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Outline

• Driving factors for electromobility

• Competing drivetrain technologies

• Energy pathways

• Challenges and requirements for electric cars

• New business models and interaction with the power grid

• Design considerations for electric cars
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2 wheel-hub electric motors

Pmax = 2 x 7 PS

Prated = 2 x 2.5 PS (at 120 rpm)

44 cells for a 300 Ah battery with 80 V

vmax= 50 km/h

Range 50 km

Electric brake in the front,
mechanical band brake in the rear

Total weight 980 kg

Battery weight 410 kg

1 front wheel 115 kg

Approx.  300 vehicles sold

First Electric Car by Ferdinand Porsche
presented April 14th 1900 at the World Exhibition in Paris

Lohner-Porsche
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1970

1990 2000

Golf ElectricGolf ElectricGolf ElectricGolf Electric

Bora ElectricBora ElectricBora ElectricBora Electric

Golf I ElectricGolf I ElectricGolf I ElectricGolf I Electric

Typ2 City TaxiTyp2 City TaxiTyp2 City TaxiTyp2 City Taxi

Golf I HybridGolf I HybridGolf I HybridGolf I Hybrid

Audi DuoAudi DuoAudi DuoAudi Duo

Bora SUVA HybridBora SUVA HybridBora SUVA HybridBora SUVA Hybrid

Touran TSI HybridTouran TSI HybridTouran TSI HybridTouran TSI Hybrid

vehicles on marketvehicles on marketvehicles on marketvehicles on market

20102009

Golf II HybridGolf II HybridGolf II HybridGolf II Hybrid

Golf IIIGolf IIIGolf IIIGolf III
CitySTROMerCitySTROMerCitySTROMerCitySTROMer

2011

Chico HybridChico HybridChico HybridChico Hybrid

Golf III HybridGolf III HybridGolf III HybridGolf III Hybrid
TDI HybridTDI HybridTDI HybridTDI Hybrid L1L1L1L1

XL1XL1XL1XL1

Typ2  ElectricTyp2  ElectricTyp2  ElectricTyp2  Electric

1980

T3 ElectricT3 ElectricT3 ElectricT3 Electric

Golf II CitySTROMerGolf II CitySTROMerGolf II CitySTROMerGolf II CitySTROMer

Jetta CitySTROMerJetta CitySTROMerJetta CitySTROMerJetta CitySTROMer

Space up! blueSpace up! blueSpace up! blueSpace up! blue

EEEE----UP!UP!UP!UP!

Electro VanElectro VanElectro VanElectro Van

Golf blueGolf blueGolf blueGolf blue----eeee----motionmotionmotionmotion

Milano TaxiMilano TaxiMilano TaxiMilano Taxi
Berlin TaxiBerlin TaxiBerlin TaxiBerlin Taxi

1980

Touareg HybridTouareg HybridTouareg HybridTouareg Hybrid

Volkswagen History in Hybrid and Electric Vehicle Development
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It´s Time for Electrification….

Climate Change – Emissions 

Urbanization and Megacities

Shortage of Fossil Fuels
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Global Oil Production - Forecast

Global oil production reaches 96 mb/d in 2035 (including natural gas liquids & unconventional oil)

World oil production by type in the New Policies Scenario
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Source IEA 2010
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Impact of Availability on Price  

Source:

forecast

oil production

price

gap

oil price

price

demand IEA RS

current

conv. oil produc.

conventional 
oil production

unconv. oil 
+ synthetic oil

oil market
(IEA)



Group Research 88

Environmental Impact 

Sacramento

Bangkok
… everywhere !!!

Dhaka

Los Angeles

Air pollution & noise 
have an impact on everyone …
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Drastic steps are required to limit global warming…

Emissions and 
their origins

2005 2050 [Year]

[CO2]

13,1 t

22,2 t

4,8 t

Greenhouse gas emission

per person1)

-95 %

-97 %

-85 %

Germany USA China

Limit global warming 
to 2 degrees Celsius 
by 2050 2)

1) Source: IPCC Fourth Assessment Report: Climate Change 2007, provided in part by McKinsey & Company
2) Political declaration of intent, e.g. by the EU and the G8+5 countries, part of the Copenhagen Accord 2009

Figures in 2005

Target for 2050
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The CO2 Emission Challenge

Increased efficiencyIncreased efficiency

BiofuelsBiofuels

New technologiesNew technologies
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TDI®,TSI® / TFSI® and DSG®:
basic building blocks of Volkswagen´s drivetrain strategy

11
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A modular vehicle architecture supports a variety of today's and future 
drivetrains

Conventional drivetrains Alternative drivetrains

Gasoline engines
− TSI

− CNG 

− LPG

− E85

Hybrid
− µ-Hybrid

− Mild-Hybrid

− Full-Hybrid

− Plug In-Hybrid

Diesel engines
− TDI

− CleanDiesel

− Bi-TDI

Electricity
− TwinDrive (Plug In-Hybrid)

− BEV (Battery Vehicle)

Transmission
− DSG

− manual gearbox

− emerging Markets

Fuel Cell
− LT-PEM
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.       

The new 1.6l TDI engine 
from Volkswagen

Vehicle results 
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Permanent operation of compressor

Dynamic switching-on of compressor

Charging area of turbocharger

Speed [rpm]
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when operated as naturally aspirated engine

Monoturbo 90 kW
Twincharger 103 / 110 / 118 / 125 kW

New generation of fuel efficient engines: the 1.4l TSI engine
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Reference vehicle VW Golf

Energy efficiency of different drivetrain/fuel combinations 
(until 2020)
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176 models ≤ 140 g CO2/km

Consumption-optimized models in the Volkswagen Group

176 models

≤ 140 g CO2/km

60 models

≤ 120 g CO2/km

5 models

≤ 100 g CO2/km
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Conventional power train technologies do not suffice for the radical 
target „Limitation of a global warming to 2°C until year 2050“ 

MultiFuel

CNG

…

LPG

ELECTRIC 
DRIVE

Plug-In-Hybrid

Battery vehicle

GREEN ELECTRICITY

Range Extender

TARGET

OPTIMISED CONV.         
POWER TRAIN

ALTERNATIVE 
FUELS

HYBRIDS

Mild hybrid

Full hybrid

Rolling resistance

Start-stopp

[Technologies and energy sources]

Regenerative braking

[C
O

2
e
m

is
s
io

n
s
 f

le
e
ts

]

today

Fleet consumption Germany
[CO2/km]

year 2050 ���� 20 g*

*Derived from the political target (Europe, G8 states) not to exceed  global warming by more than 2 °C until the year 2050!

Reduction CO2 emissions until 2050 by approx. 94 %

Source: EL
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20 g CO2 / km: it can be done!

XL1 PHEV:

� 0.9 l / 100 km

� Engine:

- 800 ccm TDI
- 35 kW
- 120 Nm

� Electric motor:

- 20 kW
- 100 Nm

� Transmission:

- 7-gear-DSG
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Alternative/renewable sources for 
fuel and energy production

Shaping the future of automotive drivetrains… 

Increasing efficiency
of powertrain, vehicle and energy 
supply chain

Pathways to CO2 neutral driving
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Energy Pathways - Overview

SourceSource Energy CarrierEnergy Carrier

FuelsFuels

BtLBtL

CtLCtL

GtLGtL

FossilFossil

UraniumUranium

PowertrainPowertrain

Fuel cell/
electric motor

Fuel cell/
electric motor

Battery/
electric motor

Battery/
electric motor

Conventional

Powertrain
(ICE)

Conventional

Powertrain
(ICE)

Gasoline/DieselGasoline/Diesel

Natural gasNatural gas

Crude oilCrude oil

CoalCoal

Electric
power

Electric
power

RenewableRenewable

WindWind

WaterWater

SolarSolar

GeothermalGeothermal

H2H2

Bio massBio mass BiogasBiogas
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The challenge of limited range…

Battery vehicle

150 km range

Charging

Conventional 
vehicle

Filling up

1,447 km range (Golf TDI BlueMotion)
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BoostingBoostingBoostingBoosting

Internal combustion engineInternal combustion engineInternal combustion engineInternal combustion engine
Power Power Power Power 

generatorgeneratorgeneratorgenerator

Electric motorElectric motorElectric motorElectric motor

Micro hybrid/
Start- stopp

Mild hybrid Full hybrid
Plug-in 
hybrid

Range 
extender

++

+
++

+ +

Battery vehicle Fuell cell 1)

++++++++

H2 +
++

+

Battery

range
2 km

20 - 80 km

50 - 120 km

80 - 200 km

400 - 600 km

Different levels of electrification 

1) after 2020
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Cost comparison between different technologies

TechnologyConv. veh. incl. 
Micro hybrid/

Start-stop

Full hybrid
(HEV)

+

Plug-Ii hybrid
(PHEV)

+ +

Battery electric vehicle
(BEV)

+

100 %

20 %

50 %

80 %

Cost of powertrain and 
battery system
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Vehicle parameters on fuel consumption 
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Electric consumer
1 A ~ 0.34 g CO2/km

Weight
100 kg ~ 8.4 g CO2/km

Air resistance 
(~ cw

. A)
0.1 m² ~ 3.4 g CO2/km

Mechanical power demand
1 kW ~ 16 g CO2/km

Rolling resistance

1 0/00 ~ 1.9 g CO2/km

Electric 
consumer

Weight

Air 
resistance

Electric power 
demand (HV)

Rolling 

resistance
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 *

* Relative impact compared to conventional power train
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Impact of lightweight design on range (∆∆∆∆m = -100kg)

Conventional Otto
(Golf VI 1.4 TSI)

Electric vehicle
(VW360e)*

Primary energy
500 kWh

(= 55l fuel tank)
21 kWh

(useable)

Range in the NEDC~ 870 km ~ 150 km

Specific consumption
(NEDC) 

~ 575 Wh/km ~ 140 Wh/km

Relative increase
of range

+ 2.4 % + 3.6 %
*Assuming 85% 
regenerative braking

Reduced power demand
for ∆∆∆∆ mFzg = - 100 kg

Source: K-EF
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2008    2012 20172008    2012 2017

|Evolutionary development|

|Technology leap|

Limit of Lithium-Ion-
technology

| Technological vision|

R
a

n
g

e

*energy density based on battery cell

120 Wh/kg*

600 W/kg

170 Wh/kg*

800 W/kg

200 Wh/kg*

1000 W/kg 

1500 Wh/kg*

1000 W/kg

400-600 Wh/kg*

1000 W/kg

|Technology change|

Requirements on Future Electrical Energy Storage
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Li-Ion

Comparison of Energy Densities
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Comparison of Energy Densities

10
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(CNG)
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30

H2 700bar
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Today Electromobility … 

… and ideal for commuters

120km

60km30km

Important for urban agglomerations…
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twinDRIVE: Plug-in hybrid concept
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Requirements on Electrical Energy Storage Devices

Energy

PowerLifetime

Cost Safety
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Various new fields of business for E-Mobility

Classic

Vehicle Business
New Business Areas

Multiple Use 
Battery

Residual 
Value Mgmt.

Battery
Financing

Energy Supply

Energy Sales

Wall box

Mobility 
Concepts

Mobility Card

1) Economic implementation of battery management in current technical concept of E-Golf and e-Up! tbd.

Used Vehicle 
Management

Vehicle to 
Grid

Mobile 
Applications

Vehicle

After Sales

Leasing / 
Financing

Battery
Management1)

Energy

Infrastructure

Mobile 
ServicesLeasing

Contract
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Battery Electric Vehicle Service provider

The Battery Electric Vehicle in the networked world

Energy management
• Range indicator and charge level display
• Air-con. from the socket before starting a trip

Navigational services
• Display of vacant recharging bays

Location surveillance
• For car-sharing applications

Mobile Services for BEV Drivers



Group Research 3434

The many elements of electromobility

Innovation

Mobility Concepts

Electric Power Supply

Mobility Control

Infrastructure

Electricity

Battery Management

E-Vehicle
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The well-to-wheel comparison 

Well-to-wheel CO2 emissions Golf TDI BlueMotion

Well-to-wheel CO2 emissions for a Golf 
BEV* with electricity generated from:

Fuel mix

Diesel 111 g

Brown coal

Black coal

Heating oil

188 g

171 g

145 g

Natural gas 98 g

Nuclear6 g

Green electricity (here: wind energy)1 g

Fuel mix EU 2007

Fuel mix EU 2020 71 g

88 g

Fuel mix China 2007 179 g

CO2 emissions/km

Coal

Oil

Gas

Nuclear

Hydro

Wind

Other renewable sources

3 %
4 %

31 %

3 %

22 %

28 %

9 %

1 % 1 % 2 %

<1 %

<1 %

EU 2007

China 2007

15 %

81 %

1)

* Fuel consumption: 15,7 kWh/100 km (NEFZ)

1) Tank-to-Wheel = 99 g
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Potential of green electricity

Source: „Energy Technology Perspectives“ IEA 2010

Marine

Water

Geothermal

Biomass/wastel

Solar

Wind

Nuclear

Natural gas

Oil and coal

2010 20302020

20.000

10.000

30.000

0

2010 20302020

100 %

50 %

10 %

20 %

30 %

40 %

60 %

70 %

80 %

90 %

0 %

(BLUE Map scenario) TWh/a

Gross power generation Share of regenerative power

Hypothetical energy 
demand if all 
passenger cars had 
electric drive

Electric vehicle 
energy demand in the 
optimistic  BLUE Map 
scenario
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Forecast on the use of renewable energy sources used for 
generating electricity

0 %

20 %

40 %

60 %

80 %

100 %

2009 2020 2030 2040 2050

Nuclear

Coal

Natural gas

Renewables

There is a clear tendency towards renewable energy sources

Source: Lichtblick AG
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Electricity Demand for EVs (electric vehicles)

Germany

• Disproportionate increase of renewable energy (wind energy) in Germany

• Energy demand can be easily met by wind energy without impact on other consumers

• Lower availability of renewable energy demands facilities with increased power or grid stabilizing 

technology (pumped-storage hydroelectricity, load management)

EU 27 World

2008
Electricity demand: 615 TWh
Met by wind energy: 40 TWh

2020
Electricity demand: 615 TWh
Estimated energy: 150 TWh

Electricity demand for EVs:

1 Mio EV** 2 TWh
= 0,3 % (from total demand)
= 1,3 % (from total wind energy)

2008
Electricity demand: 3.381 TWh
Met by wind energy:  142 TWh

2020
Electricity demand: 3.587 TWh
Estimated energy: 477TWh

electricity demand for EVs:

2,7 Mio EV** 5,4 TWh
= 0,15 % (from total demand)
=  1,1   %  (from total wind energy)

2008
Electricity demand: 19.800 TWh
Met by wind energy: 260 TWh

2020
Electricity demand: 27.200 TWh
estimated wind energy: 1.640TWh

electricity demand for EVs: 

7 Mio EV**  14 TWh
= 0,05% (from total demand)
=  1,4  % (from total wind energy)

* Source: Bundesverband Windenergie, Bundes-

ministerium für Umwelt, Deutsche Energie Agentur

** Bundesregierung, 10,000 km, 20kWh/100 km

* Source: European Eind Energy Association, 

International Energy Agency

** EUCAR, 10,000 km, 20kWh/100 km

* Source: World Wind Energy Association , 

International Energy Agency

** IEA, 10,000 km, 20kWh/100 km



Ideengenerierung Machbarkeit Einführung

The electric vehicle as part of the electricity market

Batteries are able to store and 
provide electricity on a short-
term basis, they can thus be 
used for energy management

Demand

Generation
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Challenges on infrastructure
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Insufficient power grid infrastructure

Private:

1-phase power grid (~110 V)

Commercial: 

3-phase power grid (~480 V)

Private and commercial:

3-phase power grid

(~400 V)

Private:

3-phase power grid (~400 V), not 

available everywhere (particularly in 

southern Europe and Latin America)
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Major drivers for governments to promote electromobility

Climate and environmental targets

Safeguarding jobs and competitiveness

Setting up competitive automotive industry focusing on alternative 
drive technology

National industrial policy

National OEMs aiming to increase leading edge in technology
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Volkswagen Golf 
Battery Electric Vehicle

solar roof

power electronics

transmission + electric motor

battery management system

high-voltage electric cables

battery packs
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Lithium-ion battery: : : : 

324 V  /  2 x 41 Ah

26.5 kWh

180 cells

Weight: 315 kg
Li-Ion cells

HV relay

Climatisation

BMS

Seat box

Service plug

Trunk box

Cell controller

Volkswagen Golf 
Battery
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Integrating the battery into the vehicle
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High-voltage lines

Electric brake booster

Air 
conditioning system

Heating

Power electronics Electric motor and 
transmission

Traction battery and 
battery management

Infotainment

Remote-control / mobile services

There is more to an electric vehicle than just a battery        
and an electric motor
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A modular approach to battery system design…
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Market integration phases of electromobility

Demonstration Mass marketSeries entry
I II III

Phases
e-mobility

++

+

Conversion design
(combustion derivate)

Purpose design
(new concept)

today 2013 2018 20XX

Source: PMS-E
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Battery technology development

Evolution
Technology 

leap
Technology 

change
Technological 

vision

2010 2012           2017     > 2020 > 2030

Metal-air 1500 Wh/kg

400-600 Wh/kg

Lithium-ion 200 Wh/kg

170 Wh/kg

60-80 Wh/kgNickel-metal hydrid

E-Drive

E-Drive
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f 
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ry

Lead-acid 35-40 Wh/kg

Conv.    
vehicle

Micro  
hybrid

Mild 
hybrid

Full 
hybrid

Plug-in 
hybrid

Battery vehicle

120 Wh/kg
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20-80 km
E-Drive 2 km

Boost
Regenerative braking

Start Start-stopp

Source: EL
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Volkswagen‘s roadmap of electric and hybrid vehicles

2010                          2011                          2012                          2013                    2014 / 2015

VW Up! blue-e-motionAudi R8 e-tron

Porsche Panamera 
S hybrid Porsche 918 Spyder

VW Passat

Hybrids

Battery vehicles

VW JettaVW Touareg

Porsche Cayenne S

Audi Q5 VW XL1

Audi A4

Audi Q7

VW Golf blue-e-motion

»Other brands

Audi A6

Audi A8

VW Caddy blue-e-motionSome of the images show predecessor models or conventional vehicles.
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Thank you for your attention…


