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Individual daily driving profiles
Calculation of the loading state's limits of each vehicle and profile

Individual driving profile (Exemplary vehicle)
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SOC-Profiles of the electric vehicle fleet
Calculation of the load management potential of the EV fleet

Driving profiles Vehicle stock scenario .
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=7 Calculated applying confidence
intervals on the single profiles

=7 Robust results due to the high
Source: DLR Institute of Vehicle Concepts (DLR-FK) significance level (99%)
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Load management potential of electric vehicles
~75% from the profiles suitable for EVs with the assumptions made
regarding charging infrastructure and vehicle characteristics
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Inventory of RES
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Modeling of conventional power plants

Variable costs of power generation [€/ MWh]

i DLR

Merit Order curve

Models electricity price price increases with
in a simplified way ... power demand

... for a given
generation or
demand level

Conventional power generation [GW]
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Power plant data

7 Considering present power plants
as well as those approved or in
approval process

Power generation costs
= Take into account:
=7 Year of construction
7 Year of decommissioning

> Development of fuel costs
and CO, certificate prices

Slide 7
Perspectives of electric vehicles > Luca de Tena > 09/11/2010




Modeling of conventional power plants

Merit Order curve

Natural gas

Hard coal power plants

plants

Brown coal

Variable costs of power generation [€/ MWh]

Conventional power generation [GW]
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Power plant data

7 Considering present power plants
as well as those approved or in
approval process

Power generation costs
= Take into account:
=7 Year of construction
7 Year of decommissioning

> Development of fuel costs
and CO, certificate costs
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Controlled loading of EVs with small wind variations
Exemplary results for 2030, 30% EVs (12 Million)
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Controlled loading of EVs with small wind variations
Exemplary results for 2030, 30% EVs (12 Million)
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Controlled loading of EVs with small wind variations
Exemplary results for 2030, 30% EVs (12 Million)
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Controlled loading of EVs with small wind variations
Exemplary results for 2030, 30% EVs (12 Million)
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Controlled loading of EVs with small wind variations
Exemplary results for 2030, 30% EVs (12 Million)

100

0
o
I

N B [=2]
(=] (=] o

Power generation and storage [GW]
[e=]

EVs & PS:
Valley filling

PS: Peak
shaving

-20 T T T T T

00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:00 18:00 [h]

Tag 1

Il Nuclear power
[T Combined Cycle

Tag 2

Il Brown Coal
[ Gas Turbine

I Other Renewable EMHydro Power

Photovoltaic
Il p. Storage Load

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV

in der Helmholtz-Gemeinschaft

Bl Pumped Storage
—Res. Load

Tag 3
Il Hard Coal
EECHP
El\Wind Power
[CIElectric Vehicles
—Load

Analysis of the residual load
7 Coverage depending on merit order
=7 Peak shaving with storage plants
=7 Valley filling with EVs and storage plants
=7 Get lower electricity prices
7 Increases generation from coal plants

> Causes higher CO, emissions
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Controlled loading of EVs with small wind variations
Exemplary results for 2030, 30% EVs (12 Million)
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Controlled loading of EVs with small wind variations
Exemplary results for 2030, 30% EVs (12 Million)
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Controlled loading of EVs with high wind generation
Exemplary results for 2030, 30% EVs (12 Million)
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Controlled loading of EVs with high wind generation
Exemplary results for 2030, 30% EVs (12 Million)
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Power plants' utilization for different loading strategies
Exemplary results for 2030, 30% EVs (12 Million)
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Residual Load: Power demand minus power generation from intermittent renewable energy sources (wind, solar and water power without storage)
(NEV: without electric vehicles, CL: EVs with controlled loading, UL: EVs with uncontrolled loading)
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Power plants' utilization for different loading strategies
Exemplary results for 2030, 30% EVs (12 Million)
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Residual Load: Power demand minus power generation from intermittent renewable energy sources (wind, solar and water power without storage)
(NEV: without electric vehicles, CL: EVs with controlled loading, UL: EVs with uncontrolled loading)
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Power plants' utilization for different loading strategies
Exemplary results for 2030, 30% EVs (12 Million)
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Power plants' utilization for different loading strategies
Exemplary results for 2030, 30% EVs (12 Million)
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Residual Load: Power demand minus power generation from intermittent renewable energy sources (wind, solar and water power)
(NEV: without electric vehicles, CL: EVs with controlled loading, UL: EVs with uncontrolled loading)
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Power plants' utilization for different loading strategies
Exemplary results for 2030, 30% EVs (12 Million)
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Summary

7 The analysis of the EVs' driving profiles show that:
=7 Some have to start the charging process around midnight
7 Battery requirements are the highest in the morning around 6 am
7 The battery level is lowest in the evening around 20 pm
7 Load management is most limited in the morning around 9 am

7 The results also show that a load management strategy for EVs presents many
advantages:

7 Lower generation capacity requirements if compared to uncontrolled load.
7 A better integration of intermittent renewable generation

7 A higher utilization of conventional power plants, what improves
economics, but also causes higher carbon dioxide emissions

7 Additional renewable generation capacities will have to be built for EVs to
achieve a sustainable and low carbon electromobility
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Thank you for your attention!

contact: diego.lucadetena@dlr.de

# Deutsches Zentrum
DLR fiir Luft- und Raumfahrt eV, Slide 24

in der Helmholtz-Gemeinschaft Perspectives of electric vehicles > Luca de Tena > 09/11/2010




Comparison of the CO, emissions of different vehicle
concepts
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Figure 5: Power market on October 4th 2009
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Inventory of potentials from renewable energy sources
Methodology for wind energy exemplary presented
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Fahrprofile - Agglomerationsraume
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