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Hydrogen and Fuel Cell Workshop.
Vienna, 31.03. — 1.04.2004.

Hydrogen Fuelled Cars — The Way of BMW
Toward a Sustainable Mobility.

Dr. Rolf Stromberger @
BMW Group =@
cencreny  Agenda.
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Motivation: The Way From Carbon to Hydrogen.

H, Fuelled Cars: On the Way to Serial Production.

Initiatives, Challenges: Demonstration Projects are Needed.
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Short-_and mid-term Targets:
Reduction of fuel consumption

Gasoline: e.g. VALVETRONIC
Diesel: e.g. Common-Rail 2. Generation

BMW Energy Strategy.
Short-Term and Long-Term Solutions.

Reduction of greenhouse gas emissions, preserve the finite fossil fuels,

Long-term Targets :
Development of competitive and
sustainable products:

e.g. Hydrogen Vehicles

aweney,  Well-to-Wheel Comparison of Fuels.
CO,-Emissions of ICE's.
J# R s2p
593 || Hz from Natural Gas & Electric
c,5 | Power Mix: I TANK-TO-WHEEL
More CO,-Emissions than Petrol WELL-TO-TANK
553
533 | H,from Natrual Gas & , Green*®
Efectric Power:
4;3 | Similiar CO,-Emissions
493
473
453
H, from Renewable
433 Energy:
i3 Significant CO,-Reduction
93
73
53
3

Petrol Diesel CNG LH; ICE

(Natural Gas)

LH, ICE
(Wind offshore)

Source: Transport Energy Strategy
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Liguid Hydrogen LH,: Costs and CO, Emissions.
Comparison of Production Options.

CO,-Emissions

(g/kWh)

400

300

200

100

| [l Petrol [l Petrol
excl. tax incl. tax
- .LH2 -Mix: . 50% natural gas
50% renewable energy
LH, from renewable
energy: 8%
Hydropower Biomass wind Sofar-
energy

T T
0 5 10 15 20 25
LH,: Liquid Hydrogen costs (€ Cent/kWh)

Source: Transport Energy Strategy
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e, CleanEnergy.
6 Generations of BMW Hydrogen Vehicles.

> 100.000 miles driven in hydrogen
operation mode in 2001/2002

cercrey  F dndgHghug |1
Paoe® Udgrjudski |gurjhqgo: 1

Auxiliary-Power-Unit

(fuel cell)
Dual fuelled combustion engine

suitable for petrol
and hydrogen

H,-tanksystem: liquified
hydrogen tank

Petrol tank system:
plastic tank
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BMW CleanEnergy.

Cryogenic carburation
(~—=200 °C)

High-pressure DI
(~ 200 bar)

BMW Group
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Specific Torque [Nm/dm?]

Hydrogen Powertrain.

Future turbo

e \‘

Petrol-
turbo engine

Diesel-
turbo engine

Naturally aspirated
diesel engine

pr

Naturally aspirated
H, engine

T T

petrol engine

-

~

a
ul L

Naturally aspirated

Vision H,-DI-
turbo engine

Target for
H,-DI engine

Specific power [kwW/dm?]




cercr,  AUXIliary Power Unit (APU).
e Integrated H,Fuel Cell as APU.

~Unlimited" supply of electricity
independent of engine operation

* New comfort feature:
Air conditioning during standstill

Efficient energy supply:
Protection of rising energy
demand

Further system advantages:

Discharge of engine through
auxiliary aggregates
Utilisation of H, Boil-Offs

crceey  Different Hydrogen Propulsion Systems.
Common Infrastructure Requirements.

Internal Combustion Engine ICE:
+ Power/weight & power/volume ratic

Both drive train concepts
clude specific advantages and further
+ Cost-efficient production development potential. The entry into a

+ Proven durability “hydrogen world” requires both:
- setting up activities of the petroleum
-y industry and extensive choice of

automobiles

Fuel Cell & E-Motor:
+ High starting torque
+ Zero Emission Vehicle

+ Wide-spread public )
acceptance for urban traffic?
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, IHIG

— Strategy for commercialisation

— Automobile- +Petroleum-industry
+ DoE

FreedomCAR/FreedomFUEL
— Technology development/
H,-infrastructure development
— Automobile industry + DoE

Fleet-Operator/ Prototypes
— SunLine: FC-busses
— Las Vegas: FC-busses (planed)
— Washington: station-GM/Shell (pl.) 3
— Honda, Toyota: stat. in Torrance
—BMW: TS in Oxnard a
— Ford: TS in Michigan + Arizona

DoE-Validation Project
— Field test since 2003/2004
— Automobile- + Energy-industry +
DoE

CaFC-Partnership
— Field test since 2001 (FCV)
— H,-station in Sacramento
and Richmond — furthers are
planed

EPA/DC/UPS (Michigan)
— UPS delivery service
— FCV: Sprinter + A-class
— At the end of 2003 planned

IPHE

— H,-Roadmap for USA, EU, D, China ...

— Automobile industry + government

5
" CEP

— Field test since 2003 (FCV+ICE)
— 1 H,-station in Berlin

%

Hydrogen Activities Worldwide.
Hot Spots in USA, Europe and Japan.

— TES
— Strategy for commercialisation
— Automobile- & petroleum-
industry

H,-Project Airport Munich
— Busses + BMW with ICE
1 tation in Munich

HyNet
= Thematically network for H,
— Automobile- + energy-industry +
EU

Lighthouse (EU)
- projects with public awareness
4 — European Comm. + industry

EIHP/ HarmonHy
egislation+ standards
— Automobile industry + EU

CUTE & ECTOS & STEP
— Field tests since 2003 (FCV-busses)
— 11 stations in Europe+Perth
— E. g. Hy-project in Hamburg

EU H, & FC Tech. Platform

— EU-H,-Strategy + Coordination
— EU Comm. + industry + R&D

JHFC
— Field tests since 2002 (FCV)
— 5 station near Tokyo

NEDO

SINERGY (Singapore)
— Alternative energy technologies
—H, project BP/DC

China

— H,-Roadmap (USA/China)
—projects (context of Joint Venture)
— Industry + government

— Strategy H,-energy-economic
— FCV-demonstration + station
—E.g. WE-NET & succeeding




s Hydrogen Activity.
7= From the Wish to the Reality.

Hydrogen-vehicle-technology

Development in direction to series capability!

< Improvement of efficiency (ICE and fuel cell)

« International standards (H,-storage, tank coupling,
security, ...)

Hydrogen generation Hydrogen infrastructure

Higher h,lower investment-costs! Only together with petroleum economy!

* Improvement of efficieny « International consensus: H, as
(electro!y5|s, Il'quefactlon) as future fuel

) !ntegratlon rellablle components « Concept for financing the set up of the b
in the H,-generation chain asicH,-infrastructure

* Strategy for a Hy-primary energy mix (,cO , cjear political general framework
sts versus emissions")

cncery  CleanEnergy Cycle.
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Use of hydrogen and related
technology

Distribution and
filling

Generation of hydrogen from unlimited and
renewable sources




