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Session 1B
Life-cycle assessment of different transport options

What is the way we currently perform LCAs for vehicle manufacturing, fuel production,
vehicle use and infrastructure construction?

What do we know in terms of results?

How were existing tools used to assess the performance of different vehicles with
respect to energy and CO, emissions?

Speakers:

+ Michael Wang - Manager, Systems Assessments, Argonne National Laboratory

+ Marta Yugo — Science Executive, Economics and Modelling (CO, and Energy), Concawe
+ Marine Gorner - Analyst, International Energy Agency

+ Anne de Bortoli - Researcher, Ecole des Ponts

+ Agnes Jullien - Director, European and international affairs, IFSTTAR
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What is the scope of the JEC work?

Well-To-Wheels versus Life Cycle Analysis

JEC WTW - Energy & CO2

LCA applied to vehicles - The big picture
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» > 10 years of collaboration.
» JEC WTW v5 not published yet
Initial reesults presented at the Sustainable Energy week
(Brussels, June 2019)



JEC WTW analysis
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Both fuel production pathway and powertrain
efficiency impact are assessed in terms of GHG

emissions as well as total and fossil energy use
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Establish

energy use GHG emissions

for a wide range of automotive fuels and
powertrains relevant to Europe in 2025+

updated as technologies evolve

data-set

Common methodology

outcome as a reference



JEC WTW analysis - Methodology choices
1) Marginal approach

Well-to-Wheels analysis is essential basis to assess the impact of future fuel and powertrain
options replacing conventional fuels

Aiming to assess the marginal impact of extra (or less of) any given fuel.

The marginal/incremental approach is instrumental to:

Guide judgements on the potential benefits of substituting conventional fuels/vehicles by
alternatives

For future fuels: understand where the additional energy resource would come from (if demand for
a new fuel were to increase)

]

Marginal refining emissions (Concawe EU refinery model)
Marginal natural gas

Marginal processing of biofuel (new bio-refinery / state-of-the-art)
[x] Average emissions as proxy:

EU electricity emissions

o St 3
Crops cultivation: marginal emissions for extra crop (from yield intensification expansion G0
onto marginal cropland
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JEC WTW analysis - Results v5

Current 2025+

wel M H  Tank ||‘ Wheels
Major update of @ NEW!
JEC v4 pathways

New pathways

New technologies,
new fuels and new

feedstocks. Modelling work! \ ' )
=
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JEC WTW analysis - Results v5

252 pathways to fuels. Examples.

(1)  Fossil derived fuel et WTT — Updated Pathways Fossil llC|U1dS

(O]l & GaS) Example. Crude oil based fuels

MAJOR UPDATE ~ % 100
vs JEC WTT V4 E
2 20
i Recent studies § 18 80 g
(2) B]ogas STATE-OF-THE ART }; 70§ -
8 12 602 £
INPUTS updated (examples) = 0 8 EE
( 3 ) Ethanol + Crude oil extraction from Exergia et al 5 s a0 £ b1 N G / LN G
+ Refining products from Concawe 2017 report & 3028
(Marginal approach®) .E, N 202 2
- Biofuel pathways = inputs for forestry residue e
0 > collection, transport & distribution, etc. aligned to RED Il o
(4) Biodiesel + CNG/LNG pathways E o'/

COD1  CODIC COGl' COGIC COHOP1 COHOP:
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+ Electricity mix (LV including upstream losses):

u Production & conditioning at source = Transformatic
O current EU mix (JRC 2016) ; ) .

[}
= Conditioning & distribution "\ ©Total GHG inc|

)
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( 5 ) Syn fu e ls New appendix in v5 summarizing differences vs JEC v4

Crude oil pi i I i
(P (*) Additional average values, under discussion, will likely .
(6) Electricity compianent I 1ol verhon of o 16por o Somparin puposes. | JEC WITYS: 10.4 § COs/Mipeg| | JEC WTT
Wity WITv4: 8.

(7) Heat & Power Not published yet. Subject to modifications

-
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(8 COZ“IM.I,, ol fusl)
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( 8 ) H ® Production & conditioning at source Transfermation at source
2 = Transportation to market ® Transformation near market
w Conditioning & distribution < Total GHG inc. combustion

STATE-OF-THE-ART

. Updated / New pathways based on recent literature review and/or empirical data to reflect new technologies,
fuels and feedstocks.

. Data from other Associations (e.g. NGVA), Technology Providers included.



JEC WTW analysis - Results v5 TTW

Summary of TTW Simulation Results:
2015 (NEDC) & 2025+ (WLTP)

TTW CO;, equivalent Emission (g CO, o/km)

140
- s ﬁ\mﬁ » TTW passenger cars (PC)
120 & HEW Variants 2015 T T T T:: nﬂhl::l .
‘:E:;;::U:;S _ ’ A 50 sp;;ckr::"_ mr;::E * representative of EU market,
1007 o pHEw variants 2015 Hytahls ¢ N generic C-segment passenger
PHEV Variants 2025+ ICE 2025+ car (2015 and 2025+)
(i [HYEdE 2025 w | - TTW simulations to reflect
WFuel Cell Variants 2015 e/ Mild Hybrids 2025+ changes in test cycles from
60" & Fuel cellvariants 2025+ ' ' ' ' ' ' ' NEDC (New European Drive
A BEVVariants 2015 Cycle) to WLTP (Worldwide
dp qRIETREEE 4 Puevaois | | | Harmonized Light duty Test
hid Procedure)
20 | @ REEV2015 | | | « PC simulations have been performed
BE&}_ () PHEV 2025+ by AVL List GmbH using Cruise
’ 0 20 a0 60 s;c = 100 120 140 160 180 200 software (as in v4). —
TTW Energy Consumption (MJ/100km) - including fuel & electric energy (E:"Ca‘”e 'e_[lc—c;

Not published yet. Subject to modifications 8 K )
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JEC WTW analysis - Results v5

Examples.

e Fossil diesel
 Biodiesel

« HVO

« Ethanol

 Compressed
Biomethane

* Electricity
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COoG1
owca1
OwWCG21
OWCG22
OWCG4
WWCG2
RECG1

Conventional gasoline

Municipal waste (closed digestate)
Manure (closed digestate)

Manure (open digestate)

Maize, whole plant (closed digestate)
Syn-methane from Waste wood
Syn-methane from renewable electricity

Selection criteria:
(Max 5 WTT pathways for WTW)

Code:

O @

Reference

CO2 Max

CO2 min

Representative

Special interest/only pathway

—

PC: Class-C,
single
configuration

For a specific reference year
(Current & 2025+)

2025+ DISI vehicles (WLTP)

Bars represent the total WTT + emissions
Waste wood
Maize
whole plant
Manure
Municipal
waste

T
=200 -100 0 100
GHG emissions (g CO2eq/km)
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JEC WTW analysis - Results v5 WTW

Example. XEV (2025+)

2025+ (WLTP)
g Electr. (Wind)
Strong impact of electricity -
source. Z  electr. (NG)
BEV200 | —
. Z  Electr. (Coal
Interesting performance of g fecr (Coa
PHEV against BEV (strongly 2 _— 'mtf el
. w -] | | rom tue
=
affected by Fhe electric vs. ICE . B WTT (fronh electricity)
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HEV g ; Crude oil
=)
— >
HEV 8 g Crude ol
L=}
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0 20 40 60 80 100 120 140
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Not published yet. Subject to modifications K /
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JEC WTW analysis - Results v5 WTW

PC 2025+ Conventional powertrain

2025+ (WTW) / Conventional Powertrains 2025+ (WTW) / Conventional Powertrains
FCHEV E—' HVO et ——
BEV 200 - i Biodiesel E
Py — = e
Ethanol _. CNG ——u
Gasoline B— Diesel SR
-150.0 -100.0 -50.0 0.0 50.0 100.0 150.0 200.0 -200.0 -150.0 -100.0 -50.0 0.0 50.0 100.0 150.0
Mg CO2eq/km Mg CO2eq/km

Not published yet. Subject to modifications
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« EUROPEAN COMMISSION - Joint Research Centre - Matteo Prussi

« Concawe - Marta Yugo

e EUCAR - Luis De Prada
Publication soon! In the meantime...
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