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INTRODUCTION

SUSTAINABLE MOBILITY

@® The Paris Agreement sets out objectives to limit greenhouse gas (GHG) emissions in all sectors by fostering
low carbon technologies.

hiiti ) icci - ® The EU has set ambitious targets for reducing net
Contribution (%) tothet(?tal CO,emissions. = Electrtcr.cy and heat emissions by at least 55% by 2030 compared to
from fuel combustion (World) production 1990.
m Other energy . .
3% 3 @ Transportation sector is brought to center stage as
industry own use it accounts for almost a quarter of global CO,
emissions.

» Manuf. industries

and construction ® Deployment of low-carbon vehicles’ technologies

is exploding, as well as alternative fuels.

Transport
@® Directives ruling for both fuels and powertrains
) _ must be considered.
m Residential
@® Life cycle assessment (LCA) methodology is a
X SN powerful tool to assess several options to
' Commercial and public decrease environmental impacts of
services transportation sector.

Source: IEA (2020), CO, Emissions from Fuel Combustion
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LIFE CYCLE ASSESSMENT %;\ )\m‘:ﬁ,
A POWERFUL TOOL R

)
-0

® Life Cycle Assessment (LCA) methodology is ruled by ISO norms 14040-44 and is e VEHICLE

defined by its multiple stages approach: from cradle to grave, combined to an HIEE CrCRE
environmental multicriteria impact assessment method. ﬂ
Raw
material
® With the development of the electrification in transport, all the vehicles' life cycle extraction
must be considered, combined to the well-to-wheel assessment. l[
e
. . Vehicle
@® It is also crucial to assess other T
. i —
environmental impacts than the | ﬂ ~
. . A = & ) 3/'
sole climate change impact Enem A. — Aa | r’ﬁ\ﬁ -
trying to avoid environmental Sesouccs KSSOVECe || — Faeciy = Encgy  |mmpmp i
. e'{plm ation exploitation production delivery Energy use ;
impacts’ transfers. el - g B
Ki ANK ﬂ
G" L . _Q
Source: inspired from Ternel et al., 2021 Q"GQ
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I WHY BIOMASS IN TRANSPORTATION SECTOR?
VARIABILITY AND COMPETITIVENESS OF TECHNOLOGY

NEW ENERGIES

Energy resource Fuel Engine / Vehicle
Oll %—p Gaso“ne
Natural Gas > Diesel Internal
—3%!  Combustion
Coal LPG Engine (ICE)
Ethanol
- Synthetic diesel s Hybrid Electric
Biomass Synthetic biodiesel Vehicle (HEV)
Biodiesel Fuel Cell
=< Electric Vehicle
Hydro NGV (FCEV)
Solar .
Wind BioNGV | Electric Vehicle
Geothermal Hydrogen (EV)
s t —
Nuclear % El i~ T, W anatisis - = €Energies
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NEW ENERGIES

DIFFERENT CLASSIFICATION OF BIOFUELS (1/2)

s Conventional biofuels
e @ Mature technologies
FAME @ 79.6 Mtoe in 2017, i.e. nearly 4% of the
energy consumption of road transport
. ~ ldwide
By s i \ P wor
?ﬁ = mf @ Main production areas: USA, Brazil,
oo prbacke EU28, China
Farmontation f:;;\ -
—> 5 B ;<

Sugars

\/'

. . . : Agricultural O m E
Lignocellulosic biofuels ﬂ‘“"" et — &

and forest rniﬂun I R " Hll with
sl gas oll
pesssceseses———  SYyNIAS |=1_} Hydrocarbons f.r" with |

(gasification) -

@ New technologies for a different type of resource

@ Technological maturity expected by 2020  epeas I @ — 653
@ Industrial maturity expected by 2025 B SRR b sugaes ey @ =P Mixwith gasoline
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DIFFERENT CLASSIFICATION OF BIOFUELS (2/2)

@ Other biofuels

@ The same conversion processes
as for conventional biofuels
(mature technologies), but from
new resources

@ Industrial oily lipid by-products

@ Co-products of the sugar and
starch industries

@ Microbial biofuels via
microorganisms producing
sugars or lipids

Pt mchior

@ Lipidic algae
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LCA OF BIOFUELS
SCOPE DEFINITION

NEW ENERGIES

The main steps defining the boundaries of the LCA of a biofuel chain

Conversion 2 Distribution Biofuel use

Cultivation & harvesting Conversion 1
of biomass
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Well-to-Wheel GHG emissions of biofuels pathways
RED Il default values and and targets for reducing GHG emissions in RED Il
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RED Il [
RED I — o

Minimum GHG
RED I ‘ ‘ :

0% M s0% savings RED Il

REDII _ (fossil reference 94 g CO,
RED Il j eq./MJ)
REDII 50% for biofuels produced
RED Il : in installations started

before October 2015
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in installations started
REBII h after October 2015
RED II
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— in installations started
RED II after January 2021
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ENVIRONMENTAL IMPACT ASSESSMENT OF SEVERAL POWERTRAINS

PROPELLED WITH SEVERAL ENERGY PATHWAYS
CLIMATE CHANGE IMPACT INDICATOR

SUSTAINABLE MOBILITY

m Glider's life cycle Tires' life cycle | Battery's life cycle m Well-to-Tank

Tank-to-Wheel » Electricity, FR Electricity, EU
Potential global warming impacts for a C-segment m
passenger vehicle in 2020, WLTC cycle ice (e c2) [
pHEV (100% clec) D
@ Significant contribution of battery life cycle to total ICE (bionGv) - |
vehicle life cycle GHG impacts v I
o Jkioraniey v+ I
% fora
® From 45% to 55% for an EV Ice (ess G2) NG I
ice (ess) NG
@® High sensitivity to the charging electricity mix for Ice (e100) NN
electrified vehicle ICE (NGV) _ _
HEV (gasoline) | INNNNNEGEGEGEGE DN
® Resource mix used by the average biofuel mix pumped ICE (B7
in France in 2017 Dé[EC) & pump — d( : ——
HEV(100% gasoline) [N RN
® Default REDII average values for biofuels: GHG
emissions and LHV > (CE (Diesel) NN I
ice (€20) NN
® Glider’s life cycle roughly equivalent among ICE (Gasotine) - [N I
powertrains 0 20 40 60 80 100 120 140 160 180 200
Greenhouse gas emissions (g CO, eq./km)
® ICE:,h]icgh imPact of WTW stage, especially TTW for
fossil fuel # from biofuels where WTT has greater
Impacts Sources: Bouter, A., Hache, E., Ternel, C., Beauchet, S., 2020, Int. Journal of Life Cycle Assess.
Ternel, C.; Bouter, A.; Melgar, J., 2021, Transportation Research Part D.
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ENVIRONMENTAL IMPACT ASSESSMENT OF SEVERAL POWERTRAINS

PROPELLED WITH SEVERAL ENERGY PATHWAYS SUSTAINABLE MOBILITY
CLIMATE CHANGE IMPACT INDICATOR
m Glider's life cycle Tires' life cycle m Battery's life cycle m Well-to-Tank m Glider's life cycle Tires' life cycle M Battery's life cycle m Well-to-Tank
Tank-to-Wheel ® Electricity, FR Electricity, EU Tank-to-Wheel W Electricity, FR Electricity, EU
ice (e G2) I m ICE (xtL G2)  EEG— m
PHEV (100% elec) | AN PHEV (100% clec)
ICe (vionGv)  [INEEG— HEV (bioNGV) |
ev PHEV (100% bioNGV) I I
ICE (bioNGV) NN .
ev+ I Ev I I
Ice (e85 G2) [NNNGEGEGEG ICE (E85 G2) |
ice (ess) N D Ev+ I
ICE (8100 ICE (E85) |G
(8100) [N ICE (B100) G
ice (nav) T D HEV (NGV) N e
HEV (gasoline) N DN PHEV (100% NGV) |G I
HEV gasoline | I
R — PHEV (100% gasoline) I R
PHEV(100% gasoline) NN BN ICE(NGV) |
ICE (Diese!) N I ICE (B7) |
ICE (E10) |
ice (10) NN ICE (Diese!) INEG— N
ICE (Gasoline) NG N ICE (Gasoline) G
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
Greenhouse gas emissions (g CO, eq./km) Greenhouse gas emissions (g CO, eq./km)

-

= A forecast comparative analysis of GHG emissions is presented here.
» Updated vehicle weigth, battery technologie and CO, electricity content are considered for 2030
= |CE, HEV or PHEV engines powered with advanced biofuels complement the full electrified powertrains
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THE GROWING MARKET OF ELECTRIFIED VEHICLES SUSTAINABLE MOBILITY

ajﬂ Battery Production Emissions

@® Context " H}'I fo ° @fg’fﬂg

® Growing electrification of the vehicle fleet supported by the countries

® Market response From 15 to... 487 kgCO,,,/kWh !

Medium value (kgCO,,/kWh):

e NMC: 72.5
® Future production in EU LFP: 73.5

® Diversified offer of battery technologies: Li-ion, NiMH, all-solid, etc.
@ @ Increased performance of existing technologies e

L . . . . LMO: 74.1
@ @® Question: if electric vehicles do not emit exhaust emissions, what NCA: 41.7
about the environmental impact of battery production?

/ "\ @ Answer: not so simple... i
® Many studies exist BUT the range of values is very disparate

Often little transparency on the assumptions and data available
Few studies on the end of life of batteries

* Regulatory obligation on the end of life of batteries in quantity but not . |> = ’
| * in quality (185

Which environmental impact indicator(s)?

0 100 200 300 400 500
kg COz eq./kWh

- o N IEESL YO E 7 am
Dispersion of LCA GHG emission results for the different types of Li-ion Bat cathodes (32
11 1 o 2016 1Fpen studies / 377 observations)



BATTERIES’ ENVIRONMENTAL IMPACTS
OTHER THAN CLIMATE CHANGE INDICATOR

SUSTAINABLE MOBILITY

® Comparison between ICE diesel vehicle versus Electric Vehicle

100

%
u
L

/ A / A / A / A’ / A
Climate Ozone lonising Photochemic Particulate Human toxicit Human toxicit Acidification Eutrophicatio Eutrophicatio Eutrophicatio Ecotoxicity Resource use
change depletion radiation al ozone form matter y, non-cancer y, cancer n, freshwater n, marine n, terrestrial , freshwater , minerals and

B _passenger car, electric {GLO}| processing | Cut-off, U [lll _passenger car, medium size, diesel, EURO 5 {RoW}]| transport, passenger car, medium size, diesel, EURO 5 | Cut-off, U

Method: EF 3.0 Method (adapted) V1.01 / EF 3.0 normalization and weighting set / Characterization
Comparing 1 km '_passenger car, electric {GLO}| processing | Cut-off, U with 1 km '_passenger car, medium size, diesel, EURO 5 {RoW}| transport, passenger car, medium size, diesel, EURO 5 | Cut-off, U’



WHAT ABOUT E-FUELS?

SUSTAINABLE MOBILITY

* E-fuels are very promising from a climate

Results in gCO,eq./MJ

(based on JEC v5 data, with Ecoinvent data, energetic allocation rather than substitution)

( E-diesel Common hypothesis ) change perspective according to the
energy used for their production.
Optimistic Pessimistic * CO2 from DAC
11,141 24476
* PEM Electrolyser .
_ _ No t t of H2 * From a cumulative energy demand
5 [ ]
u Egg 3:2;;“;? =gg§ E::{“'“a's O transport o perspective, e-fuels are 2 to 3 times more
[ | Conditionin_g & Distribution Direct Emissions energy Consuming than other alternative
H2 production [ H2 transport
B Process chemical and water ] Process electricity Opt|m|st|c scenario pathways.
_. Process heat B Mo statement
* Wind electricity
. « Heat produced with a heat =>» The origin of the energy used to produce
b oump e-fuels is crucial for their impacts on climate
5 S change indicator
g 102.4
51,2 Pessimistic scenario ,
: — I — _ * The production of H, stage has a
* European electricity mix significant role to play about the
SAptstic — * Heat produced with NG deployment of e-fuels, especially the
Fossil fuel ref. (RED 1) boiler origin of the electricity for H, production.
\ —E st J By (ifipeese
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TAKE-HOME MESSAGES NEW ENERGIES
PROS CONS

@ Biomass [ @ Biomass
@ Important lever for reducing pollutants in the @ Possible competition of food versus fuel

transpc_>rtation sector @ Potential rebounds effects on LUC (direct and indirect)
@ Potentially abundant source of renewable energy @ Tailpipe pollutants emissions (other than CO,)
@ Biofuels are easily substitutable for conventional fuels

@ Zero tailpipe emissions @ Consumption of critical raw materials to produce battery
@ Could be a game changer for GHG reduction according to @ Battery’s management end of life of batteries could be a game

Iﬂl
@ Electrified vehicles ;‘-8 @ Electrified vehicles

batteries’ weight and energetic sizing changer between pros and cons
@ E-fuels  EE = @ E-fuels
@ Drop-in o @ Production: energy consuming
@ Promising solution in terms of GHG reduction e B T e WD @ Balance depending on the energy source
@ LCAis

() @ A very powerful multi-criteria environmental decision support tool to guide future policies

@‘,je\ """""" .. @ Which is sensitive to hypothesis and requires sensitivity analysis
B - @ - Y, @ It seems also urgent to considered other environmental indicators than the only climate change impact
@ gﬁ‘ indicator to have a broader view of the impacts

&) o ./~ @ Large-scale scenario should also be assessed
@ It is the diversity of low-carbon solutions which seems to be the smarter way

14 | © 2016 IFPEN
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SUSTAINABLE MOBILITY
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