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Fuel Cell Vehicle Learning Demonstration
Project Objectives and Targets

Objectives
— Validate H, FC Vehicles and Infrastructure in Parallel

— ldentify Current Status and Evolution of the Technology

« Assess Progress Toward Technology Readiness
* Provide Feedback to H, Research and Development

Key Targets

Performance Measure 2009* 2015**

Fuel Cell Stack Durability | 2000 hours | 5000 hours

Vehicle Range 250+ miles | 300+ miles

Hydrogen Cost at Station $3/gge $2-3/gge

* To verify progress toward 2015 targets
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** Subsequent projects to validate 2015 targets "':':;.'f‘;_ gon @m{taﬂoﬁehmo cA T
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Over Half of Project Vehicles Now Deployed,
First-Generation Predominantly Uses 5000 psi Tanks
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~Half of the Project’s Infrastructure to Refuel
Vehicles Has Been Installed — 4 Types

Infrastructure Hydrogen Production Methods

Total: 10

] Hydrogen and gasoline station
Washington, DC

Mobile Refueler
San Francisco, CA

# of Stations
N

Delivered Natural Gas On- Electrolysis Delivered Liquid
/ Compressed H2  site Reforming H2 —

/ Production Technologk

/

=
m Autothermal Reformer
Chino, CA

DTE/BP Power Park,
Southfield, Ml
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Refueling Stations from All Four Teams Test
Vehicle/lnfrastructure Performance in Various Climates
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Seven Quarters of Data Analyzed To-Date
Current Status of Data Reporting to the Hydrogen Secure Data Center at NREL

MB of Data

35000 -
30000 Through March, 2007:
>113,000 individual vehicle trips 11362
33 GB of on-road data
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Analysis Calculations and Results are from
NREL-Developed GUI — Fleet Analysis Toolkit (FAT)
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3rd Set of Composite Data Products Published;
Updates/Additions Every Six Months

30 Composite Data
Products Have Now Been
Published




New Web Site Now Provides Direct Access

to Latest Composite Data Products
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Composite Data Products by Topic

The pubbs techmcal analysis resuts rom GOE's Controlled Hydrogen Fleel and Infrastreciure Demonstraton and Vahdalion Progct
are generated n the form of composite data preducts (CDPE). The following COPs, which are arganized by topic, are offered in
both PowerPomnt and Enfanced MetaFiles (FMF) formats.

Please nole thal the EMF Hes may aol be wigwable wa all browsers, butl are mchoded here due Lo Lhér small sabe, hegh-guably
{wector-based snd fcalable), and gasy madrtion intd yvour dwn decuments. To Sawe an EMF file, nght-chick an the fink and "Save
Target 4" to your compuier or click an the link and than nght=-cick on tha mage and copy and paste directly into your applicaton
Cmce sawed o your camguter, EMF hles can be viewed in Windows throwgh the bull-n "Wodows Picture and Fas Yeewar® by
doutile=clicking an the file

If thasa tachnical results are reproduced in yowr own documents or presentations, pleass provide appropriate referance to the US
Departmant af Energy's Hational Perewable Erergy Labaratary,

Fuel Cell Stack Durability

* Learrmg Dema Fusd Call Slack Hours Accumulabed thraugh August 2008, COP #14, 10/5/06 (PowsePomi 323 KB (EMF 10 E@Y
Prajacted Hours 1o 104 Stack voltags Degradation, COP ®1B, 10/5/06 (PowerPaint 395 EB) (EME 82 BB
Fusl Cell Stack Hours Accuwmulated and Projected Hours to 10% Stack Yoltage Degradation through August 2006, COP &1C,
10808 (PowarPgint 206 £8Y (EME 40 K8

Fuel Cell Vehice Rancge

Fuml Cll vishicle Range, COP 52, 10/49/06 (PowiPnn] 393 KR (EME 20 CR)

Effactive Fual Cell Vabacle Range, COF #34, 830,06 (Posefiont 393 EB) (EMF 33 KB)

Percentage of Theoretical Driving Range Betwesn Refuelings, COP @33, BF30/08 (PowerBgint 386 KR) (EME_ 45 k)

Fuel Cell Vehicle Fuel Foonomy and Stack Elficiency
s Fuel Cell Vehicle Fuel Ecomamy, COP &6, 82506 (Foegriomt J9 KLY (EWE 28 KLY
¢ Fusl Cell System Efficiency, COF #8, 659/0¢ (PowePoint 392 KR) (EME 27 KR)

Fuel Eell Vehicle and Hydrogen Infrastructure Satety
¢ Fusl Cell ¥ehicle Safety Incidents, COP &8, 8/28/06 (PomerPont 391 KB) (EMF
s Infrastructure Safety Incidents by General Categary, COP #20, B/%0/06 (B

3 EB)

WP 5 -._:ur._ il 1 ]

Fuel Cell Vehicle On-Board Hydrogen Storage Status
s Number of vehiclks Using Bach Hydrogen Storage Technology, COP #25, B/2506 (PoearPoint 292 KR (EldF 37 KR
» Hydrogen Storage Weight % Hydrogen, COP #10, 2/25/06 (PowmorPoint 3592 KBY (EME_ 25 KB
s Hydrogen Slorage Volumetne Capasity, COP #1131, 2/2%/06 (PowerPoinl 392 WRY (EMF 20 KB
» Hydrogen Storage Tank Cycle Lifo, COP #12, 323000 (Powerfoint 338 BB (EME 20 KR
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Actual Vehicle Refueling Amounts from >3700 Events:
Measured by Stations or by Vehicles

Number of Fueling Events

Created: Feb-28-07 1:43 PM

Histogram of Fueling Amounts
All Light Duty Through 2006Q4
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Actual Vehicle Refueling Times from >3700 Events:
Measured by Stations or by Vehicles

Histogram of Fueling Times
All Light Duty Through 2006Q4
I

Average time: 4.19 min
Median: 2.83 min
78% of refueling events took <5 min
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Actual Vehicle Refueling Rates from >3700 Events:
Measured by Stations or by Vehicles

Histogram of Fueling Rates
All Light Duty Through 2006Q4
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Average rate: 0.71 kg/min
Median: 0.75 kg/min
20% of refueling events exceeded 1kg/min
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Updated Results for Hours Accumulated and
Projected Hours to 10% Stack Voltage Degradation

DOE Learning Demonstration Fuel Cell Stack Durability:
Based on Data Through 2006 Q4

2400 - oo
2200 - - Actual Operating Hours Accumulated To-Date -} - - \Projected Hours to 10% Degradation - - - -
e A E e e e e R R E R R E R R e e s e e e m e e e Note: 10% voltage drop is an R&D metric
2000 2009 Target for FC stack degradation. It does not
1800 - - - - P — b necessarily indicate an end-of—lifg cc_)ndition.
Accumulation of FC stack operating hours OEMs may use other values or indicators.
—_ 1600 —---- continues to grow, but projectionsarestill |~ "+ T
g 1400 — - necessary to compare to targets | ______ .\ ___________________ ___________________
°c e e ——
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Max Hrs Accumulated (1)(2) Avg Hrs Accumulated (1)(3) Projection to 10% Degradation (4)(5)

1) Range bars created using one data point for each OEM.

2) Range (highest and lowest) of the maximum operating hours accumulated to-date of any OEM's individual stack in "real-world" operation.

3) Range (highest and lowest) of the average operating hours accumulated to-date of all stacks in each OEM's fleet.

4) Projection using on-road data -- degradation calculated at high stack current. This criterion is used for assessing progress against DOE targets,
may differ from OEM's end-of-life criterion, and does not address "catastrophic” failure modes, such as membrane failure.

(5) Using one nominal projection per OEM: "Max Projection" = highest nominal projection, "Avg Projection" = average nominal projection.

The shaded green bar represents an engineering judgment of the uncertainty due to data and methodology limitations. Projections will change

as additional data are accumulated.
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Hydrogen Quality Index Close to Target Except
for Some High Inert Gas Measurements

Hydrogen Fuel Quality Index Sampled from stations'"
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‘:*'* H?E-L Mational Henewahble Energy Laboratory 1 6




Hydrogen Impurities Sampled from All Stations to Date
In General, Inert Gases and Sulfur Suffer from High Detection Limits

H, Impurities
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Created: Feb-28-071206 PM «Galculated from SO2, COS, H2S, CS2, and Methyl Mercaptan (CH3SH).
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H2 FCV Safety — An Issue Has Been Identified Relative to

H2 Sensor Alarms and is Currently Being Addressed
Safety Incidents - Vehicle Operation
50
45 ® H2 Leak - During Fueling
0O H2 Alarm - Stack
B H2 Alarm - Fuel System

40 B H2 Alarm - Passenger Compartment
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Average Refuelings Between Infrastructure Safety Events

Has Increased by ~10X Since Beginning of Project
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Severity Decreased: Only Infrastructure Non-
Events Have Been Reported in Last 3 Quarters

Type of Infrastructure Safety Event by Quarter Through 2006 Q4
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I Incident

16

1 Near Miss
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14
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Created 07-Mar-2007

2005 Q2

2005 Q3

2005 Q4 2006 Q1 2006 Q2 2006 Q3 2006 Q4

Reporting Period




Most of Infrastructure Safety Reports are
Non-Events (and Most of Those, Alarms Only)

Total Infrastructure Safety Events by Severity
and Event Type Through 2006 Q4
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No Single Primary Factor Leading to Majority of
Infrastructure Safety Events

Primary Factors of Infrastructure Safety Events
Through 2006 Q4

[ Calibration/Settings/ Software Controls

O Environment (Weather, Power Disruption, Other)
Total Incidents M Inadequate/ Non-working Equipment

O Not Yet Determined

B Mischief, Vandalism, Sabotage

= Maintenance Required

Design Flaw

B Operator/Personnel Error

Total Near Miss

Severity

Total Non-Events
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Number Of Events

Created 07-Mar-2007
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Vehicle Operating Hours and Miles
Traveled Distribution

Vehicle Hours: All OEMs Combined
Through Q4 2006

16 Total Vehicle Hours = 28,545

Number of Vehicles
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Created: 28-Feb-07 Total Vehicle Hours

The bulge of operating hours and miles
traveled has now shifted to right.

New Gen 1 vehicles continue to be introduced,
but 2" bulge will appear at left with Gen 2
vehicle introduction starting this fall.

Number of Vehicles

Vehicle Miles: All OEMs Combined
Through Q4 2006
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Total Miles Traveled = 573,064
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Summary

First half of project completed

— 69 vehicles and 10 stations deployed

— 570,000 miles traveled, 20,000 kg H2 produced or dispensed

— 113,000 individual vehicle trips analyzed

— Project to continue through 2009

More detailed examination of project safety now possible
— Updated data templates allowed more detailed reporting

— Infrastructure safety has seen dramatic improvement

— H2 sensor alarm issue being resolved on vehicles

Compressed H2 refueling time, amount, and rates
indicates this technology could meet customer’s refueling
time expectations

— Key will be having adequate station coverage

Total of 30 composite data products published to-date
— New web site allows direct web access to the most current CDPs
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Questions and Discussion

Project Contact: Keith Wipke, National Renewable Energy Lab
303.275.4451 keith_wipke@nrel.gov

All public Learning Demo papers and presentations are available
online at http://www.nrel.gov/hydrogen/proj_tech_validation.html
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