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Fraunhofer ISI is actively researching the field of e-mobility 
with focus on system analysis
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E-Mobility is seen as a key lever for efficiency, reduced 
emissions, and renewable integration in transport

Key Levers for E-Mobility

 EVs are the most efficient propulsion technology
 Centralization of energy conversion

Efficiency
Increase

 Reduction of CO2-emissions in transportReduction of CO2 emissions in transport
 Avoidance of further local emissions such as noise or 

particulate matter

Emission
Reductions

 Shift from oil towards other energy sources
 EV battery storage capacity is an important lever for the 

built-up of further intermittent renewable capacities

Renewable
Integration p p
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EVs are the most efficient propulsion technology and can 
help to reduce CO2-emissions in transport

Efficiency and Emissions of Different Propulsion Technologies
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Note: BEV: Battery Electric Vehicle; RME: Raps-Methyl-Ester
Source: Own calculations and LBST
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With the built-out of wind in the next years, additional 
storage capacity is needed

2010 2030

Price Variations in Different Wind Built-Out Scenarios

2010 2030

 Higher wind generation share Share of wind generation relatively low
 Multiple hours where the renewable load 

exceeds the system load
 Prices more volatile between 0-150 €/MWh

 Here, renewable load never exceeds the 
system load

 Prices between 20-80 €/MWh
 Some extreme peaks occur when peakSome extreme peaks occur when peak 

demand is combined with weak wind hours
Source: Power ACE Simulation
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EVs are a part of the solution, but other measures still 
needed - V2G usage economically questionable

Storage Capacity - 2030

 In the Fraunhofer ISI 
Load Shifting Potential

(neg. balancing energy) 6 GWh -71%
„dominance“ scenario 
25% (1 mio.) EV share 
by 2030

 EVs just part of the
13 GWhV2G/ Feed-in

(pos. balancing energy) -37%
 EVs just part of the 

solution, other 
measures still needed: 
– Better transmission

Oth t

Wind Generation

8 GWhPump Storage Plant
(e.g. Goldisthal) -58% – Other storage cap.

– Flexible power 
plants

 Load shifting

Considered
Area

Number of Vehicles
500 00010,000

Wind Generation
(1 hour) 20 GWh Load shifting 

economically viable

 Positive balancing 
energy questionable
d t b tt l lif

Source: Own calculations

Area

NUTS 3
500,000
1,000,000

,
50,000
100,000

due to battery cycle life 
implications
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Today, electric vehicles are far more expensive than ICEs -
future cost reductions expected
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Cost Parity: EVs vs. ICEs Main Sensitivities
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almost $300/kWh

 Energy costs - question 
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 Taxation and support 
schemes - today EVs 
profit from less taxes on 
power than on fuel same

-17.000
BEV
City-BEV
PHEV

power than on fuel, same 
taxation would defer cost 
parity by 5-10 years

 Additional revenue - e.g. 
20302025202020152010 from V2G services

Note: HEV: Hybrid-Electric Vehicles, PHEV: Plug-in Hybrids, BEV: Battery Electric Vehicle
Source: Own calculations
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In the beginning, electric vehicles will mainly target a niche 
market

Selection of Propulsion Technology - 2015
(in relation to mileage and share of city traffic)
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Depending on future market penetration, charging 
infrastructure has to provide additional functionalities

Charging Innovators´ Niche Market Market

Grid Integration with Increasing Market Penetration

TimeCharging 
Infrastructure

Innovators
Market (e.g. commuters, 

business clients)

Market
Penetration Mass Market

Grid IntegrationGrid Integration

Infrastructure
• Norms and 

standards
• Expansion of semi 

public charging 
• Widespread private 

and public charging • Expansion of high 
power charging

Control • Time of use rates • Bi-directional • Demand Side 
Management

Infrastructure • Mainly private 
infrastructure

infrastructure
• Smart Metering

infrastructure
• Smart Grids

power charging 
concepts

Control • Time-of-use rates connectionManagement 
(Dynamic rates)

System Services
• Load shift and 

active load leveling • Load shift (negative 
supply of balancingSystem Services g

(positive & negative 
balancing power)

supply of balancing 
power)
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Separate charging points or switching stations will be 
hardly economic

Vehicles per Infrastructure 
C t

Profit Margin AmortisationCharging Costs per 
/ /

Profitability of Different Charging Infrastructure Concepts
FIRST ESTIMATE

Charging Point
(in pieces)

Costs per 
Vehicle (in €)

per Vehicle
(at 5%, in €/a)

Amortisation 
Period (in years)

Charging 
Infrastructure Charging Point 

(€, w/o replacement)

1 8-16 years100-200 €Private 
Connection 100-200 €

/ = / =

12 €
(Total: 240 €6))

1-2 50-200 €
4-16 years

(possibly free of 
charge)

124) 170 670 € 14 55

Semi-private 
Connection

Public 

100-200 €

2 000 8 000 €1) 124) 170-670 € 14-55 years

2,7505) ~800 € 67 years8)

Charging Point

Battery 
Switching 

Station

2,000-8,000 €1)

~750,000 €2)

+ 1,450,000 €
batteries3)

Conventional
Filling Station 2,7505) ~272 €

39 €
(Total: 780 €7))

7 years
(not including 

shops)
~750,000 €2)

Note: Vehicle consumption 12 kWh/100km, annual mileage 10,000 km; (1) Costs should be estimated as being at the higher end of the range because of 
protection against vandalism etc ; (2) Costs of an average conventional filling station according to experts; (3) Approx 700 cars arrive every day spreadprotection against vandalism etc.; (2) Costs of an average conventional filling station according to experts; (3) Approx. 700 cars arrive every day spread 
evenly across 12 h (see also (5)), i.e. ~180 batteries have to be charged at the same time, a battery costs approx. 8,000 €, equivalent to ~1,450,000 €;
(4) Max. 3 charges per day due to longer standing time, vehicles have to be charged every 4 days, i.e. 12 vehicles can be charged at charging points;
(5) 14,500 filling stations in Germany to about 40 million vehicles; (6) Sale price of 0.20 €/kWh at a total consumption of 1,200 kWh; (7) Gasoline price of 
1.30 €/l at a consumption of 6 l/100km; (8) Esp. replacement of battery would greatly extend amortization period
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In summary…

 E-Mobility is one of the kex technologies to make transport more sustainable by y g p y
– Improving efficiency ratios
– Reducing overall emissions
– Diversifying energy sources from oil towards renewable energies

 EVs help to integrate renewables, but other measures need still to be followed

 For a mass market application, however, EVs need to overcome today’s deficiencies
– High battery costs for stacks with high energy content and manageable weightg y g gy g g
– Short battery cycle life/ lifetime
– Long charging times

 Today, EVs mainly target niche markets, e.g. city-BEVs or electric scootersoday, s a y ta get c e a ets, e g c ty s o e ect c scoote s

 Step-wise integration of e-mobility in the electricity infrastructure
– Private connections and charging points are economically more attractive than public charging 

points or even switching stations and reach large initial customer segmentsg g g
– A question remains: Which kind of infrastructure is best to support market penetration?
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Thank you for your attention…

…please feel free to reach out to me for questions!
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Market penetration scenarios for e-mobility are probably to 
bullish

Market Penetration
APPENDIX

EV stock forecasts for 2020 in 
Germany

Market share of 
new cars in 
Germany

Germany
 Federal government: 1 mio.
 A.T.Kearney: 0-5 mio.
 Fraunhofer ISI: 0.4-1.8 mio.

Si 4 5 i
25%

20%
Start of
first pilot 
projects

Announcement 
of automakers 
to launch their

 Siemens: 4.5 mio.

10%

15%

Deutsche
Bank

projects to launch their 
first models in 
2012

2008 2012 2020

5%

2015

Bank

2008 2012 20202015
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Separate charging points will be hardly economic

 High costs for charging stations (w/o grid connection) 

Details: Charging Points
APPENDIX

g g g ( g )
 Investments of 1,000-7,000 € and maintenance of

150 € annually
 Charging stations at home with investment costs of

50 350 €50-350 €
 Low revenue levels

– Annually approx. 1,200 € - based on 2-3 hours 
charging time and three charges per day

Charging Point, Project Better Place
– Realization of tailored business models
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Switching stations will be hardly economic

 Advantages

Details: Switching Station
APPENDIX

g
– „Gas station“ concept stays in place
– Quick „charges“ possible
– Easier grid integration possible, e.g. to enable load 

b l ibalancing
 Disadvantages

– High capital intensity due to additional batteries
(roughly 1,4 per vehicle)( g y , p )

– Standard battery packs jeopardizes the automakers 
agenda, e.g.
• Loss of value creation

Id tifi ti d i i d i

Battery Switching, Project Better Place

• Identification over driving power and uniqueness
• Curtailing the design of different vehicles

– Battery production is the bottleneck
– Switching machines/ tools are costlySwitching machines/ tools are costly
– Safety issues at high voltage

Page 15


