on par ‘Bioénergies’ ?

* Energie provenant de la biomasse

* Biomasse: matiere organigue résultant du

processus de photosynthese
 Les cultures agricoles
* Le bois
 Les residus (pailles, sciure,...)

 Les déchets organiques (déchets urbains, boues
d'épuration, lisiers, fumiers,...)
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Les raisons d'un engouement

N Dépendance

: aux energies fossiles
Energie

Climat
71 Revenus

7 Emplois
N Emissions de GES
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Le ‘principe’ des Bioénergies

CO, Effet substitutif

Cco,

A\ 4
Photosynthése (‘

fossile
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Plan de |la présentation

Etat des lieux de |la production actuelle

Quantifier I'intérét de filieres d’agrocarburants

Les incertitudes et les risques associées au
développement de filieres d’agrocarburant

Apercu de quelgques solutions ou alternatives

)
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Etat des lieux de |la production
actuelle et potentiel
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Les différentes filieres

RESIDUS
CULTURE CULTURE DECHETS
sacchariferes|| amylacées oléagineuses
cane, [mais, ble, orge| |colza, palmier,
betterave, seigle, pomme| |soja, tournesol,
sorgho arachide,
jatropha
: Saccarification
Filiere ligno-
Thermo cellulosique Digestion
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Les bioénergies aujourd’hui

Demande energetiqgue mondiale par source en 2005

81% fossiles =

Combustibles solides 9,8%
Combustibles liquides 0,2%

—

| 21% QU

35% MO

EEA coal

m Biomass and waste |

W e ‘ "'
m Hydro \_4’/4

m Oither renewables ‘

Source: |IEA, 2007 d’aprés FAO, 2008

* Les bioénergies solides

— Majoritaires mais a effet substitutif potentiel

Les bioénergies liquides (agrocarburants)

— !%ginoritaires mais a effet substitutif réalisé
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Evolution de la production

Mtoe Percentage of total demand for transport energy
120 6
100 5
80 — 4
60 —— 3
40 — 2
20 — 1
0 — 0
1990 2005 2015 2030
Mtoe - As percentage of transport energy

IEA, 2007 from FAO, 2008
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Production d’agrocarburants par pays

COUNTRY/COUNTRY
GROUPING ETHANOL BIODIESEL TOTAL

(Million litres) (Mtoe) (Million litres) (Mtoe) {Million litres) (Mtoe)
Brazil 10.44 227 0.17 10.60
Canada 1 000 0.55 97 0.07 1097 0.62
China 1840 1.01 114 0.08 1954 1.09
India 400 0.22 45 0.03 445 0.25
Indonesia 0 0.00 409 0.30 409 0.30
Malaysia 0 0.00 330 0.24 320 0.24

United States of
America 26 500 14.55 1 688 1.25 28 188 15.80
European Union 2253 1.24 6 109 4.52 8361 5.76

Others 1017 0.56 1186 0.88 2203 1.44
World 52 009 28.57 10 204 7.56 62 213 36.12
FAO, 2008
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L es rendements

(Tonnestha) (Litres'tanne) iLitresiha)
Sugar cane Brazil Ethanol 735 4.5 5476
Sugar cana India Ethanol a0.7 74.5 4522
il palm Malaysia Biodigsal 20.6 230 4738
Ol palm Indonesia Biodiesal 17.8 230 4092
Maize aited States of Ethanol 9.4 399 2751
Maize China Ethanol 5.0 3949 1995
Cassava Brazil Ethanol 13.6 137 1863
Cassava Migeria Ethanol 10.8 137 1480
Saybean g:j;‘iﬁ:“‘““ of Biodiesel 2.7 205 552
Soybean Brazil Biodiesal 2.4 205 491

Sources: Rajagopal et al., 2007, for global data; Mayvlor et al., 2007, for national data.
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Quantifier I'intérét de filieres
d’agrocarburants
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Vers une approche plus réaliste

vara o

TZAY ' Yavae
VATAL " A%A

C fossile

=

n-renewable ene:
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Approche du "puits a la roue"
"Well to wheels" approach
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Les analyses en cycle de vie

Life-cycle analysis for conventional fossil fuel

rude o onventiona
Crude oil Transport C tional
extraction P fossil fuel Use in
for Refining
and (petrol transport
processing
pre-treatment or diesel)

GREENHOUSE GAS EMISSIONS

Feedstock

production:
land,

fert'ih.zer, Biofuel Ethanol

pesticides, Transport processing: i
seeds, l} for I} enzymes, l biodlesel I} : prein 5

machinery, processing chemicals, and HANSROT
e energy use co-products

Life-cycle analysis for liquid biofuel

FAO, 2008
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Evaluer l'efficacite energetique

Crude oil I ‘

Crude oil I

Soybean

Rapesaad

Waste vagetable oil -

Palmm oil

Swwaat sorghum .

Maize

swosrveet | | I

Wheat

Sugar cane

Cellusosic

I T
] &» z 3 4 5 & 7

Fossil energy balance (ratioc)
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Reduction de GES de différentes filieres

Sugar cane, Brazil

second-generation | | |
biofuels

Palm oil

Sugar beet,
European Union

Rapeseed,
European Union

Maize

Maize, United States
of America

-100  -90 -80 -70 -60  -50 -40  -30 -20 -10 0
Percentage reduction

Source: IEA, 2007 d’aprés FAO, 2008
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Pourquol tant d’incertitude ?

* Prise en compte partielle des équipements
* Non uniformisation des facteurs d’émission

* Attribution aux co-prodults

— Par Allocation
« Massique
« Energétique
« Economique
— Par extension du systeme (substitution)
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Le traitement des co-produits

Relative GHG emissions for ethanol from wheat in France

Emissions de GES
1,80 +68,2%

1,60
1,40

1,20

1,00
0,80
0,60
0,40
0,20

0,00
Contenu protéique

P assigue Energétique Economiguea Tourteaux de soja

Prorata Substitution : Dréches

Source: Référentiel pour les ACV des biocarburants de premiere génération en France, BiolS/ADEME, 2008.
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Effet substitutif a I'échelle globale aujourd’hui

* Production de biofuels estimée a ~ 1,5 EJ (sur 14
Mha)

* Avec une ref ‘Essence’ a 86 gCO,/MJ et 90% de
reduction

* Aujourd’hui, 'émission de 0,12 GtCO, est évitee par
substitution
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Emissions de GES a |I'échelle globale

60 a)
49.0
50 -
447
40 39.4 - Waste and wastewater
s 35.6 ] =0k
;' 1 Forestry &8 Energy supply
q) 30 - 28.7 17.4 /c;!‘} ’ \ 25.9%
N - i
S
6 20 - Agriculture
13.5%
10 -
19.4% commercial buildings
7.9%
1970 1980 1990 2000 2004

[ co, from fossil fuel use and other sources ] CO, from deforestation, decay and peat

[] CHs from agriculture, waste and energy B N0 from agriculture and others

0,2% des émissions de GES a |I'échelle globale

1,8% des émissions du secteur ‘Transport’
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Le potentiel

* 400 EJ en 2050 <~ 2000 Mha (IEA Bioenergy, 2008)

Region Population Total land Cultivated Additional Available Max.
in 2050 with crop Land in 1990  cultivated land area for Additional

production required in biomass amount of

potential 2050 produetion energy from

in 2050 biomass®

Billion Gha Gha Gha Gha Eliyr

Del’ff[}p[’dh - (0.820 0.670 0.050 0.100 30

Latin America

Central & Caribbean (0.286 0.087 (0.037 0.015 0.035 11
South America (0.524 (0.B65 (0.153 0.082 0.630 18Y
Africa

Eastern (0.698 0.251 (0.063 (.068 0.120 36
Middle 0.284 0.383 0043 0.052 (.288 26
Northern 0317 0.104 0.04 0.014 0.050 15
Southern 0.106 0.044 (.016 0.012 0016 5
Western 0.63%9 0196 (.090 0096 0.010 3
China® - - - - - 2
Rest of Asia

Western (0.387 0.042 (0.037 0010 (L0035 0
South —Central 2521 (0.200 0.205 0.021 -0.026 0
Eastern 1.722 0.175 0.131 (L.008 0.036 11
South —East 0812 0148 (.082 (.038 0.028 8
Total for regions above 8.206 2.495 0.897 0.416 1.28 396
Total biomass energy potential, EJ/yr 4414
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Incertitudes et risques associés au
développement de filieres
d’agrocarburants
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Réduire les incertitudes des ACV

* Traitement des co-produits
* Emissions de N,O

* La prise en compte du changement d’'usage des
terres (LUC)
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L'émission de N,O par les sols

GES ~300 fois plus rechauffant que le CO,

Nitrification

— oxydation de I'ammonium (NH,*) en nitrite (NO,’) puis
en nitrate (NO;). N,O = produit intermédiaire

Deénitrification

— processus microbien transformant des oxydes
d’azote solubles (NO,, NO,") en composes gazeux

(NO, N,O, N,)
Amplitude fonction du
* Type de sol

@ umidite/ Temperature |, o opre s010-
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| es methodes de mesure

« Chambre statigue ou automatique

— Avec mesure de la concentration par différentes
methodes:

« Chromatographie en phase gazeuse
 Diode laser ...

* Tour a flux
— Avec mesure de la concentration par diode laser
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| es methodes de mesure

escourgeon

L

- 'k_ “‘ ‘»‘ .‘ "1
' ~ > . -
TIRAT o\ o \ 7’.'
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Forte variabilité spatiale et temporelle

Fig. 2. Spatial variability of N,O fluxes measured with the Fast-Box
technique at NI-LE. The contour plot is based on flux measurements at
40 points on the 25 m x 10 m grid, each sampling point being at the corner

of a 2.5 m x 3.5 m rectangle.

N

Flechard et al., 2007
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La notion de facteur d’émission

» Compilation de données d’eémissions de N,O (+
cultures, regions, années) en fonction de la
quantite d’'intrants azotes

12
.--- y =2,0 + 0.0048x, n.s.
8 &

>
1

N,O-N [kg ha™* a™]

.

T l { 1
0 50 100 150 200 250 Kaiser et al., 2000
N-fertilization [kg N ha™ a™]
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Une approche ‘top-down’

» Papier de Crutzen et al., 2007

 Calcul basé sur les puits et sources atm. de
N,O en pré-industriel et actuel.

=> Emissions actuelles : ~6 TgN,O-N an-1

» Déduction des emissions industrielles
=> Emissions agricoles : ~5 TgN,O-N an-1
~5% de la fertilisation minérale globale
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La prise en compte du LUC

Life-cycle analysis for conventional fossil fuel

Crude oil Conwventicnal

extraction | T““S"’”" I Refin | W | Use in
(petral transport
e maatmant pl'ocassng or diesal)

GREENHOUSE GAS EMISSIONS

Feedstock
production:
land,
fertilizer, Biofuel
pesticides, TIBIEFGIT processing: i
Lanid-use -’ seeds, I } BMZYMES, I bm:invsal Use in
change machinery, pmsgng chemicals, N "
fuel ENergy use m—pm-dum

Life-cyde analysis for liquid biofuel
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Les processus en jeu

NBP

Export
Récolte

Abattage

Paturage

J

Atmosphere

i

g
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Un exemple

* Abandon massif de terres agricoles en ex-
URSS depuis 1990

235

230

Area (Mha)
o) r
o S

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Hurtt et al., Global
Change Biology, 2006
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Un exemple

 Carbone dans les sols aaricoles a 'abandon

2500
2250
4 2000 - P

o1 3\222

-
~l
o
o
N\
®

1500 A -
1250 o 4
1000 - ®/

L S
750 & Jooo

5004 @ @

- ==+ ORCHIDEE
250 /O O 0-10cm
! o ® 0-20cm

04
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Time after LUC [y]
From Belelli et al., soumis
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La déforestation

Emissions correspondantes pour
un hectare de forét tropicale
(t CO2éq./ha)

7

—

189

. Emissions de N20 (tCOz2eq/ha)
. Emissions de CHs (tCO2eq/ha)

Emissions de CO2 (tCOzeq/ha)

Combustible initial : 573 t CO2éq. de matiéres
séches par hectare (biomasse, litigre et bois mort)

D¢,

Om R 366
(64 % dpos’tIOn

Uco,

Bellassen, 2008
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La notion de dette carbonée

* Le changement
d'usage des terres
Induit une perte de
carbone que la culture
de bioénergie met
plusieurs années a
compenser

Land Clearing and the
Biofuel Carbon Debt

Joseph Fargione,? Jason Hill,** David Tilman,** Stephen Polasky,™* Peter Hawthomne®
W LCO I1ILCIULLIVIID ClILI € MIveiiciyicS et climat’

Science, 2008
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Changer d’échelle: du local au global

° L’ |mp 3 Ct des Chan gements s Slousia:
d’usages de terres indirects s: 2200
(iLUC)

— La production d’éthanol a
partir du mais américain

réduction de 20% des GES

augmentation de 100%

Searchinger, 2008, Science
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Récit d’'une controverse

* Avril 2009 - Mise en place en Californie d’'une
reglementation sur les carburants “propres”
(Low Carbon Fuel Standard, LCFS)

* Précédée d’'une Consulation publique

* Une part du debat autour d’ ILUC
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California carbon intensity values

for gasoline, diesel and fuels that substitute theln[jz][“][ﬁ]
(grams of CO3 equivalent released per MJ of energy produced)

Carbon Intensity
Fuel type bCIarbu:.nn- intensity change
intensity + land-use respect to
changes 2011 LCFS
Midwest corn ethanol 75.10 105.10 +10%
California gasoline 95.86 05.86 +0.2%
CARB LCFS 2011 for gasolinel*!] : 05,61 i
California diesel (ULSD) 94.71 04,71 +0.2%
CARB LCFS 2011 for diesel*!] : 94.47 :
California ethanol 50.70 80.70 -16%
Brazilian sugarcane ethanol 27.40 73.40 -23%
Biodiesel (B100) Midwest soybeans{l:' 26.93 68.93 -27%
Renewable diesel Midwest sn}'beanam 28.80 68.93 -27%
Cellulosic ethanol (farmed trees)'! 2.40 20.40 -79%
Compressed natural gas (bio-methane) 11.26 11.26 -88%
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Hary [. Wichels, Chalrman
California Alr Resources Board
LoDl "I Straat

P.D: Box 28153

Zacramanta, CA 95512

Juns 24, ZOUOB

Dear Chalrwoman Nichols,

As researchers and scientists in the field of bkiomass to bkicfuel conversion,
we are convinced that there simply is not enocugh hard empirical data to bhase
any sound policy regulation in regards to the indirect impacts of renewakle
bicfuels preoduction. The field is relatively new, especially when compared to
the wast knowledgebase present in fossil fuel production, and the limited

analyses are driven by assumpticns that sometimes lack rokbust empirical
validation.
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NEW FUELS
- ALLIANCE

October 23, 2008

Nary D Michols, Chainmizn
Califoruia Air Fesources Board
Haadguartars Building

1001 “T" Sreat

Sacramento, CA 93812

Deear Chaimusn Michaols,

We, the vndersizped 30 compantes and individunzls, are writing to provide comment on tha
prospect of incnding indirect land nse changa (ILTC) in the Califoruia Low Carbon Fuel
Standsrd (LCFS), and in gemeral, to disonss the public policy implications of enforcing indirect
effiects of any kind in the regulatton. This letter is submimed o response 1o conupents subnined

number for ILUC for biofuels. While 1t 15 likely true that zero 1s not the right number for the
mndirect effects of any product in the real world, enforcing indirect effects in a piecemeal way
could have very serious consequences for the LCFS. For example, zero 15 also not the right

P S S S S S
bare or abroad, thera is nonetheless an opporbnity to promote posinve land vse development in
the content of both conventions] and advanced cop-based biofaels. As such, it is Dmportae thar
the LCFS be careful in its regulatory spproach if' it is to foster sustainable fuel produston.

effects, they must be enforced against all fuel pathways. The argument that zero 1s not the nght
number does not justify enforcing a different wrong number, or penalizing one fuel for one
category of indirect effects while giving another fuel pathway a free pass.

This 15 frue because these efects are directly related to and raceable to the producton,
mrapsportaton and combustdon of thoss faels, inchnding upsremmn land nse chapze artrinasble to
furel production, such as the conversion of pasture to com or other biofnel feadstock.

Indirect inmpacts, on the orther hand, are market- and pelicy-mediated. They are, in essence the
ripple affects of any Ziven market decision in the global econcnyy. Indirect impacts kave not baan
enforced by awy regulatory agency against any product o the world Indirect iopacts, whether
applied to biefaels or awy other fuel ooour s 2 consaguence of 3 nmymiad of nested, policy and
socio-econonic varisbles. An amicls publishad in BioSefence magazine caphures the conaplainy
of indirect affects, as dey relate to deforestation: “[alt the nnderhying level, wopical deforestation
15 . .. best explained by mltiple factors and drivers acting sypergistdcally rather then by singla-
factor cansation, with more than coe-thivd of the cases bemg doven by the full meerplay of

www NewFuelzAlliance.org
101 Tremaort Street | Suite 700 | Bostor, M& 02108 | 617 275 8215

Afhated with fhe California Renewable Fuels Fartnership

4
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April 21, 2009

MMary Db Michols, Chairman
California Air Resources Board
Headguarters Bulding

1001 “T" Strest

=

Dear Chairpaan Michols,
Ar seientises and secomizts with relevant expertize, we are writing to recommend that pou inchads

indizect bod wse change in the Dfecyele analyses of heat-trapping emizsions from biofuels and other
transportation faels. This poliey will encourage development of mustainable, low-carbon fuels that

As scientists and economusts with relevant expertise, we are wnting to recommend that vou include
mndirect land use change in the Lifecycle analyses of heat-trapping emissions from biofuels and other
transportation fuels. This policy will encourage development of sustamnable, low-carbon fuels that

avoid conflict with food and minimize harmful environmental impacts_

(=3
sciepce, I-ct":":_. Tou ]:m-.l_d not delay melusion of known sources cht' emissions, incloding md_n:l:'
emissions from biofuels, pending discovery of potential effects from other finels.

Becent peer-reviewred research indicates that conventional biofuels can directly or indirectly result in
substantial heat-trapping emissions through the conversion of forests and grasslands to exoplands to

There are uncertamties inherent in estimﬂting the mﬂgﬂimde of indirect land use emissions from
bhiofuels, but assigmng a value of zero 1s -::le-arh' not suppc:rted bT: the science. The data on land use
chfmge indicate that the emissions related to bic:riuels are mg—mﬂcant and can be qmte lalge

= =
chanze m-il-::l.l:: thiat the emizzioas related to l:-l.c fiaels are Jg,l.'._l:'l.c:l.u' amd con be quite lazge.

Grappling with the rechnical wneeramer and developme a regulation based on the best available
seience it preferable to ignocing a major souree of emizsions, O time, greater accuracy and detadl
in a more refined analysis can be reflected mn funare LCFS mlemakings

The peed to addees: uacertainties applies to other areas the analysis as oell, and wre arge you to
evaluate the mcreasmg use of nitrogen fartlizers and hecbicides aszociated with greater biofiel
production. In particular, nitrogen fertilizers enhanee the emission of nitrons oxide—a povrecful

greenhouse gas in Earth’s atmosphere.
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State of California
AIR RESOURCES BOARD

Resolution 09-31
April 23, 2009
Agenda ltem No.: 09-4-4

WHEREAS, sections 39600 and 39601 of the Health and Safety Code authorize the
Air Resources Board (ARB or the Board) to adopt standards, rules and regulations and
to do such acts as may be necessary for the proper execution of the powers and duties
granted to and imposed upon the Board by law;

WHEREAS, the California Global Warming Solutions Act of 2006 (AB 32; Stats 2006,
ch. 488, Health and Safety Code sections 38500-38599) declares that global warming
poses a serious threat to the economic well-being, public health, natural resources, and
the environment of California, and creates a comprehensive multi-year program to -
reduce California’s greenhouse gas (GHG) emissions to 1990 levels by 2020;

WHEREAS, section 38510 of the Health and Safety Code designates ARB as the State

For some crop-based biofuel pathways, the certified carbon intensity values
would also account for additional GHG emissions that can result from changes in
land use arising from use of the biofuels; the Global Trade Analysis Project
{(GTAP) model is to be used to evaluate the worldwide land use conversion
associated with the production of crops for fuel production;
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Board to adopt regulations on or before January 1, 2010 to implement the Discrete
Early Action Measures; these regulations are to be enforceable no later than
January 1, 2010;

WHEREAS, section 38560.5(c) of the Health and Safety Code provides that the
regulations adopted to implement Discrete Early Action Measures must achieve the
maximum technologically feasible and cost-effective reductions in GHG emissions;

WHEREAS, in January 2007, Governor Schwarzenegger issued Executive Order
$-01-07, which established the goal of developing a low carbon fuel standard (LCFS) to
reduce the carbon intensity of transportation fuels by at least 10 percent by 2020; the
Executive Order provides that the LCFS shall apply to all providers of transportation
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California’s Low Carbon Fuel Standard

(An Update on the California Air Resources Board's
Low Carbon Fuel Standard Program)

To help address indirect land use issues, the Board, at the April public hearing, directed
staff to convene an expert workgroup to assist staff in refining and improving the land
use and indirect effect analysis of transportation fuels and to return to the Board no later
than January 1, 2011, with regulatory amendments or recommendations, if appropriate,
on approaches to address issues identified. Staff is to coordinate this effort with similar
efforts by the U.S. EPA, European Union, and other agencies pursuing a low carbon
fuel standard.

October 2009

California Environmental Protection Agenc
E— Air Resources Board
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Les effets biophysiques

* Les changements d’albedo et d’évaporation vont-ils
refroidir ou réchauffer le climat ?
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Afrique du Sud — zones sombres = plantations de Jatropha
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Albedo vs. Stockage de C
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Impact en termes de GES

units Jatropha, South Africa
Biomass (thanyT) 19
Useable energy
Diesel (GJfhalyr) 71.7
Emissions
Combustion of biofuel (t CO2ehalyr) 04
Maximum emissions saved from
displacement of fossil fuel it CO2efhalyr) -H3
Net excluding land-use change (t CO2e/halyr) -4.9
Sequestration (t CO2e/halyr) 5.4
Albedo (t CO2ehalyr) 8.5
Net including land-use change it CO2e/halyr) -2.9
Albedo/Sequestration 133%
LUC / Er"uerl::;yr 0.42

David Neil Bird, www.ceg.ncl.ac.uk/reimpact
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S’assurer de la viabilité climatique
des filieres

* Prédire les Rendements futurs

* Estimer les Besoins en eau
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Comment le climat ‘pilote’ |a productivité
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Besoin en eau de différentes cultures

Precipitation Change (%)
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Besoin en eau par L d’agrocarburants

Crop Total water Blue water Green water

Ethanol L of water per L of ethanol
Sugar beet 1,388 822 566
Potato 2,399 1,078 1,321
Sugar cane 2,516 1,364 1,152
Maize 2,570 1,013 1,557
Cassava 2,926 420 2,506
Barley 3,727 2,083 1,644
Rye 3,990 1,846 2,143
Paddy rice 4476 1,641 2,835
Wheat 4 946 2,873 2,073
Sorghum 9,812 4 254 5,558

Biodiesel L of water per L of biodiesel
Soybean 13,676 /.521 6,155
Rapeseed 14,201 8,487 5,714
Jatropha* 19,924 11,636 8,288
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Apercu de quelqgues solutions ou
alternatives
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Produire sur les terres agricoles
abandonnees

 Deux éetudes

]
The Global Potential of Bioenergy on

Abandoned Agriculture Lands Biomass energy: the scale of the
potential resource

Christopher B. Field', J. Elliott Campbell’ and David B. Lobell?

. ELLIOTT CAMPEBELL, **#

DAVID BE. LOBELL,® ROBERT C. GENOWVA,'
AMD CHRISTOPHER B. FIELD?

Department of Global Ecology, Carnegle Institution of
Washington, Stanford, Calffornie 24305, Depaniment of
Biological Sclences, Stanford University, Stanford, California

94305, and Program on Food Securtiy and the Environment, Trends in ECOlogy and EVOIUtlon, 2007

sStanford Univers'ty, Stanford, California Q305

Recevved January 7. 2008 Rewsed manuscripe received
April 7, 2008, Accepted May 22, 2004,

Envir. Sci. Technol., 2008

Master ICE — 14 Octobre 2010 -
O
@ ‘Les interactions entre bioénergies et climat’ ceo, ks S




Surfaces concernées et NPP associée

(a) Abandoned area (b) Abandoned NPP
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TRENDS in Ecology & Evolution
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A I'echelle globale

* Quelgques ordres de grandeur:
— Surface globale estimée : ~400 Mha
— NPP moyenne : ~3 tC ha! an-

— 50% de biomasse aérienne, 45% de Carbone,
teneur énergétique de 20 kJ gt

=> 5% de la demande énergetique mondiale

 Conclusion

— Potentiel a ne pas dépasser
« Sur plus de surface -> compétition énergie/alimentation
* Avec plus d’intrants -> ~ intérét climatique
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Agrocarburants de 2% génération

* Par ex., étude de Tilman (2006)

Carbon-Negative Biofuels
from Low-Input High-Diversity
Grassland Biomass Science, 2006

David Tilman,* Jason Hill,** Clarence Lehman®

* Production de bioénergie a partir de plantes
herbacées pérennes (LIHD grasslands)

— Bon rendement énergétique
— Réduction des émissions de GES
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Comparaison a des agrocarburants de
1¢¢ génération

LIHD prairie bioenergy

Current biofuels on degraded soil
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La contraction d’'une dette carbonée

Met C stock loss
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Planter des forets plutot que des
cultures pour agrocarburants...

* Une étude de Righelato et al. (2007) basée sur des
estimations de I'impact d'un changement d’'usage des
terres sur le bilan carbone

* Le gain environnemental par séquestration peut étre
plus grand que celui par production d’agrocarburants
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Carbon Mitigation by Biofuels or
by Saving and Restoring Forests?

Renton Righelato® and Dominick V. Spracklen

Science, 2007
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A defaut, protéger les foréts

déforestation Intensification
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Bilan GES net
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Mise en place de mécanismes

» Reduction des emissions liées a la
déforestation et a la degradation des foréts
= REDD

* Sur la base d'un marché Carbone, donner une
valeur aux émissions évitées associées a la
déforestation

» Potentiel d’atténuation ~0.75 GtC an!
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Une approche interdisciplinaire

Environnement Socio-Economie

Prospective

v

adaptation

. 02 04 06 08 1.0
Fort impact Faible impact Fort impact

Diffenbaugh et al., PNAS, 2007
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