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PABL SCHERRER 1NSTITOT q;@:b GoaIS & Scope

Goals

To compare:
« environmental performance of electric v’s conventional drivetrains
- different battery chemistries for battery electric vehicles (BeV)

« all electric drivetrains v's fuel cell electric (FCe) drivetrain

Ay - ¥ s . « energy chains, including new inventories for H, production
Wir schaffen Wissen - heute fiir morgen

Scope
« Life cycle inventories for the production & operation of BeV, FCeV & ICEV
(:E—}M Paul Scherrer Institut + Vehicle end-of-life not yet adequately reflected
TecHnology Andrew Si Laboratory for E Syst Analvsis (LEA + Results for resource uses and a range of emissions
ndrew Simons, Laboratory for Ener stems Analysis ) . ) . .

Eir::trne: v W=y ysis (LEA) « Results relative to internal combustion engine vehicle (ICEV) of current average
Y LCA COMPARISON OF ELECTRIC DRIVETRAINS IN PASSENGER CARS performance & average European driving conditions
thelma-emobility.net - Differentiation between global burdens and local / regional potential impacts

oras.s Al 2011 ores s port 2011

Comparing battery chemistries = - m Characteristics of the battery electric vehicles
With With
Zebra Li-lon
Range 150 150 km
Energy demand at wheels per 100km 14 14 kWh
Specific energy 119 132 Wh/kg
Max depth of discharge (DOD) 80 80 %
Battery efficiency (Charge/discharge) 84 93 %
Drivetrain efficiency (incl battery dischrg) 59 85 %
Grid to wheels efficiency 56 82 %
Rated energy (100% SOC) 48 41 kWh
Electricity demand per km 0.28 0.20 (kWh/vkm
Vehicle weight 1530 1400 |kg
oF4a 6 A 2011 5 oFés s Agn 011
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Electric drivetrains v‘s conventional

FCeV (H,) ICEV (Petrol)

PO SERERIER IRSTITUT

Characteristics of the petrol & fuel cell electric vehicle

Polymer Electrolyte Membrane
(PEM) fuel cell + Li-lon battery

<1.4 litres, EURO 5, average
European performance.

Petrol Hydrogen

ICEV FCeV
Standard EURO 5 2010-15
Engine / fuel cell size <1.4 litres 100kW
Net power 80 80 kW
Range 730 500 km
Tank-to-Wheel efficiency 25 45 %
Fuel consumption per 100km 6.3* 3.4 litres petrol eq.
Vehicle weight (as modelled) 1020 1130 kg
Hydrogen consumption (20-25) ag/km
Battery for hybrid system kWh

* Current European average consumption for this vehicle size. Best in class around 5.2litres/’100km

DF43, 6 Api 2011

DF43, 6 Aprl 2011

PO SERERIER IRSTITUT

Assessment Methodology

. - Main
Burden Indicator Description substances
Greenhouse gas | Global warming potentials (GWP) of CO,. CH,. N,O
(GHG) emissions. | GHG calculated using CO, equivalent | <& ZYHC":"C’SZ ’
Global IPCC GWP factors (IPCC) 6
i Scarcity of extracted metal ores.
Abiotic resource
depletion. CML Single metals expressed in mass of Cu, Fe, Mo, Pt,
' antimony (Sb)-equivalents etc.
I Potential impacts on biodiversity.
AC|d|f|cgt|op& Potentially disappeared fraction (PDF)
Eutrophication. - NH,4, NO,, SO,
of species due to altered pH and
EI99 N
nutrient levels
Local & . P P -
; - Potential impacts on biodiversity. , .
regional Ecoé?;écny. Potentially affected fraction (PAF) of :g/ls POP's,
species due to toxic emissions s
Respiratory Potential direct & indirect health
inorganics impacts. Uses the Disability Adjusted | PM, NO,, SO,
EI99 Life Year (DALY)

Fuel chains
Nat Gas
Euro mix 2000 SMR | — H,
(700bar) | ™
H — | FCeV
; 2 —
Electrolysis | — (700bar)
Electricity mix | Nuclear | Fossil Hydro Others GHG intensity
EleCtriCity (2005) % % % % 9(CO2 eq.)kWh
CH 49.3 8.1 354 72 140
CH SUpp|y miX UCTE 316 51.2 114 5.8 590
or UCTE mix  ’
—| BeV
r il — —
Crudeoll | ’Reflnlng | — | Petrol | — — | ICEV
Euro mix 2000
oFa3,6 e 201 7
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Global: GHG emissions

Pl seaen

Global: Abiotic resources

B Road av aorTr OV mai WYV disposal DFuellelec supply E Direct emis
| |
SMR, Nat gas [- [I
>
8 Electrolysis, CH
2
Electrolysis, UCTE [ I 1] ]
Zebra, CH Iﬂ:"] Battery approx 50% of drivetrain emissions
zebra,ucTE [ I [0 ]
3 !
o
Li-lon, CH Battery approx 60% of drivetrain emissions
Lidon, ucTe | I 1] ]
E Petrol, <1.4| 241 g CO, eq. / vkm
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 18
GHG (CO, eq.) - Normalised
D436 e 2011 9
Pt seatnat st . . g . . .
Local/Regional: Acidification & Eutrophication
ORoad @V oDrTr OV mai HVdisposal  OFuellelec supply B Direct emis
| |
swR, Natgas [T |
o ‘ ‘ Main substances
8 Etectrolysis, cH [ I 1T ] NH,, NO,, SO,
i | |
Electrolysis, UCTE [ I 1T ]
Zebra, CH [ ]
zebra, ucTE [ [ [ ]
|
witon,cH [N |
Li-on, ucTe [T [N 1]
>
i Petrol, <1.41
0.0 0.5 1.0 15 20 25 3.0 35

Acidifying & Eutrophying emissions (PDF“mer) - Normalised
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DRoad BV oortr ov WV disposal B Fuelielec supply
SMR, Nat gas [ [ [T
>
8 Etectrolysis, CH | [T ‘ ]
Etectrolysis, UCTE [JII [T ]
zotra, o1 [T [
zebra, ucTe [ [T
3 |
witon, o [T ‘ [
Lidon, ucTe [ [T
@
0.0 0.5 1.0 15 20 25
Abiotic resources (Sb eq.) - Normalised
0F3. 5 Ao 2011 0
 scutnaen s . ..
Local/Regional: Ecotoxicity
DRoad BV oDrTr OV mai WVdisposal  BFuelielec supply B Direct emis
SMR, Nat gas
>
é Electrolysis, CH _ ‘ [. ‘ -
Electrolysis, UCTE | [ | | s
zebra, cH [
zebra, ucTe [ [
> |
m
Li-lon, CH
Li-lon, UCTE Main substances
. HM's, POP’s, HC's
5 Petrol, <1.41
0.0 0.5 1.0 15 20 25 3.0 35
Ecotoxic emissions (PDF*m2yr) - Normalised
DF3.6 Ao 2011 2
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Local/Regional: Respiratory inorganics - - Conclusions: Global level

ORoad @V oDrTr av BVdisposal  [Fuellelec supply B Direct emis GHG emissions

SMR, Nat gas

* BeV’s require a very low GHG intensive electricity source. Battery choice is then not so relevant.
Electrolysis, CH

FCeV

+ With lower drivetrain efficiency, FCeV are even more influenced by GHG intensity of H, source.
Electrolysis, UCTE

+ Battery or fuel cell: no great differences between production emissions.
Zebra, CH

Zebra, UCTE

BeV

Main substances Abiotic resources
Li-lon, CH PM, NO,, SO,

* Shift to electric drivetrains means a shift in resource competition - Vehicle EOL
Li-lon, UCTE

N « Most influential are elements used in electronics for both BeV & FCeV, also Platinum in FCeV

5 Petrol, <1.41

0.0 0.5 1.0 1‘.5 2.0 25 3.0 35 4.0
Respiratory inorganics (DALY) - Normalised
oras 6 Api 201 s oras 6 At 201 1
Conclusions: Local / Regional level - - Thank you for listening
Acidification / Eutrophication & Ecotoxicity Special thanks to: . i o) M
The financial supporters of the THELMA project: Swisselectric | ccomen EVIUP (5275

«Electric drivetrains may increase burdens on ecosystems - emissions from mining & processing Colleagues at PSI: P. Dietrich, F. Biichi, S: Hirschberg, E. Wilhelm & C. Bauer
of resources (metals and fuels), and the combustion of fossil fuels in background processes. - : : : ‘

+Production of the batteries and fuel cell are defined by location and energy inputs but emissions
& potential impacts are generic - future work to ider differences bet producti
locations.

Human health

*Modern ICEV have low exhaust emissions: much of the burdens are non-exhaust
- so similar to BeV & FCeV.

+Potential health impacts due to the emissions from mining & processing of resources (metals
and fuels), and the combustion of fossil fuels are very dependant on regional population and
their exposure - THELMA to consider.
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