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Disclaimer and Government License

This work has been authored by Midwest Research Institute (MRI) under Contract No. DE-AC36-99G010337 with the U.S.
Department of Energy (the “DOE”). The United States Government (the “Government”) retains and the publisher, by accepting
the work for publication, acknowledges that the Government retains a non-exclusive, paid-up, irrevocable, worldwide license to
publish or reproduce the published form of this work, or allow others to do so, for Government purposes.

Neither MRI, the DOE, the Government, nor any other agency thereof, nor any of their employees, makes any warranty, express
or implied, or assumes any liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe any privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not constitute or
imply its endorsement, recommendation, or favoring by the Government or any agency thereof. The views and opinions of the

authors and/or presenters expressed herein do not necessarily state or reflect those of MRI, the DOE, the Government, or any
agency thereof.
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Outline

* Project Overview
— Objectives & key targets
— Teams & plans

« Data Analysis
— Data collection
— Sample data analyses

 Conclusions

No confidential or proprietary data is
contained in this presentation
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Project Objectives and Targets

* Objectives
— Validate “System” Solutions for H, Transportation
— ldentify Status of Technology
— Re-Focus Research and Development
— Support Industry Commercialization Decision by 2015

Key Targets

Performance Measure 2009* 2015**

Fuel Cell Stack Durability | 2000 hours | 5000 hours

Vehicle Range 250+ miles | 300+ miles

$3.00/gge $1.50/gge

Hydrogen Cost at Station

* To verify progress toward 2015 targets
** Subsequent projects to validate 2015 target

Hydrogen and gasoline station, WA DC
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Successful Teams Announced
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Team Overview — ChevronTexaco

e N
ChevronTexaco

@& HYUNDAI

* UTC Fuel Cells

J

Conterminous US - Proposed Hydrogen Fueling Stations
ChevronTexaco and Hyundai

Hydrogen Fueling Stations
Proposed Slations

e 32 Fuel Cell Vehicles
-SUVs
-2 Fuel Cell Generations

* Up to 6 Fueling Stations

2 regions
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Team Overview — DaimlerChrysler
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Conterminous US - Proposed Hydrogen Fueling Stations
DaimlerCrysler and BP

* 36 Fuel Cell Vehicles

-F-Cell Vehicles &
Sprinter Vans (Gen 1)

-2 Fuel Cell Generations
» Up to 8 Fueling Stations

* 3 regions
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Team Overview - Ford

Conterminous US - Proposed & Existing Hydrogen Fueling Stations|

Ford and BP
9
® &
Hydrogen Fueling Ehl.h:ru.:

Proposed Stations

@ Ford and BP
Existing Statians ;

A Foed with Oihwrs S

« 26 Fuel Cell Vehicles

-Ford Focus Vehicles
(Gen 1)

-2 Fuel Cell Generations
* Up to 7 Fueling Stations

* 3 regions
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Team Overview — GM
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Conterminous US - Proposed & Existing Hydrogen Fueling Stations |
General Motors and Shell

Hydrogan Fueling Stations.
Praposed Slations
) Gensrnl Motars and Shal
Exinting Stations -
A Genaral Mosors of Shal o TEEL

* 40 Fuel Cell Vehicles

-Opel Zafira Vehicles
(Gen 1)

-2 Fuel Cell Generations
* Up to 7 Fueling Stations

* 4 regions
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Refueling Stations from All Four Teams
Begin to Create Regional Networks
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Data Collection: Diverse Geography
Addresses Four Key U.S. Climates

o nemL

HotlArld Climates
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Teams Will Field

Four Main* Types of Vehicles

1
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Sample Hydrogen Refueling Infrastructure

- _' DTE/BP Power Park,

- *‘éﬁ Southfield, MI

Hydrogen and gasoline station, WA DC oto:Shell Hydrogen

l | Chir-uo, CA




Data Collection: Overview

Key Vehicle Data Key Infrastructure Data
Stack Durability Conversion Method

Fuel Economy (Dyno & On-Road)

and Vehicle Range Production Emissions

Fuel Cell System Efficiency Maintenance, Safety Events
Maintenance, Safety Events Hydrogen Purity/Impurities
Top Speed, Accel., Grade Refueling Events, Rates
Max Pwr & Time at 40C H, Production Cost
Freeze Start Ability (Time, Energy)
Continuous Voltage and Current Conversion, Compression,
(or Power) from Fuel Cell Stack, Storage and Dispensing
Motor/Generator, Battery & Key Efficiency

Auxiliaries: (Dyno & On-Road)
Q}Mmmnmu;whmumm 14
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Data Collection & Analysis Process

Hydrogen Secure Data Composite Data

LCenter (HSDC) Products
{ « @ NREL: Strictly + Pre-Agreed
: Controlled Access Upon Aggregate
: : Data Products
Raw Data, : . Detailed Analyses, :
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http://www.barrysclipart.com/barrysclipart.com/showphoto.php?photo=24290&papass=&sort=1&thecat=174

Sample Composite Data Examples to Be
Presented to Public Within Next 5 Years

A, Critical Progran Meircs:

1. Fuel Cell Dnarability, Actual ws, DOE Targets, ALLOEM s
2. Weliels Ranges, Actual v DIOE Targets, ANCOEM s
3. H2Production Cost, dohnalsProjections ws. DOE Targets

B. Compostie Performance Tracking:
Fehicks

Eelishality (FC Systern & Ponrerbrin, MTEF)
Start Times vs. DOE Target

Fuel Econorye: D, On-Foad

Honnalmed Vehicle Fusl Econony

Fuel Cell System Effviency

. safety Inmderts - Vehicle Oparation

10, Weight %% Hydwzen

11. Mass of Hydwogen per Liter

Sl sl g [ e

6000

5000

4000

3000

2000

1000

Durability (Operating Hours)

0

Fuel Cell Durability
Actual vs. DOE Targets

All OEM's, All Fuel Cell Stacks

2000

Median E I

90%

Interval

Prediction

2014

¢ Target|

12. Vehirle Hydiogen Tark Cyele Life

Hydro gen Bfrasbucture

13. H2 Production Efficiency vs. Prooess

14, Combmed Heat and Porprey (CHEP) Efficiercies

15 H2 Production Cost vs. Process

16 H2 Punty vs. Production Process

17. Hydiogen Inpurtties - Eange for Production Process 4

12, Histogram: Fefielmz Fate

19, Averaze Mantenance Hons - Scheduled and TTnscheduled

C. High Level Program Pogress:
Vehicks

20. Eange of Actnal Arbist Tenperatures Thring Velucle
Operation — A11 Vehicle Tearns

21, Histogram: # Vehicles vs. Operting Hoursto Date

22 Histogram: # Vehicles ws. Mliles Traveled to Diate

23, Cunmlatnee Vehicle Miks Traveled - A1 Teams

24, Progiession of Lowr to High Pressare Onboard H2 Stowage

Hydro gen Bfrasbucture

25 Cunmlatore Hydrogen Producton — A1l Teams

mi/gge

70

Fuel Economy
All OEM's

=

Range (miles)

Vehicle Range m
Actual Ranges vs. DOE Targets
All OEM's

real daf2

350

300 -
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200 -

250

150 -

100 \ \ \ \ \ \
2002 2004 2006 2008 2010 2012 2014 2016

. Actual yeTarget

(1) Calculated from dyno results and useable fuel on board
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Min

60
50 4
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10

Dyno m On-Road @

(1) One data point for each make/model
(2) One data point for the on-road fleet
average of each make/model

H

Max
Median
Min

Progression of Low to High Pressure On-board H2 Storage

120

100 +
80 -
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20 -

# of Vehicles (all Teams)

0,

'05 Q1
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'07 Q1
'07 Q2
'07 Q3
'07 Q4

| m5000 psitanks 10000 psi tanks |
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Handling Data Security at NREL

Protects all raw data
and our analysis results

Only things that leave
room:

— composite data results
— trend feedback into R&D

Server, workstation,
tape backup and UPS

CD/DVD
shredder

Motion sensors Audible alarm

PIN reader . paper shredder
badge scanner _
1350 Ib. safe for backups E}"EL Nationsl Renewsble Eneray Laboratory 17




Analysis Example: FC Stack Degradation

Voltage (V)

Various Fuel Cell Polarization Curve Changes
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Analysis Example: Stack Degradation
ot Real Dat?
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Analysis Example: Stack Degradation

Predicted (Curve Fit) Voltage vs. time for Simulation
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HSDC ADVISOR Will Assist in Trade-Off
Studies and Refocusing R&D
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Include parameters for each vehicle and power plant : N 60 -
Report Date insert report date : 2 40 ﬁ\_/’\. ADVISOR
Automaker insert automaker : é 20 = Actual
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Recent Activities — Opening of
ChevronTexaco Station in Chino

Chevron f} e iciency

hydrogen <
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Conclusions

A data collection and management system has been
Implemented to provide critical information on:

— Fuel cell lifetime, voltage degradation, and system efficiency
— Vehicle range, fuel economy, and progress of H2 storage systems
— Hydrogen production efficiencies and H2 purity

— Refueling infrastructure performance

— Other data to mark progress toward DOE technical targets
Data will:

— Help to identify status of technology

— Re-Focus Research and Development

— Support Commercialization Decision by 2015

25 key composite data products will be available to public
— Show progress toward DOE/industry targets

Data collection/reporting by partners has begun

DOE coordination internationally through interagency
programs and with state initiatives
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Questions?

CODES & STANDARDS
SAFETY : :
SYSTEMS INTEGRATION / ANALYSES ,-; s
e’

TECHNOLOGY
Economy

RESEARCH & DEVEL OPMENT

keith_wipke@nrel.gov
1.303.275.4451
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