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Project Objectives

5-year technology validation objective (MYPP):
By 2008, validate H2 vehicles with:

— greater than 300-mile range

— 2,000-hour FC durability

— $3/kg H2 production cost

Objective of this validation project is assist DOE in

demonstrating use of FC vehicles and H2

infrastructure under real-world conditions, using

— Multiple sites, varying climates, variety of sources for
hydrogen, including renewables

Primary activity over last year was to support DOE

solicitation process and prepare for post-award work

Future activities will include analyzing data from
vehicles and infrastructure to obtain maximum value
for DOE and industry from this “learning
demonstration”
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Definition and Role of
Technology Validation

Definition:
— Confirmation that component technical targets for

a given technology have been incorporated into a
complete system solution, and

— that system performance and operation are met
under realustlc operatlng scenarios

of Tex ology Valida
‘tramvm; dernonstration activity nvrh (.'m'h’ du'(xr?nﬁ objectives, milestones, and go/no-go decitions
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Budget

e Current FY04 funding: $630 K total

— $15K subcontract with Battelle for data
analysis planning support

Responses to Previous Year Reviewer’s
Comments

* This is the first year this project is being
reviewed

« No reviewers comments from previous year
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Technical Barriers and Targets

 Key DOE Technology Validation Technical
Barriers addressed by this project:
— A. Vehicles — lack of sufficient H2 vehicle data
— B. Storage — not yet providing necessary 300+ mile range
— C. Hydrogen Refueling Infrastructure — cost and availability
— E. Codes and Standards — lack of adoption/standardization
— F, G, H. Hydrogen Production from fossil, nuclear,

renewable — cost is major barrier

* Technical Targets: Technology Validation does not

have its own component technology targets

— Component technical targets are verified under real-life
conditions as part of an integrated system

— After they've already been verified at the component level in
laboratory

— However, solicitation does have performance targets...
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Controlled Fleet Performance Targets
(From solicitation RFP, Appendix C)
« 2008 Performance Targets —
To verify

— FC Stack Durability: 2000 hours __ progress
— Vehicle Range: 250+ miles toward 2015
— H2 cost at station: $3.00/kg ) ‘f@reets

» 2015 Performance Targets — Subjectof

_ FC Stack Durability: 5000 hours f,‘r‘gii?:fo"t
— Vehicle Range: 300+ miles validate
i il 2015
H2 cost at station: $1.50/kg targets
fol- enewable Energy Laboratory ;




Overall Approach

* Provide technical support to DOE for
solicitation RFP process:

— “Controlled Hydrogen Fleet & Infrastructure
Demonstration and Validation Project”

* Plan NREL/DOE data analysis activities

 Investigate hydrogen infrastructure
transition pathways through analysis




Project Safety

+ Solicitation bidders required to include in their
proposal:

Preliminary Failure Modes and Effects Analysis (FMEA) on
the project

Brief example of safety assessment
Detailed outline of Risk Mitigation Plan

Description of how safety performance will be measured and
monitored

Detailed outline for Communication Plan, including
reportable accidents, management response, and
independent reviews

« Safety accounted for 20% of proposal evaluation
score

« RFP included “Guidance for Safety Aspects of
Hydrogen Projects” for reference
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Project Timeline

7/02 — 5/04 6/04 — 9/04 10/04 — 9/09
Phasel |Phasell{  Phaselll
1 2 3 4M4 5 6 7/ 8 9 10 11
5 < Release Quarterly Validation Assessment Reports ———»

 Phase | - Project Preparation
1 Support Development of RFP, Statement of Objectives (Appendix C)
2 Bidder’'s meeting in Detroit — launch of RFP
3 Create data analysis plan and presentation for discussion with industry
 Phase Il - Project Launch
4 Announcement of successful bidders (timing TBD)
5 Kick-off meetings and cooperative agreement awards
6 Preliminary data collection, analysis, and first quarterly assessment report
Phase lll - Data Analysis and Feedback to R&D activities (partial list)
7 Demonstrate FCVs that achieve 50% higher fuel economy that gasoline vehicles
8 Go/No-Go: Decision for purchase of additional vehicles based on perf., durability, cost

9 Validation on a vehicle 2.0 kWh/kg, 1.2 kWh/L compressed gas tank, $10/kWh
10 Validate $2.50/kg hydrogen cost

11 Demonstrate FCVs with 300-mile range, 2,000 hour durability, and $125/kW (based on
volume production)
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Overview of Technical
Accomplishments/Progress

Helped formulate plans for solicitation

Assisted in preparation of technical details of
RFP Statement of Objectives (Appendix C)

Performed technical review of solicitation
proposals (AOP milestone)

Completed draft validation project technical
data analysis plan and sample data flows

Performed preliminary infrastructure analysis




Accomplishments
Provided Content/Review for RFP Statement of Objectives

8 tables
 Footnotes to

A3.0 Project performance measures

Applicants shall provide summarnies of the vehicle, site, and energy parameters, as well as energy
production (optional) test plans. Tables 1 - 6 below and the accompanying narrative summanze

the performance measures

A 3 1 Performance Measures

L
CI a rl fy Table 1. Vehicle Performance Measures
Category | Performan | Unts Baseline | 2006 | 2008 Comments

ce Benchma | Perfor | Perfor
DRAFT Measure rk manc | manc

FINAL CONTENT SUBJECT TO CHANG (Current) | e e
Targe | Targe

APPENDIX A 1s 1s

Statement of Objectives
Controlled Hydrogen Fleet and Infrastructure Demonstration 4 Operations | Fuel MPGG | 50 (fuel | 50 60 Use draft SAE J2572 and
. Economy |E* cell draft EPA fuel economy test
(a) vehicle) procedures Overall testing
may include FTP7S, HWYFE,

A.LO  Background
The use of fuel cell technology with hydrogen as the energy carner of)
viable option to reduce dependence on imported petroleum, develop dq
improve fuel efficiency while reducing greenhouse gas emissions, and
a diverse source of energy feedstocks. 1t also offers the opportunity 10
embrace both transportation and electne generation sectors

In November of 2002, Energy Secretary, Spencer Abraham, announce

Energy Roadmap, a document designed to ensure a more secure and ¢

Amenca The Roadmap provides a bluepnnt for the coordinated, long-term, publu an

TOr

efforts required for hydrogen energy development. These requirements include

Improved fuel cell durability
Decreased cost of fuel cell stack
Enhanced mfrastructure/vehicle systems mntegration

Accelerated development of codes and standards
Public policies 1o educate the public about hydrogen as a fuel

sl _ur A" A o Ky A8 R 35 2 4 T R

Focused demonstrations to showcase vehicle/infrastructure capabilities

d pn\:l

Table 6. ~Data for Modeling and Evaluation of Component Development Program at DOE

Vehicle Required Data Comments
Component
Dynamometer Testing (a)
Fuel Cell 1. Stack voltage, current Data to be obtamned on a
Stack 2. Anode mlet and outlet temperature and continuous basis
pressure
3. Cathode inlet and outlet temperature and
pressure
4. Hydrogen feed and recirculation rates
5. Cathode air feed rate
6. Humudification levels for cathode and anode
feed gases
Fuel Cell 1. Power consumption by Same as above
System - air compressor or blower
Balance-of- - radhator/condenser fan(s)



Accomplishments

Controlled Fleet Solicitation

* Reviewed all “Controlled Hydrogen Fleet and
Infrastructure Demonstration and Validation

Project” Proposals in October

* Provided detailed feedback on proposals

« Created maps of existing H2 infrastructure used
In discussion of proposed refueling stations

DE.PSW0NGO010
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e s e ey

United States Hydrogen Stations
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Accomplishments
Completion of Draft Data Analysis Plan
Prepared draft NREL document “Data Analysis Plan

for Technology Validation for the Controlled
Hydrogen Fleet and Infrastructure Demonstration and

Validation Project”

Served as starting point for discussion about how the

data being collected by industry

will be used to

provide significant value to the HFCIT program

DRAFT
Data Analyss Program T'GITM Validation

the Controlind Hydrogra Fleet and Infras tre s
Demenstrafien and Validatien Projret

Pevised: Jamary 26, 2004

INTRODUCTION

The U S, Depastreest of Energy’s (DOE) Coatmlled Hydsogen Flset aad Infrastrocons
Demorstration exd Vabdatwn project i & mapr cotmpoeest of the Presulent’s Hydogen Fuel
Tratitave % devakp s puth o & berdrogen sconomsy. Draring Uhe thisd quaster of 2003, DOE
released 2 sobcrtgion for coopendive agmements wih sutomctave mencfictures and exergy
compwons 10 demonetads and validate tegrated h,VZ.in wxd Tl onll Sechaolopes oo
traspoddion, sffwtraton, ad et pranstion e e workd cpeating condtxne
Betaeenthee and five pooject awnecs will be wwounced o sarky 2004 and each project 8
echeduled 10 contmae $0 o fiveywas panod

Socossslil eppbouts (lemater mferred 10 a2 the “Putoen”) wv 1equind b supply cean types
of perfosramoe data Gt will allow DOE ¥ condiet scdvpendiest soalses 1 coadisn the
comporest techeioal Sargets for & gven techaology Mave been incorpongsd o & corgplete
ytemsoltion, aid thet #stem perfrmance and pettion 14 e el tnader realty
openteg soonarxs. Perfoavance tugets are spectfied in DOE's Multi- Year Reseasch,
Development, wd Demoostration Plan (ue 3, 203)  Muoch of the anakanis will be perfonmed
By etadl Som the Natonal Resswrsble Enesgy Libocstory (NREL) sad selected prppont
contratos i cooperdn with DOE headqusters, DOE's Golden Field Office, wel the NREL Y
Systemn Intngrars Offics

Ths docursent peesents sorse putial thoughts on how NREL ces support DOE i plasesg ard
condutng teciaolgy vabdtnn wadse £ the Catroled Hydogen Fleet and fwtractos
Demorstration sad Vabdston project In pasticulay, 2 descrbes NREL's w0l in plening and
aralyre sctiitis for indavadual demoretitaon prjects, defiree groend chpetives and etad)
sestyrte f01 beckrology valdaticn smalyas, and peovides exsnples of variow types of salyses
}I‘ aght be peefomed 10 socomplsh vebdaton objectives. It abo decumses how propne tary

| Program Guidelines II

Coopenative Agreement
Solicttation
VE-PSI6.03G0930 1D

Daga and Informatson Management
Plan for DOE s Hydeogen Program

(Draft July 11, 2003)

o i

Performance Data % Duata Analysts and
Collectivn Plan : Secured Reporting Plan
pach peo \ Data gach project)

ble Energy Lab

SIPNREL Nationatn




Data Analysis Approach
(Fuel Cell Vehicles)

|dentify significant factors affecting vehicle
performance from collected data

Provide processed data for
development/verification of codes and
standards

. Measure progress compared to research
technical targets (MYPP, solicitation targets)

. Identify possible technical areas of future
research within Program from results --
technology gaps and research opportunities

:.:'p"E'- National R ble Energy Laboratory 14




Overview of Technology Validation Hydrogen
Fuel Cell Vehicle Performance Analysis

Performance at
multiple
temperatures

Component
Efﬁciencies

Dnvmg Economy
Range

Performance at
ultiple elevations

Data Collected by
Auto Teams

In-Use Data
Acquisition
System

Codes & |

Performance measures include @
vehicle fuel economy, driving range,

acceleration, gradeability, etc. Toam #2
Team #?

Compare o 17cam # o hie
Results from § | | W=y
Multiple E
Climates & L2
Technologies > M

Technology A
metal VS. carbon bi- polar plates

. pressurized vs. non-pressurized stack,
Firewall H2 ICE vs. FC, etc.

Eﬁ | Summarize Results by
Sgndards B f Technology & Climate
Hydrogen, Fuel Cells roups ange of rFeriormance 1or ‘
::cnh:%:;(;su;:oqam \ ""«?_\ ' .. d ;:’y Val'iOUS FC Technologies Range Of Performance for 3 Cllmates
s ‘  | =) Composite Results & Composite Results
e B P = S
Eermse g <
o+ R&D povson o IS 5
o c K C=cold M
Re-Focus R&D as Compare Performance METndone
Appropriate Against DOE Program "
@ TeChniC?HTargeb Fc TeChnOIogy ".:{’NF' National Rmnmtgyubouloty
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Overview of Technology Validation
Hydrogen Production Analysis

A Detailed analyses of production data determine

- what factors affect productive efficiencies

()

s ®

= / Compare

w .
Identify Factors Results from

Ambient Temp Affecting Multiple Sites

Performance and Methods

Map Performance ==
Against Program
Technical Targets

Efficiency
\ 4 (\

©

Feedstock Purity

oEo—g-a-eo-u-o-o-oOther=99%

Storage = 98%
/'rﬂ—kes—r‘\ax‘\r*vﬂs—kk Compression = 87%

et At «"=.a,=+Purification = 78%
S o n 8= = o ~ = »:__ o 4:-"'* Ref()ﬂ'ning = 74%
N = : * Total = 68%

Efficiency of Production Components
versus Technical Targets Team #1 — Method: NG ref

w !
J FMAMJJASONDJFMAMJJASOND

Production Month

Efficiency

Toam #2

Team #?2

A C=cold
Team #1 M=moderate

W=warm

Efficiency

Method NGref Electrolysis Other

Summarize
Results by
Method

Range of Efficiency Achieved by Different

A

Productive Methods
Composite Results
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Specific Data Analysis Example

Fuel Cell Component and System Efficiency Evaluation

Data Collected by H2
Auto Teams S
Fuel Cell 4. Composite Results
Detailed fuel cell system Stack £
component behavior in . £ = £ gz
real vehicle environment c Air aebk--r *— -—— - == 2010
ompressors )
or Blowers S O
a ) o E - - == 2005
= (;oolant - W
- umps =
Other
C t Electrical
volt:rgglgnﬁrlnt 0,;"’:'8,°2? Dés Parasitics FCTech. A B
REE Ao G 5Tt s Compare Performance
Data Used to Against DOE Program
A Testiog of Validate DOE Fuel Technical Targets
Fuel Cell Systems Cell Vehicle Models
Efficiency at 25%
load RFP, App.
C, Table 2 50-kWe (net)
e Integrated FC Power
5 Re-Focus R_&D as Systems Operating
e Appropriate on Direct H2 (MYPP
ADVISOR 2003 Table 3.3.2)

Advanced Vehicle Simulator

R&D
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Accomplishments
Infrastructure Transition Analysis

Goal: |dentify near term strategies for developing

an H2 infrastructure

— Estimate refueling station requirements and costs to
facilitate vehicle deployment

— ldentify number and optimal locations for stations

using GIS capabilities
— Coordinating efforts with

H2 analysis activities:
« H2A
» Systems Integration

Hydrogen Facilities in the United States
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Accomplishments
Infrastructure Transition Analysis

* Performed spreadsheet analysis to allow
rough calculations for the range of
Infrastructure needs based upon various
assumptions (extension of GM work)

 Conducted literature search on
Infrastructure activities

L ] L] :
U .
o|denhﬂedrnost e A T I —— o "
GM @ w 2 9 £ )
v 2 2 9 »

traveled interstate = ——— ¢

Urban Analysis - MSA Specic DOE Analysis

routes based on ... = e
GIS data —

F
1sserasy
ETTL
APPTITE




Accomplishments
Infrastructure Transition Analysis

Interim Results:

— Based upon spreadsheet analysis,
supported by U. of Michigan paper,
strategy of placing refueling stations along
major traffic routes is best

— GIS is necessary to identify strategic
placement of stations to provide best
coverage




Interactions and Collaborations

* Met with all major auto OEMs and
energy companies in helping DOE to
craft objectives and scope of controlled
fleet solicitation

» Open discussion with industry on
solicitation facilitated by bidder’s
meeting in Detroit (3/03)

* Interactions on transition analysis with
UC Davis and University of Michigan




Interactions and Collaborations
Project Planning Input Gathered from Multiple Organizations

Auto Manufacturers Collaborations Fuel/Storage/FC Suppliers
Ford CA Fuel Cell Partnership  Chevron-Texaco
DCX NEXT Energy PDVSA Citgo
GM Building Owners and Exxon Mobil
Toyota Managers Assoc. Phillips
Hyundai Altarum Union Ol
USCAR Teamworks BP
CUTE Europe Shell Hydrogen
SCAQMD Stuart Energy
NYSERDA PraxAir
Albany- Nanotech General Atomics Corp
MTI-Micro Fuel Cells Inc.
Learning Facilities Military UTC Fuel Cells
Virginia Technical Institute ~ TARDEC/NAC ;'I‘P°We’ Cop
SUNY-Albany L9 hower ol
Ovonics
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Future Work
Controlled H2 Fleet & Infrastructure Project

« Remainder of FY04

— Wrap-up transition analysis work and document
findings in report (mapping and vehicle simulation)

— Enter Phase |l of project (post announcement)

— Actively participate in industry team kick-off
meetings, discussions on data collection methods,
and early applications/analyses of data

— Begin quarterly Validation Assessment Reports

 FY05 and beyond (Phase lll):

— Compare technical progress to program objectives

— Actively feed findings from project back into HFCIT
program R&D activities (“learning demonstration”)

— Provide quarterly Validation Assessment Reports
to report on technology and project progress

{}"E'— National R ble Energy Lab
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