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WG Assessment of
LCA-Aspects over Full Value Chain

Primary Energy

| Electricity production |

rr-—===®=®=®===®=®==25, "T"T=-T"®=®=®=®=®=®=®=m=m= I

] — ;

I | Electricity grid | :

' |

4 — |
Production | Charging infrastructure | :
of vehicle 1

. - AEnd of | ife
Electric vehicle |-—> . . .

Production Dismantling of vehicle
of battery ‘

THE INNOVATION COMPANY Transportation service 2



IEA INTERNATIONAL ENERGY AGENCY JOANNEUM N
 HYBRID & oL »))))
ELECTRIC

VEHICLE

IMPLEMENTING
AGREEMENT

The 7 Key Issues in LCA of EVs

1) General issues: state of technology, heating&cooling of vehicle
2) Life cycle modeling: end of life, data quality, allocation, life time

3) Vehicle Cycle: productioni usei end of life e.g. energy demand of
vehicle

4) Fuel Cycle (electricity production): PV with storage

5) Inventory analysis: co,, MJ, kg <-> CSB5 waste water, heavy metals
6) Impact assessment: GHG, primary energy <-> biodiversity, toxicity
7) Reference system: vehicle size, driving range, 100% substitution?
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18 Countries in 14 Tasks
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Task 1, Information Exchange
Collects, analyzes, and disseminates
information

Task 10, Electrochemical Systems
Forum for current issues in advanced
batteries

LCA of Electric vehicles gonives oferc

=)
Operatlng agent RESOURCES /

Task 14, Market Deployment
Vehicles: Lessons Learned
Analyzed past EV demonstraj
identify best practices

Task 15, Plug-in Hybrid Ele
Vehicles

Focuses on how PHEWS can ad
market needs

Partners: Argonne EMPA‘

NATIONAL LABORATORY Materials Science & Technology epublic
Task 17, System Optimization and
Vehicle Integration
Studies hﬁw_ E\_.-r system configurations Deutsches Zentrum
could be optimized DLR fiir Luft- und Raumfahrt

Task 18, EV Ecosystems German Aerospace Center
Roadma
HE=

|A-HEV welcomes countries and organizations that will both benefit from and contribute
to the sharing of information and resources on hybrid and electric vehicles.

Task 19, Life Cycle Assessment of EVs
Explores the sustainable manufacture and
recycling of EVs

GET NEWSLETTERS BY EMAIL

Enter Email Address |

As more models of plug-in electric vehicles reach the commercial marketplace, the role
of the private sector within IA-HEV is growing. Several Tasks (projects on special
topics) include industry experts along with 14-HEVs traditional participation from

1 ctandards governmental and research organizations.

hitp./iwww.ieahev.org/

for Li-ion Batteries _ _ UPCOMING IA-HEV TASK WORKSHOPS
Collaboration for Li-ion ageing testing
AND MEETINGS FOR 2013
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natural gas
Austrian grid mix
hydro power
wind power

PV

wood chips

short rotation forestry
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Greenhouse Gas Emissions of

Electric Battery Vehicle

l vehicle production
l operation
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Greenhouse gas emissions [g CO,-eqg/km]
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viticlis. The 2 Keys: Renewable Energy
and Energy Efficiency

300 Anternal combustion engine and battery electric passenger cars
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200 Electricity
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Source: LCA of passenger vehicles, Joanneum Research, *) without iLUC
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Estimated GHG (CO,, CH,, N,O)
Emissions of National Electricity Productions
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National electricity production own calculations using data of ecoinvent
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GHG Emissions of EVs
Current National Electricity Productions

400 - Electricity consumption EV at charging point
for real driving cycle (e.g. heating/cooling):
157 30 kWh/100 km
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Estimated PM-Emissions
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PM (< 10 um)-Emissions of EVs
~ Current National Electricity Productions
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Source: own calculations using data of ecoinvent



Additional Renewable Electricity
Production and Electric Vehicles
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ADirect connectionii
AV istorager
AStored in Gridf
ARe al charging
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T Charging of EVs with
Additional Renewable Electricity

nADi rect connectiondViastorageo

/\\E}/\\ /&
electricity electricity
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v
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LTS Strategies with Additional
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Simultaneousness of EV Loading and Renewable Power Generation
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About 700,000electric vehicles Tgf}t 20, DE

Rest: AT BE, BG, CZ. DK, FI, P 39
GR, HU, IE, IT, LU, PL, PT, RO, -
SK, SI. ES, SE, AU, CA, CH. KR, TR, 16%

ID, SA CN
12%
Assumption: NO
6%

- BEV 65%, PHEV 35%

- BEV: 14,000 km/a

- PHEV 8,000 km/a (electric)
- EVs substitute 95% of km driven by conventional vehicl%%§

(o]

.....................................................................................................

THE INNOVATION COMPANY :
Source: EVI 2015, IEA-HEV, own assumptions
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Estimated GHG-Emissions
of Electric Vehicles Worldwide (2014)
300
200 substituting dieseland gasolinelCE vehicles
E 100 7
o
. 0 - .
L AERERAEREN N M
g -100 -58 .86 o
" B}
_E -200 Ranges due to
3 300 A Emissions of national electricity production
€ 1 Electricity consumption of EVs at charging point 313
o 400 4 Fuel consumption of substituted conventional ICEs
% 1 Emissions&energy consumption of real world driving cycles
O 500 Data availability, uncertainty and consistency, e.g. PM
-600 0
0o J70% -15% -15%-35% +35% -80%-15% -15% -20%

FR DE NL GB CN NO Us JP Rest total
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Estimated PM-Emissions
of Electric Vehicles Worldwide (2014)

substltutlng dieseland gasollneICE vehicles
100 5
0 — ——

100 4 2 a4 P -49 -54

-200

-300 4 Ranges due to

-400

-500

-600

-700

- Emissions of national electricity productlon3 3

- Electricity consumption of EVs at charging point

- Fuel consumption of substituted conventional ICEs

- Emissions&energy consumption of real world driving cycles
- Data availability, uncertainty and consistency, e.g. PM

-75% -70% -70% -60% +45%-85% -75% -50%
FR DE NL GB CN NO us JP  Rest

total

-60%
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R Estimated NO, T and SO,-Emissions
of Electric Vehicles Worldwide (2014)

4.600 A substituting dieseland gasolinelCE vehicles
Ranges due to
g - Emissions of national electricity production
ie) 3 600 - Electricity consumption of EVs at charging point
g ’ Fuel consumption of substituted conventional ICEs
E Emissions&energy consumption of real world driving cycles
o Data availability, uncertainty and consistency, e.g. PM
8 2,600 - 2,469
€3
% ~ 1,844
23
€ 1,600 - 1
+
2 -55% -40% -459 +20% 806 1350 +40%
o] 600 - 2509n
S -70% 314
< v B i
—- T 5 T _ T T T - T T T T
400 4 -138 - -161 2234

FR DE NL GB CN NO us JP Rest total
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Estimated CH,-, NMVOC-, NO,- and CO-

800 substituting dieseland gasolinelCE vehicles
424
300 -
T T B ' ' ' ) )

-200 - .1 9 _?9 52 -68 . E Eg

- - -286 K
-700 -

710
Ranges due to

1200 1.  Emissions of national electricity production
Electricity consumption of EVs at charging point
Fuel consumption of substituted conventional ICEs
-1700 .  Emissions&energy consumption of real world driving cycles -1,989
Data availability, uncertainty and consistency, e.g. PM

-2200 -

Ozone formation potential emissions
[t C,H,-eq/a]

-75% -55%-50% -40% +60% -80% -30% -25% -30%

FR DE NL GB CN NO UsS JP  Rest total

-2700 -



IEA INTERNATIONAL ENERGY AGENCY

HYBRID &
\ ELECTRIC
VEHICLE

IMPLEMENTING
AGREEMENT

Greenhouse gas emissions

Intermediate

battery storage

assumed

1) PV 20%
2)  Wind 10%

=)
GHG Emissions of

Electric Vehicles - Renewable Electricity

diesel & gasoline
ICE

Average significant GHG reduction

AT (945 kWh/kWp)
(1407 kWh/kKWp)
FI (826 KWh/kWp)

< AU

—

"

= w D ™ - o~ Electricity
< Q < = = consumption EV at
< < ) .
charging point
for real driving cycle
(e.g. heating/cooling):
157 30 kWh/100 km
Wind 2) Hydro

Source: own calculations using data of ecoinvent
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e PM (< 10 pum)-Emissions
of Electric Vehicles T Renewable Electr.

. 140 -
S . :
< 120 - diesel & gasoline
(=) ICE
£ 100 A
7
g 80 - .. :
2 Average significant reduction
2 60 1 PM-emissions (< 10 um): 75 - 87%
o 40 -
- m , B
- 20 - _— L — L — -  Electricity
\J, 0 consumption EV
o —_ — — _ - at charging point
E ;c" ;n' ;Q' < o F - b E for real driving
3 = = = cycle (e.g.
= 2 2 2 heating/cooling):
S ” ~ © 157 30 kWh/100
< o N
Intermediate 2 3 * km
battery storage 'E = o
assumed <
1) PV 20% PV 1) Wind 2) Hydro

2) Wind 10% Source: own calculations using data or ecoinvent
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Additional renewable electricity with adequate charging
strategies is essential for further significant reductions ry

.....................................................................................................

Broad estimated ranges mainly due to
- Emissions of national electricity production
- Electricity consumption of EVs at charging point
- Fuel consumption of substituted conventional ICEs
- Data availability, uncertainty and consistency, e.g. PM

Estimation of environmental effects substituting diesel/gasoline
- GHG-reduction: - 20%
- PM < 10 reduction: - 60%
- Acidification increase: + 40%
- Ozone reduction: - 30%

about 700,000 EVs worldwide (end of 2014):
Main countries US, JP, CN, F, DE, NO

Environmental Assessment of EVs only possible on
Life Cycle Assessment compared to conventional vehicles
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m Air
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management

B Overall environmental effects
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