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IFEU-Institute:

» Founded in 1978 by scientists from the University
of Heidelberg

» Currently has a staff of about 50 persons with 40
scientists

» Main Topics: Environmental impacts of transport,
energy supply, LCAs, Air pollution control,
Environmental impact assessment, etc.
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1.  Die Elektromobilitat soll einen signifikanten Beitrag 2
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gien und die Integratio
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Current IFEU projects on electric mobility (Selection) ¥ 77

Life cycle assessments accompanying various fleet tests:

Volkswagen Flottentest (,,Fleet Test Electric Mobility$ v e

» Developing and testing of PHEV

» Accompanying research:

 Scenarios on development of car fleet

 Scenarios on development of power generation system
« Life cycle assessment of conventional and electric cars

Research accompanying electric mobility projects as part of the
German ,Konjunkturprogramm 2°:

» Collection of data and information relevant for LCAs
» Life cycle assessment of various forms of electric mobility

» Development of an LCA online tooI
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What is considered in th_

Electricity and fuel provision
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‘Materials
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Assumptions Vehicle Fleet _m

Assumptions Scenario Vehicle Fleet in 2030 in Germany:
» 12 million electric vehicles (ambitious scenario)

» Electricity demand in 2030: 18 TWh

Considered scenarios:

» ,Plug and play“:
Vehicles are charged directly after their last daily trip
» ,Demand Side Management"“:

Incentives based on energy exchange prices; this considers wind
power and grid load => Charging is homogenized.

,DSM+RES": Additional renewable energy production capacity
to meet demand of electric vehicles
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Electricity supply:

Energiewirtschaftliches Mod
Langfristige Modalti=— " s

PERSEUS europdischen Strommarktes

Inputdaten @
= Deutscher Kraftwerkszubau

REMIX

= pyropaische EE-K osten-

Potenzial-Kurven @

Verkehrs- PowerACE
modell 2 13

@ A2 ﬁ'-.uzlaztun putschen Kraftwerksparks

Kurzfristige Modellierung des
deutschen 5t ~mmarktes

Netz- Electric vehicle
model|

@ - charging mix
. -
- OkobilansModell @

= Brennstoffpreis
,YUIT Ao\

= Stromnachfrag UMBERTU
Stromsektors Okobilanz
Other background data: @ von Elektroautos
_ Comm0d|ty prices (W0r|d el CAr LCA-Modellvon Elektroautos —
energy outlook 2008) @ "
- Renewable targets
- CO, cap

Udo Lambrecht, 6.4..2.2011

TREMOD  Bilanzierungauf Makroebene
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Load / Generation [MW]

Total Load, Feed-in of Renewa
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Total System load —— Feed-in of Renewablg’Energy — Tariff (according to PowerACE 2030)
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Thermal Rest Load (schematic) |\l 10}

100000
mee Thermia | rest loac {Germany 2010
20000 ,
——Tharma rest loag |possibly 2030
g 0000
2
'rlé 40000 [ TypC
|
20000 } TypB
TypA
0 yp
20000 1000 2000 3000 4000 q000 GOO0 000 BON0
Type of Power plant:
-40000 e.g.: Nuclear, Lignite,
Natural Gas
+ Scenarnios for 2030

+ "Negative” thermal rest load: Renewable generation = System Load
+'Negative” thermal load could occur for 10 to 100 hours in the future
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- Without E-Mobility

1000 1500 2000 2500 3000 3500 4000 4

thermal rest load [MW]

— charge after use — l0ad
balancing
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Thermal Rest Load ~ Model Resulfs 8

80000
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Thermal Rest Load ~ Model Resulfs 8

- Without E-Mobility - charge after use load _ B
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Eleciricity mix for elelectric cars. L (L]

1000 -
g CO2 equivalents per kWh

900

Average German Marginal electricity mix Power plant types
electricity mix in different szenarios

2009 2030 charge DSM DSM + REs hard coal gas

(combined
after use (modern) cycle)
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LCA electromobility - example _ m

» Compact car (VW Golf type)

» Life-time mileage of 150°000km

» 30% urban, 40% extra urban and 30% highway driving

» Real world cycles including auxiliary consumers

» Geographical reference: Germany

» Represented timeframe: current (2010) and future (2030)

Electric vehicle: Combustion vehicle:
» Electric engine » Combustion engine
» 25kWh Li-lon Battery » Euro-6 emission standard

(1.5 batteries (2010) and
1 battery (2030) in life-time)

» Electricity generation:
- average
- marginal
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Modeling of vehicle energy consumpt_

Fuel (diesel, gasoline, ..), electricity..

N
Energy consumption

100% TIT
F,.=F,+F, +F.,+F, 809, 12
60% T
40% 17
20% 1

A R 0%
: ,

ECE  90kmh  120km/

Stadt konst. konst. AUXi I | al’y

\ consumers, e.g.
Beschjey air conditioning
i. “iderstang 95 Efficiencies:
F‘\\x\—-—' - '
B4 em,, - Engine
N - Battery, etc.

Quelle: Volkswagen

Driving behavior, road profile, vehicle characteristics...
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GHG emission - life time mileage _ m

300 —
g CO,-Aquivalente/km

¥ Direkte Emissionen
250 m Kraftstoffbereitstellung
Strombereitstellung

B Fahrzeugwartung
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GHG emission - life time milea— 1eU;

300
g CO,-Aquivalente/km
Electricity — German Average:
250 | GWP: BEV comp. with Diesel/Petrol car
Strombereitstellung
W Fahrzeugwartung
® Fahrzeugherstellung/-entsorgung
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GHG emission - Ife me mleage 150000k L |

300 —
g CO,-Aquivalente/km

¥ Direkte Emissionen
250 m Kraftstoffbereitstellung
Strombereitstellung
W Fahrzeugwartung

® Fahrzeugherstellung/-entsorgung
200

150 Clear GHG reduction
by using additional ren. energy
100 |
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GHG emission - life time mileag_ 11§

GHG reduction by
better efficiency and
300 more renew. energy J

g CO,-Aquivalente/km

rekte Emissionen
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Otto 2010  Diesel 2010 BEV (Mix D) BEV (Wind)  Otto2030  Diesel 2030  BEV 2030
(Mix D 2030)
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GHG emission - life time mileag_ m

300 ) |
g CO,-Aquivalente/km
,plug and play “: Residual (Thermal Rest
250 | Load) higher emissions as average
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GHG emission - life time mile
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GHG emission - life time mileag_ 11§
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GHG emission - life time mileage 1_ m

300

g CO,-Aquivalente/km
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250 m Kraftstoffbereitstellyng
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German Situation:

50
DSM helps to integrate fluctuating renewable energy
..and to stabilize the grid....
oe2010 ..Ut can lead to higher GHG emission BEV 2030

(DSM+EE)
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How many kilometres a electri

45 1 emobil (kWh/100km) : 22 45 | Verbrauch E-Mobil (kWh/100km): 18
conv. car (g CO,/km): 150 CO,-Ausstof} konventionell (g CO,/km): 90
electricity (g/kwh): 630 Kraftwerkspark (g/kWh): 430
40 40
35 35
o0 o0
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= 5 =Konventionell g | «==Konventionell
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N
zf ~==E-Mobil (EE) . ==E-Mobil (EE)
g 0 - R 0 v v
£ 0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
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3 Lebensfahrleistung (in 1000km) Lebensfahrleistung (in 1000km)
o
o
= Life time mileage Life time mileage
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GHG per km — only considering batt— m

90

80

GHG per km — considering only battery production
in g CO,-Aquivalent/km bei einer Lebenslaufleistung von 150.000 km

Lesehilfe fur Beispiel : '
Bei einer Reichweite der Batterie von 100 km (bestimmt durch /

die Kapazitat der Batterie und den Verbrauch des Fahrzeuges) 2 batteries per
liegen die zugeordneten CO,-Emissionen (Abschreibung der T ife time(150.000 km)
Herstellungsemissionen auf den Fahrzeug-km) bei einer

Gesamtfahrleistung pro Batterie von 150.000 km bei etwa

17 g CO,-Aqui./km.

Mit GroRe der Batterie (x-Achse) und Anzahl bendtigter

Batterien steigen die dem Fzg.-km zugeordneten CO,- ¢ ‘

1,5 batteries per
Emissionen an.

" life time(150.000 km)

«— 1 batteries per

life time(150.000 km)

50 100 150 200 250
Electric range per charge (km) exemplary lllustration

10 kWh defined by battery size 50 kWh SPielhafte Berechnung



GHG per km — only considering batt

ifeu

GHG per km — considering only battery production (1 battery per vehicle lifetime)
in g CO,-Aquivalent/km bei einer Batterie
140
Lesehilfe fur Beispiel : '
Bei einer Reichweite der Batterie von 100 km (bestimmt durch
die Kapazitat der Batterie und den Verbrauch des Fahrzeuges)
120 liegen die zugeordneten CO,-Emissionen (Abschreibung der
Herstellungsemissionen auf den Fahrzeug-km) bei einer
Gesamtfahrleistung pro Batterie 150.000 km bei etwa < Life time mileage: 50.000 km
17 g CO,-Aqui./km.
100
Bei geringerer Lebensfahrleistung (andere Geraden) und mit
£ der Batteriegrof3e (x-Achse) steigen die dem Fzg.-km
{ zugeordneten CO,-Emissionen an.
s 80
=
o
o
S 60
‘:D < Life time mileage: 100.000 kr
40
< Life time mileage: 150.000 km
g 20 e
=
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3 50 100 150 200 250
- Electric range per charge (km) exemplary lllustration
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10 kWh defined by battery size 50 kWh SPielhafte Berechnung



Factors influencing impact of batte_ ifey?

1. Battery size
- Start-Stopp to ,,pure” electric vehicle
- Electric Range

2. Further development of battery
- very dynamic:
Material composition (anode, cathode, electrolyth)
Energy density
Life time / cycles

3. Production
- ...mass production...
- ...alternative materials
- ...energy mix in mining and production

4. Recycling
- Why (econ. [Cobalt] vs. autonomy)
- technique/procedure
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Factors influencing impact of battery i_ itey;

1. Battery size
- Start-Stopp to ,,pure” electric vehicle
- Electric Range

: F\'j: Assumptions/Informations

M neccessary.
El

Lil - materials

- Life time (calendar — cycles)
3. Prol- Environmental profiles (...2030...)
[ Recycling

- ...{ => DATA have to be generated!
4. Rec

- W

- technique/procedure
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Thank you for your attention

and thanks BMU and others for support
Further information:
www.ifeu.de

www.ifeu.de/emobil
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