RRRRRRRRRRRRRRRRRRRR

Assessment of Market Penetration Potential of
Hydrogen Fuel Cell Vehicles
- A Study Using an Optimization Model

Daniel A. Krzyzanowski, Socrates Kypreos, Leonardo Barreto
Energy Economics Group, Paul Scherrer Institute, Villigen Switzerland

CORS/Optimization Days 2006, ,Energy and Environmental issues*




PAUL SCHERRER INSTITUT

ﬁ[b IOverview ISetup Tools Sensitivity Results Conclusions

Overview

Setup of the issue — the transportation sector
Tools

Sensitivity analysis

Results

Conclusions

20f10



PAUL SCHERRER INSTITUT

ﬁg[b Overview Tools Sensitivity Results Conclusions

Setup

The technology

U. S. First Purchaser's Crude Gil Price

Qil prices

Security of oil supply

$BBL
= 3 B

Environmental burdes

Expensive, relies on oil supplies and polluts.

s there another way? s . ......

5oz Enargy e

30f 10



PAUL SCHERRER INSTITUT

ﬁ[b Overview SetupSensitivity Results Conclusions

Tools

Stand alone

Western F

Europe and
Pacific OECD
(OOECD)

ie
Eastern Europe Ny \:;vi/,,’
(EEFSU) @.@ £
Renewables %
(S—
Natural gas. A
S——r Road delivery 3

Biomass —r——
S —

Coal
"~ Nuclear

FINAL
) [ RaNsMIssION ) »( pIsTRIBUTION ) >

1 region
« 2000-2100

Pipeline delivery

« only personal vehicles

Full scale

| oo | SR e

Westem P ]
Europe and -
Pacific OECD ¢ @i

tooecy J—ulll— L | SR

* 5regions

= § é} ‘ =l T
- 3% o Centrall — = e )
[ ] 2000 2050 e ( .\ [ - - Plasariaz‘jééa, m
b2 "

sia
(ASIA)

=l TN

4 0f 10



PAUL SCHERRER INSTITUT

%[b Overview Setup Toolsl IResuIts Conclusions

Sensitivity analysis

Parameter Steady state Variable
Price of fuel cells 600 US$/kW 200...1000 US$/kW
Learning rate 15% 2...20%
Initial number of vehicles 75,000 75,000...500,000 vehicles
Trend in oil price +2.5% /decade -8% ... +7%/decade
Discount rates (fuel cells) 5% 2%...5%
Discount rates (H, infrastructure) 5% 2%...5%
External costs — CO, - 15...250 US$/ton CO,
External costs — NOx - 1,000...10,000 US$/ton NOx
External costs — SOx - 1,000...10,000 US$/ton SOx
Demonstration vehicles - 12,500...150,000 vehicles
Cash-back promotions - 10...100 US$/kW
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Results(1): Fuel cell price vs. Learning rate

O GMM base case
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Results(2): Fuel cell price vs. Oil price trends

O GMM base case
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Results(3): Demonstration projects
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Conclusions

Key factors:

Price of fuel cells

Learning rates

Demonstration projects could act as a stimulating policy instruments

Full fledge infrastructure in long run

Factors of lesser importance:
Qil price trends
Environmental policies (CO,, NOx, SOx)

Infrastructure development
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