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Dear Colleague:

This document summarizes the comments provided by the Merit Review Panel at the U.S. DOE Hydrogen, Fuel Cells &
Infrastructure Technologies Program (HFCIT) FY 2003 Merit Review and Peer Evauation, held on May 19-22, 2003 in
Berkeley, California. The recommendations of the panel have been taken into consideration by DOE technology
development managers in the development of work plans for fiscal year (FY) 2004.

The tables below list the projects discussed at the review and the major actions to be taken during the upcoming fiscal
year. The projects have been grouped according to which activity areain the HFCIT Multi-Y ear Research, Devel opment
and Demondtration Plan they support. The average scores are on a4-point scale. To furnish al principa investigators
(P1s) with direct feedback, raw evaluations and comments were provided to each presenter. However, the authors of the
individua comments will remain anonymous. The PIs of each project are instructed to fully consider these summary
evaluation comments, as appropriate, into their FY 2004 plans.

Hydrogen Production & Delivery: FUNDING
,\IT L?:]%C;r Project, Performing Or ganization grge t&%r;d ItDi':EOerg CoPrrnc;):J)IeeFtt ed Summary Comment
1 H, from Biomass. Catalytic Reforming of 328 v Focus on fast
Pyrolysis Vapors NREL ) fluidized bed process.
2 | H, fromPost-Consumer Residues, NREL | 316 | v Focus on circulating
bed system.
Accelerate screening
3 Fluidizable Reforming Catalysts NREL 340 v and testing of catalyst
compositions.
4 Biohydrogen Production from 280 v
Renewable Organic Wastes, |SU '
Project funding
5 | Biological Water Gas Shift, NREL 323 v discontinued based on
unfavorable economic
analysis.
Thermocatalytic CO,-free Production of
6 H, from HC Fuels, Florida Solar Energy 2.83 v
Center
Emphasize
Novel Catalytic Fuel Reforming Using development of beta
7 Micro-Technology with Advanced 272 v prototype. Project
Separations Technology, InnovaT ek will be completed in
FYyo4.
Engineering Development of Ceramic Emphasize higher
Membrane Reactor Systems for pressure and higher
8 Converting Natural Gas to Hydrogen & 340 % temperature testing.
Syn Gasfor Liquid Transportation Fuels,
Air Products & Chemicals Inc.
9 Integrated Ceramic Membrane System 267 v Focus on developing
for H, Production, Praxair ) better modeling.




Low Cost H, Production Platform,

Emphasize

10 Praxair 295 collaboration.
11 Defect-free Thin Film Membranes for H, 087
Separation & Isolation, SNL '
Maximizing Photosynthetic Efficiencies Focus on program
12 and H, Production in Microalgal 3.33 RD&D goasfor
Cultures UC Berkeley 2005.
13 Reformer Model Devel opment for 297 gé’gi ﬁgargg Se'rn;h's
Hydrogen Production, JPL ' 9
program requirement.
Emphasize further
development of
14 Photoelectrochemical H, Production, 330 multi-junction
University of Hawaii ' photoel ectrodes to
meet program RD& D
goals for 2005.
15 Er;?é?_el ectrochemical Water Splitting, 323 :Tgﬁ?;;fg:g date
materials.
16 Encapsulated Metal Hydride for H, o83
Separation, SRTC '
Economic Comparison of Renewable
17 Sources for Vehicular Hydrogenin 290
2040, DTI
18 Biomass-Derived H, from a Thermally 270
Ballasted Gasifier, lowa State University '
20 Evaluation of Protected Metal Hydride 320
Surriesin a H, Mini-Grid, TIAX )
Novel Compression and Fueling
2 Apparatus to Meet Hydrogen Vehicle 320
Range Requirements, Air Products & :
ChemicalsInc.
Techno-Economic Analysis of H, Project compl eted.
30 Production by Gasification of Biomass, 2.60
GTI
31 gJApercritical Water Partial Oxidation, 257 tlar;lrlil;?lé/atnhgecost
overcome.
Devel opment of Efficient and Robust Focus on designing
32 Algal Hydrogen Production Systems, 347 new DNA sequence
ORNL coding for proton
channdl.
Emphasize feasibility
2 Water-Gas Shift Membrane Reactor 290 of hi-temp water-gas
Sudies, University of Pittsburgh ' shift under redlistic
operating conditions.
High dectrical input
a8 Low Cost, High Efficiency Reversible FC 280 requirement prevents
Systems, Technology Management Inc. ' overcoming energy
efficiency barrier.
29 High-Efficiency Seam Electrolyzer, 237 gnacr)dbg?sdaefg}r'gggat

LLNL

problem.
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High Temperature Solid Oxide

Emphasize

40 2.80 v collaboration with
Electrolyzer System, INEEL industry.
Emphasize
Photoel ectrochemical H, Production gg/netl)(')niz']?l ”%éftem
41 Using New Combinatorial Chemistry 313 % deﬁigngln d lorary
Derived Materials, UC Santa Barbara photocatalyst
analysis.
Emphasize
engineering oxygen
42 Algal Hydrogen Photoproduction, NREL | 3.23 v tolerant hydrogenase
and temporally
separated system.
Emphasize improving
material testing
e Discovery of Photocatalysts for H, 313 v systems, synthesizing
Production, SRI International : materials and
processing materias
data.
Project was fully
g9 | Acvanced Thermal Hychogen 304 v | funded and will be
mpresson, =g ' completed in FY 04
. Emphasize technical
Development of a Turnkey H, Fueling Lt
9 Sation, Air Products & Chemicals Inc. 3.27 v fees b'.l'ty and cost
reduction.
Autothermal Cyclic Reforming-Based H, Emphasize
60 Generating and Dispensing System GE 3.07 v collaboration.
Energy
H, Reformer, FC Power Plant, & Vehicle Install 2™ generation
63 Refueling System Air Products & 340 v fud cell and operate
Chemicals Inc. facility.
Candidate Fuels for Vehicular Fuel Cell Emphasize
64 Power Systems: Stakeholder Risk 327 % coordinating with
Analysis TIAX H2A Group.
Fuel Cell Distributed Power Package
11 Unit: Fuel Processing Based on 2.67 v
Autothermal Cyclic Reforming, GE
Hydrogen Storage:
,\IT L?:]ic; Project, Performing Organization g?e tﬁ]%rgd Iﬂ':fg&' C(F))rrnoé tht od Summary Comment
. Focus on reducing cost
DOEH, Col te Tank Program, .
44 Quantum Terrr:ﬁggl ogies Inc. ) 310 v and meeting DOE
performance targets.
Development of a Compressed H, Gas Project completed.
45 Integrated Storage System, Johns 281 %
Hopkins University/APL
46 H, Storage Using Lightweight Tanks 25D v Focus on conformable
LLNL ' tanks.
47 Insulated Pressure Vessels for Vehicular 260 v Focus on meeting

Hydrogen Sorage, LLNL

DOE targets.
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Project funding
48 Low Permeation Liner for H, Gas 275 v terminated pending
Sorage Tanks, INEEL ' further review of
approach.
Focuson
50 Catalytically Enhanced H, Storage 353 v understanding and
System University of Hawaii ' improving NaAlH -
based material.
Project funding
51 Hydride Development for Hydrogen 330 v increased. Extend
Storage SNL ' research beyond
NaAIH,.
- Project funding
Hydrogen Storage Using Complex :
52 Hydrides Florida Solar Energy Center 220 v g/rinér/:/ated due to poor
High-Density H, Sorage Demonstration Focus on engineering
53 Using NaAlH 4-Based Complex 337 % of prototype subscale
Compound Hydrides, UTRC system.
Sandardized Testing Program for Z%e;t;tlér&dggg rovide
%! Emergent Chemical Hydride & Carbon 2.70 % testing caoabilir?ty by
Sorage Technologies SwWRI end of 2004,
Project funding
increased. Address
55 H, Sorage in Carbon Nanotubes NREL | 2.90 % reproducibility issue
and planned 2005
go/no-go decision.
Doped Carbon Nanotubesfor H,
56 Sorage, Westinghouse Savannah River 243 v
Tech Center
57 H, Sorage in Metal-Modified Single- 271 v
Wall Carbon Nanotubes Caltech '
Hydrogen Sorage via Ammonia and
58 Aminoborane, Florida Solar Energy 248 %
Center
Fuel Cédls:
I\ITL?#%C; Project, Performing Organization grge tﬁ]%'ld _E)i':lcfég Coprglegtted Summary Comment
Project funding
67 Sudy of Fuel Cell Water Transport with 335 v increased. Increase
Neutron Imaging, NIST ' dissemination of
results to community.
Integrated Manufacturing for Advanced
70 Membrane Electrode Assemblies, 3.37 \Y;
DeNora
Development Of High-Temperature
71 Membranes & Improved Cathode 357 %
Catalysts UTC
Advanced MEA'sfor Enhanced
2 Operating Conditions, 3M 3.8 v
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R&D on an Ultra-Thin Composite

73 Membranesfor High Temperature 240
Operation in PEMFCs, Fud Cdl Energy
Development Of High-Performance,
74 Low-Pt Cathodes Containing New 293
Catalysts & Layer Sructure, Superior '
MicroPowders
Design & Installation of a Pilot Plant for
75 High-Volume Electrode Production, 2.60
SwRI
76 Scale-Up of Carbon/Carbon Composite 347
Bipolar Plates, Porvair Corp. '
High Temperature Polymer Membranes Focus on 120°C
7 for Fuel Cells Case Western Reserve 2.83 operation.
University
. Emphasize new
78 E' ggfggr PorC Operationon, |9 g catalyst materials and
impurity tolerance.
Project funding
increased. Continue
79 | New Electrocatalysts for FCs, LBNL 336 catalyst research,
begin screening
studies of non-PGM
catalyst.
Project funding
80 Low-Platinum Hydrous Metal Oxides for 501 increased. Focuson
PEMFC Cathodes, NRL ' doped metal oxide
catalyst supports.
81 Low-Platinum L_oadi ng Electrocatalysts 320 mgggggn?:'ggus on
Brookhaven National Laboratory cathode catalysts.
Develop correlation
8 Microstructural Characterization of 236 between performance
PEM Fuel Cells ORNL ' degradation and
structural changes.
a3 Bipolar Plate-Supported SOFC 260 Developing short
"TuffCell" , ANL ' stack.
84 l(é:\oNaEi ngs for Fuel Cell Air Compressors, 278
a5 Carbon Composite Bipolar Plate for 289
PEM Fuel Cells ORNL '
Project funding
86 Cost-Effective Surface Modification for 256 increased. Initiate
Metallic Bipolar Plates ORNL ' technology transfer to
fue cell suppliers.
Project terminated
since other approaches
g7 Carbon Foamfor Fue Cell 103 to fuel cell
Humidification, ORNL ' humidification appear
to be more cost
effective.
89 Sulfur Removal from Reformate, ANL 2.70 Project halted _p_endl ng
Go/No-go decision.
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Assessment of FCs as Auxiliary Power
0 Systems for Transportation Vehicles, 252 v
TIAX
Project fully funded
91 Fuel Cell Reformer Emissions, TIAX 3.07 Vv and to be completed in
FY04.
Fuel Processing of Diesel Fuel For
% | APUS, NETL 260 v
. : Increase collaboration
Fiber-Optic Temperature Sensor for )
% | PEM Fud Cells Monitoring, ORNL 295 | v with fuel cell
developers.
. . — Develop a continuous
SHective Catalytic Oxidation of e
95 Hydrogen Sulfide, ORNL 2.87 % desulfurization
process.
SOFC Auxiliary Power Unitsfor Long- Increase collaboration
9% Haul Trucks. Modeling and Control, 248 v with SECA Program.
PNNL
Project funding
9 Diesel Reforming, ANL 2.33 Vv terminated in favor of
higher priority R&D.
Project funding
100 Fast Sart Reformer Components, 260 v decreased in
LANL, ORNL, and PNNL ’ anticipation of
completion.
Explore hybridization
101 Fuel Cell Systems Analysis ANL 3.30 % and direct hydrogen
fuel system cycle.
Project funding
102 Fuel Cell Vehicle Systems Analysis, 317 v continued. Address
NREL ) thermal and water
management i SSUes.
Project funding
103 Cost Analyses of Fudl Cell 330 v continued. Analyze
Sacks/'Systems, TIAX ' cost of direct hydrogen
FCV.
Precious Metal Availability & Cost Fina Report due.
104 Analysis for PEMFC Commercialization, | 2.93 v
TIAX
DFMA Cost Estimate of FC/Reformer
105 Systemat Low, Medium, & High 3.00 Vv
Production Rates, DTI
Project funding
decreased pending
106 Water-Gas Shift Catalysis, ANL 290 % Go/No-go decision.
Continue work on Pt-
Ceand Cu catalysts.
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Project funding

decreased pending
Go/No-go decision.
107 Catalysts for Autothermal Reforming, 300 Work to decrease
ANL ' precious metal loading

whileimproving
catalyst activity and
sulfur tolerance.
Develop prototype
membrane reactor.

108 Devel opment of WGSMembrane 300 Efficiency anaysis

Reactor, Ohio Sate University ' initiated to guide
decision for program
continuation.
Develop prototype

OnBoard Vehicle, Cost Effective ré}?m_brane re;octo_r )

109 Hydrogen Enhancement Technology for 1.90 i tligt$?(/) 351 etefn?ne

Transportation PEMFCs, UTRC whether to continue
funding.

Advanced High Efficiency Quick Sart

110 Fuel Processors for Transportation 3.00

Applications, Nuvera

Plate-Based Fuel Processing System

112 Catalytica 2.97

113 Quick-Sarting Fuel Processors ANL 3.26
Project funding
decreased pending

Progressin Microchannel Seam Go/No-go decision.

114 Reformation of Hydrocarbon Fuels, 2.79 Incorporate improved,

PNNL less expensive catalyst,
initiate testing of fast-
start, low dP system.
Project funding
decreased pending

Reformate Clean-Up: The Case for Go/No-go decision.

15 Microchannel Architecture, PNNL 258 Evaluate new

; formulations, continue
scae-up of reactorsto
2kW levd.

Fud Processors for PEM FCs

116 University of Michigan 280
Project funding
decreased.

117 | Direct Methanol Fuel Cells LANL 333 ;gcrtggféogg’v\g
applications is near
commerciaization.

Devel opment of Advanced Catalysts for

18 | pmFCs, JPL 260

Fuel Cell Power System for

119 Transportation - Gasoline Reformer, 2.87

UTCFC
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120 PEMFC Power Systemon Ethanol, 280 v Project concluding.
Caterpillar, Inc.
New Solid Sulfide Thio-acid Membranes
121 | for High Temperature PEMFCs, lowa 2.30 Y
State University
" Go/No-go decision
122 E];fggt;g uAeINCII_orrpostlon on Fuel 2.80 v will affect future
' project directions.
Fuels effects project
: : funding terminated,
123 Ifl\llrlg of Fuelsin Fud Cell Reformers, 304 v funding for critical
durability studies
continued.
124 Carbon Monoxide Sensors for o83 v Test and initiate
Reformate-Powered FCs, LANL ' technology transfer.
Project transferred to
125 Electrochemical Sensorsfor PEMFC 283 v Safety, Codes &
Vehicles LLNL ' Standards sub-
program.
197 Development of Sensors for Automotive 395 v Review and deliver
PEM-Based Fuel Cells, UTCFC ' sensors for testing.
Finalize sensor
129 Sensor Development for PEMFC 315 v requirements and
Systems, Honeywel Sensing & Controls ' begin sensor
devel opment.
130 Fuel Cell Turbocompressor, Honeywell 3.30 %
Development of a Torroidal Intersecting
Vane Machine Air Management System
131 for Automotive Fuel Cell Systems, 310 v
Mechanology, LLC
132 PEM Fuel Cell Air Blowers, UTCFC 3.60 Vv
Project terminated
133 DOE Compressor/Expander Module 1.80 v since technology is
Development Program TIAX ' unable to meet
technical targets.
Technology Validation:
,\ITL?TJ]%C; Project, Performing Organization SAc\(;?e tﬁ]%n ed %':ﬁ%g CoPrrnog) Iegtt od Summary Comment
Technical Analysis: Integrating a H,
19 Energy Sation Into a Federal Building, 3.20 %
TIAX
21 Validation of an Integrated Systemfor a 290 v
H.-Fueled Power Park, Air Products '
7 Hayvaii _Hydrogen P__ower Park, 377 v
University of Hawaii
24 Power Park, Pinnacle West 2.20 % Project started | ate.
Procure equipment,
o5 DTE Hydrogen Power Park, DTE 3.00 v install and commission

Energy

system, and establish
safety framework.
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Filling Up With Hydrogen 2000, Stuart

26 313 %
Energy
Mixtures of H, & Natural Gas (HCNG) Complete conversion of
27 for Heavy-Duty Applications Collier 3.27 % 6 buses and test.
Technologies
3 Hydrogen from Biomass for Urban 313 v Install unit at Georgia
Transportation, Clark Atlanta University ' University and test.
Project funding
increased. Expand from
. Power Parksto
36 Power Parks System Smulation, SNL 355 % additionally include
external infrastructure
analyses.
37 On-Ste Hydrogen Generation & 360 v Demonstrate storage
Refueling Sation, Hyradix/ SunLine ' tanks and compressors.
61 Development of a Natural Gasto H, 333 v Proceed with ingtallation
Fueling System, GTI ' and tests.
Emphasize maintenance
. and operation of natura
65 gjegt-i«er/\;labslﬁnfri\ggy Transportation 356 v gas and renewable
hydrogen production
systems.
66 H, Storage and Compression: LAX, 336 v Install and operate
Praxair ' system at LAX.
Advanced Underground Vehicle Power
88 & Control FC Mine Locomotive, Vehicle | 2.70 \Y;
ProjectsLLC
Safety, Codes and Standards:
Project : . N Avg. | Con- | Discon- | Project
Number Project, Performing Organization Score | tinued | tinued | Completed Summary Comment
Gallium Nitride Integrated Gas/Temp
93 Sensorsfor FC SysMonitoring for H; & | 2.53 %
Carbon Monoxide, Peterson Ridge LLC
Interfacial Sability of Thin FilmH,
126 | snsors NREL 297 | v
Micro-Machined Thin Film H, Gas
128 Sensors Adv Tech Materias Inc. 307 v
Codes & Sandards Analysis, University
8 | of Miami 363 | v
69 Hydrogen Codes and Sandards, NREL 3.68 v
Other:
Project . : N Avg. | Con- | Discon- | Project
Number Project, Performing Organization Score | tinued| tinued | Completed Summary Comment
Toward the Development of a
2 Thermodynamic Fuel Cell, SNL 300 v
29 Reduced Turbine Emission Using H.- 390 v

Enriched Fuels, SNL
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The next Merit Review and Peer Evaluation is scheduled for May 24 — 27, 2004 in Philadelphia, PA. We would like to
EXpress our sincere appreciation to the members of the Merit Review Pandl. It isthey who make this report possible, and
upon whose comments we rely to help make programmatic budget decisions for the new fiscal year.

Thank you for participating in the FY 2003 Hydrogen, Fuel Cells & Infrastructure Technologies Program Merit Review
and Peer Evaluation meeting. We look forward to your participation in the FY 2004 review.

e

Steven G. Chalk, Program Manager
Hydrogen, Fuel Cells & Infrastructure Technologies Program
Office of Energy Efficiency and Renewable Energy
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INTRODUCTION

Thisreport is asummary of comments from the Merit Review Panel at the FY 2003 Hydrogen, Fuel Cells &
Infrastructure Technologies Merit Review and Peer Evaluation, held on May 19-22, 2003, at the Claremont Resort
in Berkeley, California. The work evaluated in this document supports the Office of Energy Efficiency and
Renewable Energy and the results of this merit review and peer evaluation are major inputs utilized by DOE in
making its funding decisions for the next fiscal year. The objectives of this meeting were to:

Review and evaluate FY 2003 accomplishments and FY 2004 plans for DOE laboratory programs
and industry/university cooperative agreementsin HFCIT (Hydrogen Fuel Cells and Infrastructure
Technologies) and R& D that supports HFCIT development.

Provide an opportunity for program participants (hydrogen production manufacturers, hydrogen
storage manufacturers, fuel cell manufacturers, etc.) to shape the DOE-sponsored R& D program
so that the highest priority technical barriers are addressed. The meeting also servesto facilitate
technology transfer.

Foster interactions among the national laboratories, industry, and universities conducting the
R&D.

The Merit Review Panel members, listed in Table 1, attended the meeting and provided comments on the projects
presented. These panel members are peer experts from avariety of HFCIT -related backgrounds including national
laboratories, hydrogen production manufacturers, hydrogen storage manufacturers, fuel cell manufacturers,
universities, and other U.S. Government agencies. A complete list of the meeting participantsis presented as
Appendix A.

Table 1: Merit Review Panel Members

Member Name Affiliation

Salvador Aceves Lawrence Livermore National Laboratory
Radoslav Adzic Brookhaven National Laboratory
Shabbir Ahmed Argonne National Laboratory

Wade Amos National Renewable Energy Laboratory
Raymond Anderson Idaho National Eng & Environmental Lab
Michele Anderson Office of Naval Research

Donald Anton United Technologies Research Center
Timothy Armstrong Oak Ridge National Laboratory

Paolina Atanassova Superior MicroPowders

Carol Bailey ChevronTexaco

Richard Bechtold QSS Group, Inc.

Josette Bellan Jet Propulsion Laboratory

Thomas Benjamin Argonne National Laboratory
Theodore Besmann Oak Ridge National Laboratory
Douglas Blom Oak Ridge National Laboratory
Alexander Bogicevic Ford Motor Company

Rod Borup Los Alamos National Laboratory

Ken Butcher Porvair Fuel Cell Technology

Richard Carlin Office of Naval Research

Eric Carlson TIAX, LLC

Gerard Ceasar NIST Advanced Technology Program
William Chernicoff US DOT- Volpe Center
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Prashant Chintawar
William Clapper
Simon Cleghorn
Hongli Dai

Zissis Dardas
Emory DeCastro

Mary-Rose de Valladeres

Mark Debe
Gunther Dieckmann
Gary Dixon
Glenn Eisman
Erich Erdle
William Ernst
Edward Feinberg
Karl Fiegenschuh
Allison Fisher
Thomas Gibson
Karl Gross
James Hill
Shinichi Hirano
Susan Hock
Larry Hudson
Michael Inbody
Craig Jensen
Gilbert Jersey
Scott Jorgensen
Andrew Kaldor
John Kerr

David King

John Kopasz
Dennis Kountz
Theodore Krause
Ravi Kumar
Romesh Kumar
Daniel Loffler
Andrew Lutz
Leonard Marianowski
Tony Markel
Jennifer Mawdsley
James Miller
Theodore Motyka
Deborah Myers
S. R. Narayanan
Jim Ohi

John O'Sullivan
George Parks
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Nuvera Fuel Cells, Inc.

SunLine Transit Agency

W.L. Gore and Associates

DuPont

United Technologies Research Center

De Nora N. A., E-TEK Division

Virent Energy Systems

3M Company

ChevronTexaco

South Coast Air Quality Management District
Plug Power, Inc.

DaimlerChrysler

Plug Power, Inc.

Decision Support/Energy Consulting

Ford Motor Company

Motorola Labs

General Motors Corp.

Sandia National Laboratories

TechScope, LLC

Ford Motor Company

National Renewable Energy Laboratory
NIST

Los Alamos National Laboratory

University of Hawaii, Dept. of Chemistry
ExxonMobil Research and Engineering Company
General Motors Corp.

ExxonMobil Research and Engineering Company
Lawrence Berkeley National Laboratory
Battelle-Pacific Northwest National Laboratory
Argonne National Laboratory

Dupont

Argonne National Laboratory

General Electric

Argonne National Laboratory

IdaTech, LLC

Sandia National Laboratories

Gas Technology Institute

National Renewable Energy Laboratory
Argonne National Laboratory

Argonne National Laboratory

Savannah River Technology Center, Westinghouse
Argonne National Laboratory

Jet Propulsion Laboratory

National Renewable Energy Laboratory
Private Consultant

ConocoPhillips




Larry Pederson Pacific Northwest National Laboratory
Guido Pez Air Products and Chemicals Inc.

Walter Podolski Argonne National Laboratory

Roger Prince ExxonMobil Research and Engineering Company
Michael Quah US Army CECOM Fuel Cell Tech Team
Jerry Rogers General Motors Corp.

Phillip Ross Lawrence Berkeley National Laboratory
Tecle Rufael ChevronTexaco

James Seaba ConocoPhillips

Richard Silver Los Alamos National Laboratory

Ron Sims Private Consultant

Wayne Smith Los Alamos National Laboratory

Ken Stroh Los Alamos National Laboratory

Robert Sutton Argonne National Laboratory

Scott Swartz NexTech Materials, Ltd.

William Swift Argonne National Laboratory
Morse Taxon DaimlerChrysler

Levi Thompson
Pete Tortorelli
Susan Townsend
Francisco Uribe

University of Michigan, College of Engineering
Oak Ridge National Laboratory

General Electric

Los Alamos National Laboratory

Nicholas Vanderborgh Private Consultant

Gerald Voecks General Motors Corp.

Frederick Wagner General Motors Corp.

Robert Wegeng Pacific Northwest National Laboratory
Andrew Weisberg Lawrence Livermore National Laboratory
Douglas Wheeler UTC Fuel Cells

Keith Wipke National Renewable Energy Laboratory
Chris Wolverton Ford Motor Company

Chao-Yi Yuh Fuel Cell Energy, Inc.

Piotr Zelena Los Alamos National Laborator

SUMMARY OF MERIT REVIEW PANEL’S CROSSCUTTING COMMENTS/RECOMMENDATIONS
The Merit Review Panel members provided a number of comments and recommendations that apply to several of
the projects presented or to DOE’ s overall management of the HFCIT Program. These comments are provided in
Appendix B of thisreport. DOE will utilize these comments to improve both the program and future review
meetings.

ANALYSIS METHODOLOGY

Asshownin Table 1, atotal of 99 panel members participated in the merit review process. A total of 133 project
presentations were given at the meeting and atotal of 507 review sheets were received from the advisory panel
members (not every panel member reviewed every project). These members were asked to provide numeric scores
(on ascale of oneto four, with four being the highest) for five aspects of the research on their review form, a sample
of which can be found as an appendix to this report (Appendix C). The five aspects were:

Relevance to overall DOE objectives;
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Approach to performing the research and development;

Technical accomplishments and progress toward achieving the project and DOE goals;
Technology transfer and collaborations with industries, universities, and other laboratories; and
Approach to and relevance of proposed future research.

The numeric scores given to each project by the reviewers were averaged to provide the overall score for that project
for each of thefive criteria. An average score for the five criteriawas also calculated within each of the project
categories. Inthismanner, aproject’s overall score can be compared to other projectsin that category.

Reviewers were also asked to provide qualitative comments on the five research aspects, aswell as the specific
strengths and weaknesses of the project and any recommendations for additions or deletions to the work scope.
These comments, along with the quantitative scores, were placed into a database for easy retrieval and analysis.
These comments are summarized in the following sections.

ORGANIZATION OF THE REPORT

Thisreport isorganized in six sections, in an effort to group projects according the sub-program in which they fall in
the HFCIT Multi-Y ear Program Plan. Some sub-programs have been grouped together due to the recent
restructuring of the Program and overlapping project goals. A brief description of the general type of research being
performed in each category is presented.

The remaining pages of each section present the results of the analysis for each of the projects discussed at the merit
review. Graphs showing how the particular project compared with all other projects presented, aswell asa
discussion of these results. A summary of the qualitative commentsis also provided.
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SECTION 1: HYDROGEN PRODUCTION AND DELIVERY

This category includes projects that explore various pathways for the efficient production of low-cost hydrogen from
diverse domestic resources, including fossil, nuclear, and renewable sources, while minimizing environmental
impacts. It also includes projects that explore means of distributing hydrogen from centralized or distributed sites of
production to enabl e the introduction of hydrogen as an energy carrier for transportation and stationary power as
well as ensuring itslong-term viability. These efforts seek to achieve the following overarching milestones
established in the Hydrogen, Fuel Cells and Infrastructure Technologies Program Multi-Y ear Research,
Development and Demonstration Plan:

Hydrogen Production

- Reduce the cost hydrogen production from natural gas or liquid fuels to a price equivalent to $1.50 per
gallon of gas at the pump by 2010 from the current price equivalent of $5.00 per gallon.
Develop and demonstrate the production of hydrogen from biomass, currently costing $3.60-$3.80 per
kilogram, at a price of $2.60 per kilogram by 2010 and is competitive with gasoline by 2015.
By 2015, demonstrate direct water-splitting production of hydrogen at aplant gate cost of $5.00 per
kilogram photoelectrolytically and $10 per kilogram photobiologically from a current cost of more
than $200 per kilogram.

By 2010, verify large-scale central electrolysis at $2.00 per kilogram of hydrogen from the current
$2.60 per kilogram.

Hydrogen Delivery
- By 2010, reduce the cost of delivering hydrogen fuel from central production sites to refueling stations
to less than $0.70 per kilogram, and the cost of on-site movement and handling to less than $0.60 per
kilogram, and
By 2015, decrease the cost of hydrogen fuel delivery and on-site movement and handling to a
combined cost of below $1.00 per kilogram.
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http:3.60-$3.80

Project #1: H, from Biomass. Catalytic Reforming of PyrolysisVapors

Evans, Bob, NREL
Brief Summary of Project

In this project, NREL evaluated the production
of hydrogen from biomass by pyrolysis -
steam reforming for $2.90/kg by 2010 and its
barriers. Their milestone is to verify advanced
catalysts and reactor configuration for fluid
bed reforming of biomass pyrolysis liquid at
pilot scale with catalyst attrition rates of <
0.01%/day by the fourth quarter of 2009.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.75 for its
relevance to DOE objectives.

Project supports goals and objectivesin
EERE Hydrogen R&D Plan.

HYDROGEN PRODUCTION AND DELIVERY

Overall Project Score: 3.28

4.0

3.0

2.0

1.0

=YUIA el 3l

Maximum
Average I
Minimum

b
R

Relevance

Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This could become one of most economic processes at 500-1000 kg Hy/day for production from biomass,

depending on the contribution of by-products (char and adhesive).

By-products can be sold into existing markets (energy, centralized adhesives).
Thereisno evidence that H,, total cost statusis $3.80/kg in 2003 - this needs a preliminary economic evaluation

that supports that achievement.
Not responsive to 2005 goals.

This project iswell thought out and fully addresses the production of hydrogen from biomass. Biomassisa
cheap resource which in many cases goesto waste. Instead of having to spend resources to dispose of biomass,
the situation isreversed and the biomassis used instead as aresource. Because CO, sequestration isnot a
problem for biomass, the biomass-related projects are environmentally friendly.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Market barriers or lack thereof are addressed.

Reviewer does not believe technical feasibility of integrated process has been demonstrated.

Isthermal instability of pyrolysisoil a potentially fatal flaw? Reviewer believes that for continuous integrated
operation (months), pyrolysisoil will have to be more stable to avoid vaporizer, reformer feed distribution plate,
fluid bed, etc. from fouling.

Need to characterize oil vs. pyrolyzer operating conditions: Engler Question (Q) 2, Bullet (4): distillation,
olefin/aromatic analysis; functional group analysis (-OH, - COzH).

Will stabilization with MeOH improve operability?

Peanut shell orientation needs to be explored - reliance on one crop makes this a niche effort. Suggest a multi-
feedstock approach.

The approach is excellent. 1t focuses on the feasibility of demonstration.

The interaction with the modeling effort, and with the development of improved catalysts, addresses the
important issues of optimization and scaling, as well as that of issues associated with longtime operation.
Sound.

Real world.

May contribute to distributed reforming.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.38 based on accomplishments.

Scale-up of fluid bed processes in bubbling bed range mu st be carefully planned (data needed; how to acquire
them).

Reviewer recommends minimum reactor diameter of 3" to avoid s/v ratio of reactor phenomena as well as
fluidization gas velocity/residence time problems.

Catalyst testing can be done in smaller reactors.

The PI has shown feasibility for operation up to 84 hours. Foreseen problems associated with long time
operation (desired 1000 hours run) are being addressed.

Good progress reformer unit; improved H; yields.

Pyrolysis unit - flow rate seems low.

Good publications.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 3.25 for technology transfer and collaboration.

Recommend consultants with industrial experience in: 1) experimental design and scale-up of fluid bed reactors
(R.W. Pfieffer is still active) and 2) development of new fluid bed catalysts (J.R. Ebner).

Recommend conversations with United Catalysts and Davison companies with |ots of experience in developing
fluid bed catalysts.

Should coordinate with other pilots using similar methods but different feedstocks.

Thisisabuilt-in part of the project through the collaboration with the Clark Atlanta University, which runsa
reactor based on the utilization of peanut shells.

Good. Timing of transition to Clark Atlanta University seems appropriate.

Project enjoys goodwill in community - need outreach plan for students and community.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Circulating fluid bed (CFB) should be put on back burner until problems with bubbling bed systems are
resolved. If process won't work in bubbling bed, it most likely will not work in CFB, which is a more difficult
processto develop.

Should have amid CFB project review - possible accel eration of scale-up with BB.

The future activities are well outlined, with a decision to be made at the end of 2006. If the decisionisto go
ahead with the concept, the scaling of 10x would be greatly helped by the companion modeling effort at JPL.
Focus on Pl-identified pyrolysis design challenges in order to meet $2.90/kg H, goal by 2010.

Pursue fast fluidized bed, (rather than bubbling bed), recognizing that thisis aless conservative approach.

Strengths and weaknesses

Strengths
Has a good start on by-product utilization.
Strengths in concept, association with modeling, and technology transfer.
Good fit with other 2 NREL projects.

Weaknesses
Pyrolysis stream, unless characterized and stabilized, will be adifficult stream to reform in commercial fluid
bed processes.
Given the complexity of the concept, one cannot assign weaknesses at this point.
More information on coproducts, even in Phase 2, would be beneficial.
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Specific recommendations and additions or_deletions to the work scope

Recommend continued funding.

Additions to work: Pyrolysis oil characterization, pyrolysis oil stabilization, experimental design for fluid bed
scale-up/operation, more traditional fluid bed catalyst devel opment, use outside expertise to assist in above.
Delete: CFB until above items are well in hand, scale-up of fluid beds until above items are well in hand.
Continue as planned. Keep in close association with the modeling effort without which optimization and scaling
will be very problematic.

Add outreach component.

This story (George Washington Carver, peanuts, science, economic development potential) has educational
value beyond the worthy "Train the Trainers" approach.

Capitalize on synergy with other NREL biomass projects.
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HYDROGEN PRODUCTION AND DELIVERY

Project #2: H, from Post-Consumer Residues
Czernik, Sefan, NREL

Brief Summary of Project

Overall Project Score: 3.16 YU el Eal
This project explores the feasibility of “/Qggjgﬂguem E
producing hydrogen from renewable feedstock Minimum
to increase flexibility and improve economics 40 _ —_ —_ _

of biomass to hydrogen process. The goal isto
develop and demonstrate technology for
producing hydrogen at $2.90/kg by 2010. The 3.0 | ¢ n
approach being used is pyrolysis or partia
oxidation and steam reforming of biomass,
plastics, and other solid organic residues. 2.0

Question 1: Relevance to overall DOE
objectives 1.0 a

This project earned a score of 3.40 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments  Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project addresses the production of
H, from plastic wastes and trap grease, which are currently considered waste materials. Therefore, aliability
(plastic waste and trap grease) will be turned into all asset if the project is successful.

Not responsive to 2005 goals.

Needs to discuss emissions and possible toxic by-products of processing plastic and grease.

Project offers higher hydrogen yield for given feed rate to NREL's pyrolysis/reforming process. Could reduce
H, total cost when waste steams are co-fed with biomass as compared with biomass only.

The ease of reformation and transport could facilitate disturbed reforming.

Certainly relates asa"renewable" source of H,.

Question 2: Approach to performing the research and development

This project was rated 3.20 on its approach.

The project relies on well -known chemical path (steam reforming and water-gas shift) to transform hydrogen-
rich materials into hydrogen and CO,. The transformation is proposed to be performed in a fluidized bed where
pyrolysis and reforming will occur concurrently.

Doesn't address barriers except as milestones. What might keep the project from achieving the milestones?

No discussion of cost breakdown of $2.90/kg goal.

Needs to be compared to other processes such as conversion to diesel, or other feedstocks such as agricultural
biomass.

Market barriers do not appear to be issue.

What constitutes "demonstration of technical feasibility"?: fixed bed NG reforming catalysts last 10+ years,
commercial fluid bed catalysts last 1-2 years, 1000 hr stable run with no lossin fluidization properties activity,
sensitivity, attraction resistance would be desirable, and characterization of pyrolysisoilsis essential.

Good targets.

Reasonabl e to seek opportunities to co-process feedstocks.

It's areasonable approach to obtain H, by pyrolysis and reforming of waste polymeric materials that are
relatively clean hydrocarbon sources, which makes it more technically feasible than using natural biomass
sources. That is, providing that the waste plastic materials can be collected at sufficiently low cost to function as
economical feedstocks for this process.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.40 based on accomplishments.

This project wasinitiated in FY 02.

For the generic polypropylene, runs of up to 10 hrs have been performed showing 80% of stoichimetric
recovery of H,. For trap grease, runs of 180 hours show between 40% and 60% yield.

This seemsto be a start-up project, with the first results coming later thisyear.

Preliminary works of calculation of possible market size, feedstocks, etc.

Has demonstrated concept of pyrolysis/reforming of polypropylene (PP) and reforming of trap greases using an
alpha-version of NREL fluid bed reforming catalyst.

Large potential global market opportunity - needs clarification, quantify PP within universe of plastics.

Good resultsto date.

The work has provided good results for the pyrolysis/reforming of polypropylene, a"clean” fuel. But there
appears to be adiminishing H, yield with time from reforming trap grease which contains N, S and very likely
also trace elements which can affect the Ni catalyst.

Thisisthereal challengein any H, from biomass process which only one speaker (P. Irving of Innova Tec)
seemsto have seriously addressed.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.00 for technology transfer and collaboration.

There are publications and other collaborative interactions.

Would recommend getting help from consultants with industrial experience in scale-up/commercialization of
fluid bed thermal and catal ytic processes.

Pursue collaboration for future sector entity.

Collaborated with Pacific Biodiesel — atrap grease material source.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.80 for proposed future work.

Thework isearly initslifeline.

The proposed future research is reasonabl e and should also incorporate the understanding of the physics leading
to aderivative of long-term performance.

Needsto explore possible exit points.

Currently organized in parallel tracks.

Chlorine, which would form in pyrolysis of PVC, is agood gas phase, non-selective, chain-carrying catalyst.
Could lower process temperature by 50 — 100°C. May want to dilute chlorine by co-processing PV C with PP.
Also check reactors and process lines for corrosion when using PV C. Watch out for effect of chlorine on the
reforming catalyst.

Objectivesfine.

Ensure readiness for tech transfer.

Determine cause of catalyst deactivation.

Theintended future development of this technology for the pyrolysis of more complex (and hence "dirtier")
feedstocks will require the development of "heteroatom”, S and P resistant catalysts or better techniques for the
removal of these species prior to the catalytic reforming step.

Strengths and weaknesses

Strengths
WEell thought out project; very knowledgeable PI.
Excellent presentation.
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Weaknesses
Although not aweakness at this point, the Pl should seek to understand the progress of the deterioration of the
long-term performance.

How to deal with S, P and other naturally occurring contaminantsis clearly a generic challenge for any biomass
based H, process and should be the key barrier to attack with continued research.

Specific recommendations and additi ons or deletionsto the work scope

The work will be enhanced by the addition of a modeling component.

Recommended continued funding.

Co-processing biomass and PV C could form dioxins- need to test char and waste water streams. Also need to
check for PA Hs and chlorinated PAHs in waste stream runs. Also don’t forget about polymer
additives/modifiers such as plasticizers, flame retardants, processing aids, etc.

Make sure you don't create an environmental problem.

Investigate cause of catalyst deactivation (phosphorous theory,etc).

Techno-economic analysis needed.

L ook to closer cooperation with industry.

Capitalize on synergy with other NREL biomass programs.

Thiswork should be complemented by an economic analysis of the process including the cost of gathering and
collecting the feedstocks. The analysis should include an estimate of the energy efficiency of the process
calculated on the basis of the calorimetrically determined heating value of the feedstock and the yield of H,

product.
Recommendations on how this overall energy efficiency could beimproved by an integration of unit operation
in the process.
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Project #3: Fluidizable Reforming Catalysts
Magrini, Kim NREL

Brief Summary of Project

The objective of this project conducted by K.
Magrini and colleagues from NREL is to
develop and demonstrate the technology to
produce hydrogen from biomass at $2.90/kg
based on 750t/day by 2010 and to make it
competitive with gasoline by 2015. Their
approach is to identify the best industrial
reforming catalyst; identify the aluminas for
use as catalyst support: and formulate,
evaluate and optimize multifunctional,
multicomponent catalyst. To date they have
developed novel fluidizable reforming
catalysts with CoorsTek ceramics and
improved reforming activity.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.50 for its relevance to DOE objectives.

HYDROGEN PRODUCTION AND DELIVERY

Overall Project Score: 3.40
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Thiswork is crucial to the success of project 1 and 2, through the development of improved catalysts for
utilization in converting biomass, plastics, and trap grease to H, viafluidized bed reforming.

No discussion of 2005 objectives.

No quantification of contribution to achieving 2005 goals.

Quantification of saving over conventional technology in terms of $/kg H,.
Discovery of catalysts system that supports multiple fuelsisaworthy goal asit isanecessary enabler for

biomass feeds supply reliability.

Project isto develop catalyst for akey step in the process targeted to meet goals and objectivesin EERE H,

R&D plan.
High.

Question 2: Approach to performing the research and development

This project was rated 3.50 on its approach.

An assertive approach isin progress to develop improved catalysts.

Might benefit from collaboration with combinatorial discovery projects.

Market barriers do not appear to be an issue.

Development of a new-to-the-world commercial grade fluid bed catalyst for a new high temperature process
(fluidized bed reforming) using anot very well characterized thermally unstable variable composition feedstock
isavery difficult technical challenge.

Ms. Magrini has made a significant advance in getting to candidate no. 1.

| believe significant work remains before a"commercial grade” catalyst can be developed. Even then, some
conditioning of the feed (pyrolysis oil) will most likely be required.

Solid approach.

Search for new catalysts for lower reforming temperatures and eval uation of renewabl e feedstocks are important
industry concepts.

Stable catalyst system needed in fluidized bed system.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.33 based on accomplishments.

Operation with catalyst have been performed for up to 25 hrs.

Results consistent with expectations.

Further success would enable goals to be achieved.

Need performance indicators on yield, selectivity, activity, rate of overall activity loss, rate of activity loss for
specific reactions, fluidization data, PSD optimization, attraction resistance change with OST, regenerations,
etc.

Progressin reforming activity.

Longevity of catalystsisan issue.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 3.33 for technology transfer and collaboration.

Theinteraction with projects 1 and 2 ensure that the Pl addresses the right problems.

Other collaborations and tech transfers are listed.

Coordination with other materials research projects would be useful.

Reviewer recommends using outside consultants and catalyst companies (United Catalyst, Davidson, etc.) with
experience in developing and commercializing fluid bed catalysts.

Investigative assistance from industrial catalyst devel opers and universities needed.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.33 for proposed future work.

All future milestones seem reasonable.

Quantification of future goals would be useful.

Rapid screening and accel erated testing of catalyst compositions are critical capabilities.
Accelerate screening approach work for deactivation analysis.

Strengths and weaknesses

Strengths
Client-oriented research with well defined goals.
Dynamic and knowledgeable PI.
Excellent presentation.

Weaknesses
Needs to address the issue of long term operation.
Include techno-economic analysis with feedstock eval uation.

Specific recommendations and additions or deletionsto the work scope

Continue asis, with the addition of the long-term operation as an important goal .

Recommend continued funding.

Recommend using diphenols (e.g. resorcinol) as model compound.

Probably should look at the combinations of model compounds to more closely simulate reactive groupsin
pyrolysisoil.

Seek industry (user) input and cooperation on low temperature catalyst devel opment.
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HYDROGEN PRODUCTION AND DELIVERY

Project #4: Biohydrogen Production from Renewable Organic Wastes
Sung, Shih-wu, 1SU

Brief Summary of Project

Overall Project Score: 2.80 YU el Eals
lowa State University studied the Biohydrogen oo E
production from renewable organic wastes by Minimum
identifying and quantifying the hydrogen- 40 —_ —_ _

producing bacterial population in a complex
microbial community background, developing
different strategies for selective growth of 3.0 o} ;
hydrogen producing bacteria (e.g. heat
selection and pH control) in a mixed culture
environment and optimizing the process to 2.0
achieve sustainable hydrogen production in
continuous flow bioreactors.

1.0 o
Question 1: Relevance to overall DOE
objectives
. . . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
This project ear ned a score of 2.67 for its o | Progress Collaborations Future Research

relevance to DOE objectives.

No indication that process can come close to goals and objectives of EERE hydrogen R&D plan.

An important component.

Nearest bio approach to commercialization. But not very 'new' - aclinical approach with similar work in other
countries.

Question 2: Approach to performing the research and development

This project was rated 2.67 on its approach.

It's the reviewers experience that negative value streams become more valuable when thereis a use for them
that makes money.

Perhaps hydrogenases would be useful in some other more efficient systems.

Generally good program.

"Naturally occurring" approach.

Very reasonable; addresses key barrier.

Good feedstock selection.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

Terminal Restriction Fragment Length Polymorphism (T-RFLP) is adated approach.

The program in molecular biology should allow more direct approaches at least occasionally.

Although far from goal, good results and progress to date (e.g. purification process, identification producer,
consumer organisms).

Question 4: Technoloqgy transfer/collaborations with industry, universities and other laboratories

This project was rated 3.00 for technology transfer and collaboration.

Would hydrogenases present in this system be useful in another biosystem?
The team has plenty of experience with commercializations.
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Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.
Project results do not warrant going to pilot scale design and installation.

Strengths and weaknesses

Strengths
Naturally occurring approach.

W eaknesses
Under funded?

What is the theoretical maximum yield for hydrogen from system? It was indicated that the yield of H, from
sucroseis 2 - 3 moles/mole sucrose which corresponds to 0.66 - 1.0 kg H, per 60 g sucrose.

Even at best thiswill be an inefficient way of making H, - most of the H, in the waste does not get liberated as
H, gas.

Specific recommendations and additions or_deletions tothe work scope

If the expected yield is only less than or equal to 1.0 kg H,/60 kg sucrose, | recommend not funding the project
unless the hydrogenases would be useful in a biophotolysis system or amore efficient bacterial system.

Needs creative thoughts to go from 2H, per glucose to near the 12 available.

Add techno-economic analysis.
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HYDROGEN PRODUCTION AND DELIVERY

Project #5: Biological Water Gas Shift
Maness, Pin-Cing and Wolfrum, Education, NREL

Brief Summary of Project

Overall Project Score: 3.23 VA e £l
In this project, NREL studied the overall ’\/f‘\\zli::g;]uemE
biological CO shift pathway, improved the rate Minimum

and durability of H, production from CO, 40 —_ —_ —_ —_
developed and operated a bioreactor in order
to develop a biologica water gas shift

pathway. 3.0 o]

Question 1: Relevanceto overall DOE
objectives 20 | 1

This project earned a score of 3.67 for its
relevance to DOE objectives. 10 -

A good niche project that should allow a

bio commercialization. ,
.. Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
No competition to my knowledge. | Progress Collaborations Future Research

Project shows economic potential asa
processing step that could help meet goals and objectives of EERE hydrogen R& D plans.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.

Good to see real goalsincluding higher preview operation.
No market barriers.

Success story.

Both engineering and biological approaches sound.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.33 based on accomplishments.

Good solid program.

Addressed suggestions/comments of past reviews.

Organism with great potential.

Excellent lab and scale up work. Significant accomplishments.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.83 for technology transfer and collaboration.

Apparently agood opportunity in refinery.

Transfer to other organizations for H, production should be pursued.
Istransfer of hydrogenize enzyme system from R. gel worth trying?
Industry could have growing role opportunities?
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Question 5: Approach to and relevance of proposed futur e resear ch

This project was rated 3.00 for proposed future work.

L ooks as though thisis coming to an end.
The two stage fermentati on/photo fermentation concept should be explored.
Focus on hydrogenase from clostridium into blue green algae as planned.

Strengths and weaknesses

Strengths
This has been along-running project. Good to see the current investigations doing such agood job of
collaborating.
Thisis aone stage process and |ow temperature.

Weaknesses
None specified.

Specific recommendations and additions or_deletions to the work scope

Should be planning a quite different project for 2004. This should end soon!
Recommend funding.
Outreach on success story.
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Project #6: Thermocatalytic CO,-free Production of H, from HC Fuels

Muradov, Nazim, Florida Solar Energy Center
Brief Summary of Project

In this project, the Florida Solar Energy Center
is working on developing a thermocatalytic
process for the production of CO,-free
hydrogen from hydrocarbon fuels and
improving its efficiency while reducing the
cost of production. The steps taken in this
project is to design, fabricate and test a bench-
scale thermocatalytic reactor for CO/CO,-free
production of hydrogen-rich gas and carbon
products, determine the effect of heavy
hydrocarbons, moisture and sulfur compounds
present in commercial hydrocarbon fuels on
the process efficiency and the catalyst
activity/stability and characterize carbon
products of the process and evaluate their
application areas and market value.

HYDROGEN PRODUCTION AND DELIVERY

Overall Project Score: 2.83 YU el Eals

4.0

3.0

2.0

1.0

Maximum
Average E
Minimum

Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Question 1: Relevance to overall DOE objectives

This project earned a score of 2.80for its relevance to DOE objectives.

Project addresses CO, emissions, which is critical in the success of any fossil based reforming.
Needs to evaluate the utilization of CH,4 vs. reforming.

Appears to solve one problem at the expense of another (CH,4 availability). Particularly problematic if
renewable (carbon neutral) sources are used.

Good project.

Question 2: Approach to performing the research and development
This project was rated 2.60 on its approach.

This project relies heavily on favorable commercial use of the carbon byproduct. This makesit not suitable for
distributed H, product as aresult.

Could benefit by analyzing (techno economic or other) how in ahighly distributed generation the carbon will be
recovered and used.

Project has not fully analyzed or demonstrated life cycle benefit vs. centralized steam reformation and
sequestration or CO, conversion.

No external catalyst may be required. Several forms of carbon may be produced as a byproduct that could be
sold to reduce the price of production.

A very interesting self-catalyzed pyrolytic decomposition of methane to carbon and hydrogen has been
developed and the process has been tested in a 1kW pilot plant. Its economic value — the ultimately attainable
cost of Hy, critically depends on the assigned worth for the very significant carbon by-product.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Good progress made on effect on contaminants (H,O, S) and carbon catalyst activation.

The Pl addressed renewal issues related with the catalyst activity: activation, moisture, and sulfur presence.
Operation of up to 4 hours has been performed.

Need to compare against H, production benchmarks and milestones.
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Excellent technical accomplishments, resulting in an H, producing process that really works. But the arguments
with what to do with the carbon by-product were not at all convincing. To just state that the carbon from alocal
H, generating site can be trucked and that the cost of thisis"negligible" is simply not realistic.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.25 for technology transfer and collaboration.

Excellent collaboration and effort.

A good mix of expertise.

There are two publications, Nuvera's conference presentations and 3 patent applications.
Not clear if there are external collaborations.

Needs "cooperative integration” with large scale carbon uses e.g. aluminum manufacturers.

Question 5: Approach to and relevance of proposed future resear ch

This project was rated 2.50 for proposed future work.

Use of biomass feed may be adiversion. Aim for acentralized H, plant, not distributed.

The proposed research seems somewhat overly optimistic given the product results.

Not clear asto what barriers are and how they were being addressed.

There should be not only technical but also economi c analysis milestones which envisage a use scenario for the
technology.

Strengths and weaknesses

Str

engths

Inexpensive catalyst.

Proved easy activation of the carbon catalyst.

Good concept and dedicated PlI.

Nice approach to CO,-free production of H, without gas sequestration.
A clean production of H,.

W eaknesses

Reliance on favorable carbon usage.

The Pl seems to have contracted the modeling component and presented results whose relevance he did not
understand.

Some of the modeling results did not make much sense.

No realistic convincing scenario of what would be done with the by-product carbon, discerning the real cost of
C disposal and use.

Specific recommendations and additions or_deletionsto the work scope

Consider integration with gasification process.

Need to understand the physics of the situation and be more critical towards his own results.

Need to be morerealistic in plans and expectations.

Develop specific realistic scenarios of where and how this technology would be used and its potential cost. For
example: Itsintegration with carbon black manufacturers (mostly a C product for rubber tires) and for anodes
for the aluminum industry.
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HYDROGEN PRODUCTION AND DELIVERY

Project #7: Novel Catalytic Fuel Reforming Using Micro-Technology with Advanced Separ ations Technology
Irving, Patricia, InnovaTek

Brief Summary of Project

Overall Project Score: 2.72 YU el Eals
The goal of this project by InnovaTek, Inc. is “/Qggjgﬂgg}m E
to produce pure hydrogen from infrastructure Minimum
fuels using cost-competitive, highly efficient 40 —_ —_ _

catalytic steam reforming and membrane
separation  technology by  optimizing
InnovaTek’'s proprietary steam reforming 3.0 o}
catalyst  composition,  optimizing the
hydrogen-permeable membrane composition
and operating procedures, developing efficient 2.0
thermal management using microchannel heat
exchangers and an internal bumer and
integrating processes and components to 10 T
achieve smallest size and most efficient
thermal management.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed

Question 1: Relevanceto overall DOE | Progress Collaborations Future Research
obj ectives

This project earned a score of 3.00for its relevance to DOE objectives.

Prevention of cokingis the best value of R&D.

Project attempts to address feed pre-treatment, reforming, separation which are all key areas in the EERE plan.
Excellent concept. Well thought out.

Efficiency targetsaretoo low.

Fuel sulfur targets do not need to be so high, given market fuel content in 2007.

Question 2: Approach to performing the research and development

This project was rated 2.25 on its approach.

Volume and weight coupled with low (1 kW) power may be lagging other efforts and are prohibitive for many
applications.

Program needs to demonstrate a roadmap to achieve substantial size and weight reduction.

Objectivestoo broad.

Should drop NG reforming objectives and stick to diesel reforming.

System is more suitable for liquid fuel reforming due to the small power design.

Good approach. The important issues seem to be addressed.

It isdifficult to check the details which are not provided (e.g. modeling of processesin microchannels).

It should be integrated with other fuel processing activities. Little novelty.

Should use market fuel; not doped fuel and you will see different results.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

System istoo complex for aportable APU.

The Pl ison track and goes assertively after the goals.

Long term natural gas reforming tests have been performed for up to 1100 hours.
Efficiency targets are too low.
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Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.00 for technology transfer and collaboration.

Associations with universities and national material |aboratories are noted, as well as two presentations.
Question 5: Approach to and relevance of proposed futureresearch
This project was rated 2.67 for proposed future work.

Decision points are not well-defined.
A beta prototype is proposed for testing in FY 04.
Needs more realistic efficiency targets.

Strengths and weaknesses

Strengths
Progressin system integration.
Well thought-out project.
Knowledgeable PI.

Weaknesses
Objectives are too broad.
No details on the models are provided, particularly publications from the university collaborations. Their impact
to the project isunclear.
Little novelty; technical approach should be modified asindicated.

Specific recommendations and additions or_deletionsto the work scope

Limit goalsto diesel reforming and smaller power.
Address the potential plugging of the microchannel pores to the performance of the reformer.
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HYDROGEN PRODUCTION AND DELIVERY

Project #8: Engineering Development of Ceramic Membrane Reactor Systems for Converting Natural Gasto
Hydrogen & Syn Gasfor Liquid Transportation Fuels
Chen, Christopher, Air Products & ChemicalsInc.

Brief Summary of Project

Overall Project Score: 3.40 e
In this project, Air Products and Chemicals, etage E
Inc is working towards developing a ceramic Minimum
membrane reactor system for converting 40 - - -_ _

natural gas to hydrogen and synthesis gas for
liquid transportation fuels. The reactor is
intended to be scaled up through pilot-scale 3.0 o]
testing and precommercial demonstration.
Technical, engineering, operational and

economic data  necessary for full 2.0 i a
commercialization are being collected and
analyzed.
1.0 —

Question 1: Relevance to overall DOE
obj ectives

) . ) Rel A h Tech Accomplishments  Tech Transfer/ Proposed
This pI'OjeCt earned a score of 3.67 for its eevance pproac | Progress Collaborations Future Research

relevance to DOE objectives.
This project isvery critical to realizing the H, economy.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.

Needs to address natural gas pre-treatment, performance, and wafer stability. There are issues with
contaminants.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.50 based on accomplishments.
This project has shown important progressin many areas, especialy the critical ceramic-to-metal seal issues.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.50 for technology transfer and collaboration.
Excellent mix of partners in place.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.
Should include impurity tolerance tests for the wafers and catalysts.

Strengths and weaknesses

Strengths
Well thought out approach.
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Excellent collaboration with partners.
Novel approach and has made good progress toward targets.

Weaknesses
None specified.

Specific recommendations and additions or _deletionsto the work scope

Consider testing the ceramic-to-metal seal under more drastic conditions (e.g. larger change in pressure or
change in temperature).
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HYDROGEN PRODUCTION AND DELIVERY

Project #9: Integrated Ceramic Membrane System for H, Production
Schwartz, Joseph, Praxair

Brief Summary of Project

Overall Project Score: 2.67 YU el Eals
In this project, Praxair, Inc. is working on “f\ggjgﬂguemE
developing an integrated ceramic membrane Minimum
system for hydrogen production. The objective 40 —_ —_ —_

of this project was to perform technoeconomic
feasibility analysis for the system and define
the development needed to prepare the concept 3.0 o}
for pilot testing and demonstration.

Question 1: Relevanceto overall DOE 2.0 m
objectives
This project earned a score of 3.33 for its L0 T

relevance to DOE objectives.

The proj ect addresses Important steps Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
towards DOE Ob] ectives. | Progress Collaborations Future Research

Question 2: Approach to performing the research and dewelopment

This project was rated 2.50 on its approach.

Have not made much progress.

Program would benefit by partnering with competent and experienced ceramic processing and or materials
engineers.

Having the OTM & HTM reactors separate is good in that the system is simplified and easily understood. Itis
not clear whether the OTM reactor development is part of this scope.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.00 based on accomplishrrents.

No significant data.
Deliverables not aggressive enough (however, the amount of resources/budget was not provided).

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 2.50 for technology transfer and collaboration.

May need to extend partnership.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Not clear what phase 1 and phase 2 are in terms of milestone deficiencies.

The deliverables, with respect to the HTM alloy or substrate, should include specific material properties
(physical and chemical).

FY 2003 Merit Review 24
and Peer Evaluation



Strengths and weaknesses

Strengths
L ess complicated approach.

W eaknesses
Lack of hard data.
Objectives may be abit soft.

Specific recommendations and additions or deletionsto the work scope

Consider adding partners to help the remaining areas (pretreatment and reforming).
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HYDROGEN PRODUCTION AND DELIVERY

Project #10: Low Cost H, Production Platform
Aaron, Tim, Praxair

Brief Summary of Project
Overall Project Score: 2.95
In this project, Praxair, Inc. is working towards
the development of a low cost hydrogen
production platform. Their efforts include 40 - _
defining process/equipment concepts and
developing preliminary designs suitable for
mass production o a small on-site hydrogen 3.0 s
system, performing a technoeconomic study
and developing business cases regarding the
viability of the development project. They are 2.0 L
using steam methane reformer and purification
process technologies as the basis to evaluate
different systems and identify the system most L0 T
likely to be commercially viable when mass
produced.

=YIA sl Edls

Maximum
Average E
Minimum

Relevance Approach Tech Accomplishments ~ Tech Transfer/

Question 1: Relevanceto overall DOE | Progress Collaborations

Proposed
Future Research

objectives

This project earned a score of 3.13for its relevance to DOE objectives.

This project should provide important feed-back to other projects that also consider individual sub-systems

(catalyst, reformer, integration, infrastructure, auto industry, etc.).

Question 2: Approach to performing the research and development

This project was rated 2.63 on its approach.

Work would benefit if it involved the compression and storage inits analysis and potentially as part of

reintegration system.
Does not address codes and standard citing issues.
Itisdifficult to understand why Phase 1, as described, should precede Phase 2.

Before assessing economics, it seems that a model is necessary. Techno-economical analysis should be done

only after it is proved that the concept really works.
Very good overall system and sub-systems breakdown.

Question 3: Technical accomplishments and proaress toward project and DOE goals

This project was rated 3.00 based on accomplishments.
Good understanding of component and system design options.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

Not presented in a specific manner.
Three different organizations participate.
Should identify catalyst supplier soon.
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Question 5: Approach to and relevance of proposed future resear ch

This project was rated 3.00 for proposed future work.
It seems that modeling and techno-economical analysis activities should have been inserted into timeline.

Strengths and weaknesses

Strengths
Good cost and system breakdown of components.

Weaknesses
None specified.

Specific recommendations and additions or_deletionsto the work scope

Consider partnership with energy company or infrastructure based company.
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HYDROGEN PRODUCTION AND DELIVERY

Project #11: Defect-free Thin Film Membranes for H, Separation & |solation

Nenoff, Tina, SNL
Brief Summary of Project

In this project, SNL is working towards
synthesizing defect-free thin film membranes
for H, separation and isolation which can be
replace existing expensive and fragile Pt
catalysts. This work includes testing the
separation of light gases through the
membranes and demonstrating effective light
gas separations and commercialization
potential of zeolite membranes. SNL is
modeling the permeation of light gases
through  various frameworks/pores  for
optimized performance and validating the
model with actual permeation data obtained
through tests on unique in-house permeation
unit.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.40for its relevance to DOE objectives.

Overall Project Score: 2.87 W g

4.0

3.0

2.0

1.0

Maximum
Average E
Minimum

Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Therelevanceisvery high, if ahighly efficient and selective membrane separation can be found to purify

hydrogen.

H, separation effort is critical in light of the fact that most feasible H, production methods today are from fossil

based fuels.

Membrane development and fabrication for H, separation is potentially a future-enabling technology that can be

used in H, manufacturing processes.

Question 2: Approach to performing the research and development

This project was rated 2.60 on its approach.

Could benefit from analysis or demonstration of scale-up.
The intended approach is clear, but not how zeolites will do thejob.

Size exclusion does not seem possible with the materialsthey are using. Thisis evident in the separation data
provided. If the separationisviaachemical interaction, an explanation should be provided.
The "defect-free” aspect of the membranesis not clear. How important isit for the materials to be defect-free?

How will this affect manufacturing cost?
Targets are not clearly defined.

Inorganic permsel ective membranes in the form of zeolite thin films have been prepared which generally show
some as yet very limited separation selectivity for Hy vis-a-vis most heavier gases. Permeation data for SFs
shows that there are no pin holes (defects) in the test membranes. Thisisin itself is an important
accomplishment but for the systems to be practically useful, the synthetic approach has to be further improved

to enable the realization of the much needed higher selectivities.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

It appears that good progressis being made in developing the films of zeolites. Thisisadifficult task.
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Crystalline alignment is critical. However, the presentation glossed over details and should have referenced
work done by others where relevant.

Good work in physical property study of the membranes.

There has been good progress in synthesizing the test membranes, which in experiments with single gases, show
potential selectivity for H, separations. Asthe Pl also noted it's important to also perform the testing with mixed
gasfeeds.

A key finding is the generally higher permeance of CO, versus H,, the opposite of what would be expected on
the basis of these molecules relative sizes and is based on a surface flow phenomena on the more strongly
adsorbed COs..

It'simportant in terms of practical applications since it is fundamentally more efficient to remove the minor
component (CO,) from a Hp-rich feed stream, asin fact is doneindustrially using acid gas sorbents.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

Too early on in the project.
Some linkages with potential manufacturers e.g. Pall.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.67 for proposed future work.

Needs a better definition of their future approach and how current results can be improved. Too many different
material s were suggested to coherently follow what isthe most promising and why.

Should focus on improving existing membranes.

Reasonabl e plans for the synthesis of more selective membranes.

Suggest exploiting the discovered selectivity of CO, vs. H or at least understanding it better from a knowledge
of the CO, adsorption isotherm in the membrane material and modeling using the well -known methods of R.
Barrer for "surface flow" membranes.

Strengths and weaknesses

Str

engths

Very relevant area, novel work, not many others pursuing this approach.

Good membrane materials screening plan.

Outstanding presentation and enthusiasm.

Good technology to continue research.

The strength of the program isin its ability to deliver inorganic membranes which should be stable at severe
process conditions where most polymers would not survive.

Weaknesses

Membranes have not been tested under any realistic condition. Testing needed with reformatted steam-content,
CO, and H,S.

The plausibility that this approach has a good chance of success has not been provided.

Possible side-tracking. Too many parallel tasks may lead to lack of focus on the main goal.

The challenge (but not afundamental weakness) liesin " honing" the synthetic techniques to yield membranes
which display much higher selectivities— at least greater than 10 and preferably 100+ which will be required for
their industrial application.

Specific recommendations and additions or_deletions to the work scope

These membranes need to be tested with realistic steam content, sulfur, etc. and at temperatures reasonable for
systems. Until testing under realistic conditions, hard to know whether anything is being accomplished.
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Define specific materials and methodology to separate CO, from H,.
Consider looking into membrane performance effectsin presence of nitrogen (may be N,/H, mixture) since

most reformate gas streams will have N, in them.
Consider improving permeation rates to match H, delivery demands.
Needs more focus on targets.
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HYDROGEN PRODUCTION AND DELIVERY

Project #12: Maximizing Photosynthetic Efficiencies and H, Production in Microalgal Cultures

Melis, Tasios UC Berkeley
Brief Summary of Project

In this project, in order to maximize the
photosynthetic efficiencies and H, production
in Microalgal cultures, the University of
California at Berkeley developed genetically
engineered microalgae  with  enhanced
photosynthetic solar conversion efficiencies
and biomass/hydrogen production capabilities
under mass culture conditions. The approach
adopted was to apply DNA insertional
mutagenesis and screening in the model green
aga Chlamydomonas reinhardtii for the
isolation of ‘truncated Chl  antenna
transformants and apply biochemical, genetic
and molecular analyses of the transformant
cells, followed by DNA sequencing to identify
genes that confer a 'truncated Chl antenna
Size.

Question 1: Relevance to overall DOE objectives

Overall Project Score: 3.33

4.0

3.0

2.0

1.0

=YIA sl Edls

Maximum
Average E
Minimum

Relevance

Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 3.33for its relevance to DOE objectives.

Project, in collaboration with NREL, has taken a giant stride toward making biophotolysis of water an attractive

alternative for large scal e hydrogen production.

Reducing antenna size is needed for any effective use of microalgae, so the success of this project will impact
not only H, products, but also other alternative uses of the organism, including sequestration, waste treatment,

and other biofuels.

This supports ongoing efforts in photobiologic H, production. Thisisalong term effort and therefore does not
correlate well with individual targets and goals but is consistent with the overall program plan.

Question 2: Approach to performing the research and development

This project was rated 3.67 on its approach.

Project focused on major technical barrier of wasteful absorption of light by a surface algae which is dissipated
as heat. Light could not penetrate to subsurface algae.
Thisis an appropriate approach and the new mutant indicates thereis still progress to be made.

The approach iswell thought out and appears to address most of the immediate and near-term barriersin this

area.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.33 based on accomplishments.

Effective penetration of light is now up to 15 cm, with potential for even deeper penetration in algae bed.
Modified algae are much more amendable to photobioreactor or shallow pond systems.

Good progress.

Future direction and objectives appear to be well thought out.
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Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.33 for technology transfer and collaboration.

Professor Melis has a close collaboration with NREL and, if project proposed by ORNL is approved, then
collaboration with ORNL would also be appropriate.

More work isgoing on in Japan than isindicated in 4B.

Pl appears to be making a good effort to collaborate with NREL and othersin thefield and thisisto be
encouraged.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

I's automated | aboratory equipment available that would be of significant help in moving project forward?

Is cost and effectiveness easily justified?

Well integrated scientific approach.

Thisisalong-term program in which specific goals have been set for future work that need to be maintained
otherwise work may go on indefinitely.

Strengths and weaknesses

Str

engths

The three biohydrogen (microalgae) projects are very synergistic.

This one has the broadest applicability.

The identification of aregulatory geneis potentially very exciting scientifically.

Very good approach but thisislong-term high risk R&D and even if successful it may not affect near term H,
production goals (2015).

Thiswork might be a better match for office of science.

W eaknesses

None specified.

Specific recommendations and additions or deletionsto the work scope

Project should be funded at optimum level for timely progress.

Aslong asthere remains hope that microal gae can offer arealistic amount of Hy, work like this should be
pursued.

Encourage continued collaboration with others (NREL) in this area.
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HYDROGEN PRODUCTION AND DELIVERY

Project #13: Reformer Model Development for Hydrogen Production
Bellan, Josette, JPL

Brief Summary of Project

Overall Project Score: 2.27 YU el Eals
In this project, the California Institute of “gggjgguemi
Technology is developing a reformer model Minimum
for hydrogen production. The model is 40 —_ —_ —_

intended to be free of empiricism, as much as
possible. The approach of the project is to
resolve all scales of the flow in asmall domain 3.0 o}
to understand the physics of the drop/flow
interaction, develop small-scale and large-
scale models and finally validate the models 2.0 i
with experimental data.

Question 1: Relevanceto overall DOE 10 m
objectives

This project earned a score of 2.00 for its ,
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

Work needs to be more directly tied to actual reformer design and data.

This project has the potential to solve a critical problem in the development of low cost hydrocarbon reformers.
In order to improve fuel economy, the fuel must be vaporized and mixed in a heated (up to 500°C) steam/air
stream in a minimum amount of space and time.

Development of amodel for full boiling range fuels could be very helpful in designing an optimum system. The
one drawback is that the model may not arrive in time, and the simple empirical solutions may already be well
established.

The goal isoverly ambitious and the probability of successislow.

Question 2: Approach to performing the research and development

This project was rated 2.67 on its approach.
The approach does address some barriers with respect to reformer efficiencies but the approach is very
fundamental and itsimpact on actual reformer effectsis still a question.
Too much reliance on computational methods without empirical verification.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.33 based on accomplishments.
Good progress made on model but the program needs to be applied to real systems.
Project appears to be on track.
Itisdifficult to see how their project will contribute to reformer design.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 2.00 for technology transfer and collaboration.

Needs more collaboration with equipment designers and manufacturers.
To be outstanding, the researchers need to coordinate with companies (industry) developing fuel reformers.
No collaboration noted with companies that might meke reformers.
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Question 5: Approach to and relevance of proposed future research

This project was rated 2.33 for proposed future work.

Needs more collaboration with equipment designers and manufacturers.
No defined decision point.

Strengths and weak nesses

Strengths
This project has the potential to be very useful, if it arrivesin time and islinked to real fuel reformer designs.
Computational methodologies.

Weaknesses
No end point in sight that would lead to development of more efficient/lower cost reformers.

Specific recommendations and additions or_deletionsto the work scope

Needs more interaction with designer and equipment manufacturersto seeif the developed models are truly
adding to real improvements or just advancing the science.

Consider modeling other full range boiling fuels such as gasoline and jet.

Recommended no further funding.
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HYDROGEN PRODUCTION AND DELIVERY

Project #14: Photoelectrochemical H, Production
Miller, Eric, University of Hawaii

Brief Summary of Project

Overall Project Score: 3.30 YU el Eals
In this project, the University of Hawalii “f\ggjgﬂguemE
worked towards developing high efficiency, Minimum
cost-effective photoelectrochemical processes 40 _ —_ —_ _

for the production of hydrogen by engineering
stable multi-junction photoel ectrodes based on
low-cost materials and designing, fabricating 3.0 o]
and testing optimized photoel ectrodes suitable

for eventual commercial-scale use.
2.0

Question 1: Relevance to overall DOE

objectives
1.0 -
This project earned a score of 3.67 for its
relevance to DOE objectives.
. . . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
Nice presentatl on of connection. The | Progress Collaborations Future Research

reviewer thinks photoel ectrochemical
technology is an important long-term goal of the program.

Long-term R&D is needed on this area - 2010 goals are very aggressive.

Miller's broad approach to hydrogen production with photoel ectrochemical (PEC) technology isthe best service
to the President's goal/DOE objectives sinceit is cheap, renewable, and potentially massive in scale.

Question 2: Approach to performing the research and development

This project was rated 3.67 on its approach.

Approach seems reasoned and clear. However, better integration with other materials research should be
considered.

Good progress is being made in evaluating new material candidates but significantly more progress will be
needed to meet 2010 goal.

Miller has abroad grasp of the key barriersincluding efficiency both in semiconductor performance,
catalyst/electrolysis efficiency, and cost involved in a successful PEC program.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Connection to overall goalsisweak.

H, production is measured as electric current. Conversion to standard units (kW, SCFs) would be useful.

Good progress is being made.

They have tested more new materials such as Fe, W, and Ti and contributed more to the knowledge of hydrogen
and oxygen €l ectrodes than anyone recently and are making good progress toward a feasible system. This
should continue.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 3.50 for technology transfer and collaboration.

This project would benefit from better coordination or task sharing with other material research and maybe
combinatorial discovery.
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Appears to be coordinated well with othersin the area (NREL). More coordination is encouraged.
Many important collaborations going simultaneously.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.67 for proposed future work.

No details provided.

Meeting 2005 goals should require more careful roadmapping.

| see continued improvementsin this area being made but | do not see the type of improvements needed to meet
2010 goals and beyond.

Very good future plans.

Strengths and weaknesses

Strengths
Good work.

Weaknesses
More emphasisis needed on scaling-up to a complete PEC system as well as finding better materials.

Specific recommendations and additions or_deletionsto the work scope

Keep up the coordination and collaborations with othersin field.
Work may need a more specific Go/No-go point prior to 2010 goal.
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HYDROGEN PRODUCTION AND DELIVERY

Project #15: Photoelectrochemical Water Splitting
Turner, John, NREL

Brief Summary of Project

Overall Project Score: 3.23 YU el Eals
In this project, NREL worked on the “f\ggjgﬂguemE
development of photoelectrochemical systems Minimum
for hydrogen production by identifying and 40 _ —_ —_ _

characterizing semiconductor systems for
higher efficiency water splitting. Identifying
new semiconductor materials with bandgaps in 3.0 o]
the ideal range, catalyzing the surfaces and
engineering the band edges of the identified
material and determining if the existing PV 20 i L
device structure could be easily modified to
affect the direct splitting of water was the
approach adopted for this project. 10

Question 1: Relevanceto overall DOE

obj ectives ,
Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 3.00 for its
relevance to DOE objectives.

No time-frame linkage to production goals.

No discussion on how it supported PEC project goals.

Relevant but this work may not arrive in time to impact current H, fuel initiative.

The photoelectrochemical approach for hydrogen generation is relevant to the highest degree by potentially
supplying the fuel for vehicles and stationary fuel cell power renewability and with a price near any competitive
technology. It is more GHG neutral that any fossil fuel dependent method as well.

This project has a correct vision for future goals.

Question 2: Approach to performing the research and development

This project was rated 3.17 on its approach.

Project may benefit from collaboration with other materials research efforts.

Their approach is generally well planned short term but it could use some longer range planning.

Turner's approach involves finding better semiconductors for the very specific requirements of water
electrolysisin the photoel ectrochemical device and shows the clearest possible understanding of the needs and
limitations of the technology and the electrochemistry of the system.

Concentrating on the semiconductor and PEC device has |eft him less time for catalyst questions- developing
the electrodes for the O, and H, generation.

The key technical barriers are addressed in thiswork.

Cost has not been addressed as much but is part of the future plans.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.33 based on accormplishments.

Technical presentation of results excellent. Presentation would have benefited by a summary of
accomplishments and progress with a discussion of reaction to overall goals.

Lifetime goalsare areal challenge.

Thereis not much progress being made in the area. May need to set up more specific intermediate goals.
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Very good and significant progress has been made in testing and starting to devel op new types of
semiconductor PEC materials for hydrogen generation. Testing along these lines must continue.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.67 for technology transfer and collaboration.

A wide array of participantsis shown. Further participation with industry is suggested. Gain the interest of more
solar manufacturersif possible.

Coordination appears to be very good.

Turner is one of the best resources for collaboration and gives industry and other |abs a clearer and convincing
explanation of hisown aswell as all areas of renewable hydrogen/electrical energy research and devel opment.
A great apostle of the program to a skeptical industrial world.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

This project eventually needs to cull some paths to concentrate on most promising ones.
While | see good progress being made and specific 2005 and 2010 targets, | don’t see areal off-ramp identified
here.

Future plans are very good.
Efforts should continue to include amorphous silicon photoel ectrodes as well as other newer materials.

Strengths and weaknesses

Strengths
Good R&D.

Weaknesses
Work can be more focused for the long-term (off-ramp or Go/No-go point).
More emphasis on the whole PEC system may seem premature but could also be addressed. Thiswould involve
more study of catalyst and counter electrodes.

Specific recommendations and additions or deletionsto the work scope

Possible participation in materials research.

Database proposed for combinatorial projects.

Some real targets need to be developed in this area.

The differences between 2005 and 2010 targets are substantial.

Without some intermediate goals, the work will go on for 5 years without an off-ramp strategy.
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Project #16: Encapsulated Metal Hydride for H, Separation

Heung, Leung, SRTC
Brief Summary of Project

In this project, Westinghouse Savannah River
Technology Center is developing a separation
membrane made of sol-gel encapsulated metal
hydride packing material that will adsorb
hydrogen selectively, not break down to fines,
and tolerate reactive impurities. It is also
evaluating selected packing material for
hydrogen separation in a small-scale column.
The approach adopted is to develop
formulations and procedures to make silica
encapsulated metal hydride composite material
and test selected samples for hydrogen
separation from feed streams of different
compositions.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.00 for its relevance to DOE objectives.

HYDROGEN PRODUCTION AND DELIVERY

Overall Project Score: 2.83 YU el Eals

4.0

3.0

2.0

1.0

Maximum
Average E
Minimum

Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

H, separation from reforming streamsis acritical part for DOE objectives.
More background on specific applications may help focus future development efforts.

Question 2: Approach to performing the research and development

This project was rated 2.67 on its approach.

Metal hydrides have the potential to play bigger rolesin H,-purification, especially in low concentration

streams.

The research should look to answer a more involved analysis to tolerance from impuritiesin low H,
concentration feed gas. How will the hybrid system connect with and interact with a gas purifier? Will apurge

of the system hood re-occur before the hydrogen is used as fuel ?

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Need to increase gas pressure tests.

Effect of encapsulation on adsorption/desorption rates needs to be conducted.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 2.50 for technology transfer and collaboration.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

A more detailed plan should be devel oped.

FY 2003 Merit Review
and Peer Evaluation



Strengths and weaknesses

Strengths
Good methodical approach of synthesizing the membranes.

Weaknesses
Thereisno clear characterization plan for the life cycle, durability, and effect of H,O etc.

Specific recommendations and additions or_deletionsto the wor k scope

Consider using a higher plateau and low-cost metal hydride base such as Mischmetal based alloys.
Increase gas feed pressure.
Consider aflow-through reactor design for the separation process.
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HYDROGEN PRODUCTION AND DELIVERY

Project #17: Economic Comparison of Renewable Sources for Vehicular Hydrogen in 2040
Myers, Duane, DTI

Brief Summary of Project

Overall Project Score: 2.90 YU el Eals
DTI conducted a series of analyses addressing oo E
the delivery of 10 quads of H, from renewable Minimum
sources in  2030-2050 for the U.S 40 _ —_ —_ —_

transportation sector, with respect to resource
availability, demand, cost, and distribution
pathways. The project provided insight into a 3.0 o]
hypothetical hydrogen infrastructure for
vehicles, with the hydrogen supplied from
predominantly domestic resources as well as 2.0
identifying cost barriers that must be overcome
to achieve high utilization of renewable
resources for hydrogen production. L0 T

Question 1: Relevanceto overall DOE
objectives

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 3.50 for its
relevance to DOE objectives.

Great state by state analysis on the cost of delivering hydrogen from renewable sources. Provides extremely
valuable insight on the economic penalties of moving hydrogen around and the cost of hydrogen (renewable) in
the future.

Logical analysis.
Question 2: Approach to perfor ming the research and development
This project was rated 3.50 on its approach.

The state by state analysisis extremely valuable in devel oping new research programs. It provides guidance on
relative costs.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.
Report demonstrates that there are serious economic barriersto current status of renewable hydrogen in states
with large populations.
Results not very useful in overcoming barriers.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 2.50 for technology transfer and collaboration.
Minor effort for coordination.
Question 5: Approach to and relevance of proposed future research
This project was rated 2.00 for proposed future work.
No proposed future work plans.
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Nothing new was said.

Strengths and weaknesses

Strengths
Excellent study.
Shows that lower cost hydrogen transportation needs to be funded or that low cost solar (thermal ?) routes to
hydrogen need to developed. Otherwise in 2040, non-renewabl e sources for hydrogen will dominate.

Comprehensive analysis.

Weaknesses
No new information provided.

Specific recommendations and additions or_deletionsto the work scope

Such projects should be discontinued unless there are sufficient new developments to warrant more work.
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Project #18: Biomass-Derived H, from a Thermally Ballasted Gasifier

Brown, Robert, lowa State University
Brief Summary of Project

This project was carried out by lowa State
University to determine the feasibility of
switchgrass as a suitable fuel for the ballasted
gasifier and ways to maximize hydrogen
production, remove contaminants from
producer gas, mediating the water-gas shift
reaction in the product gas and evaluate its
economics. This was achieved by preparing
switchgrass fuel, feeder, gas sampling, a 5ton
per day bubbling fluidized bed gasifier and a
latent heat ballasting system and performing
gasification trials.

Question 1: Relevanceto overall DOE
objectives

This project earned a score of 267 for its
relevance to DOE objectives.

HYDROGEN PRODUCTION AND DELIVERY

Overall Project Score: 2.70

4.0

3.0

2.0

1.0

=YIA sl Edls

Maximum
Average E
Minimum

Relevance

Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Overall process does not seem to offer economic or technical advantages over current processes. Individual
processing steps could replace inferior stepsin other gasification processes.
The objective of the project is to use the thermal gasification of switch gasto develop hydrogen from biomass.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Gas cleaning process and gas conditioning system could be useful in other gasification processes.
Isthere apreliminary economic evaluation that supports development of the gasifier or overall process for

blower feeds?

The approach isthe empirical determination of the efficiency of H, production from atechnically balanced

gasifier.

Indirect heating approach valuable. Value - optimal use of thermal energy and chemical energy in switchgrass-

may provide replicable gasification model for other biomass feedstocks.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Progress has been made on certain processing steps and analytical technologies.
An answer to the question, " why are you doing thiswork", would provide clarity to the program.
Several runs have been performed using tar cracking, steam reforming, and the water gas shift reaction. The

results showed that all metal catalysts used in tar cracking were effective; however, creating pore blocking may
be aproblem and could deactivate the catalyst.

Some parametric studies were performed. It seems that the low temperature gas shift favors H, production.
Reasonable H, production but the costs are high in relation to the economic targets. How do flow rates compare
with similar and/or combining technol ogies?
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Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 2.33 for technology transfer and collaboration.
Doing the experimental work is obviously good training and expertise for students and post doctorates.
The project is not yet in the technology transfer stage. Several collaborations are listed.
Look for further industrial collaborators.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.50 for proposed future work.

Future plans are processing step improvements. Clear performance targets for the processing steps are needed.
The projected future activities are reasonable in light of what was accomplished.

Strengths and weaknesses

Strengths
Good idea aswell asavery qualified PI.
This project shows simplicity and has alow temperature.

Weaknesses
Highly empirical.
No provisions made for future scaling up and demonstration.
Cost isaweakness.

Specific recommendations and additions or_deletionsto the work scope

| believe Professor Brown should be funded but arefocusing of goals for the project is needed.
Continue the work but with a modeling component that will allow the understanding of the system for eventual
scale-up and optimization.
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HYDROGEN PRODUCTION AND DELIVERY

Project #20: Evaluation of Protected Metal Hydride Slurriesin a H, Mini-Grid
Lasher, Steven, TIAX

Brief Summary of Project

Overall Project Score: 3.20 MU g nls
TIAX is conducting a study of promising oo E
hydrogen purification technologies that DOE Minimum
does not currently fund. TIAX will determine 40 —_ —_ —_ —_

the technical maturity of such promising
technologies, the risks associated with them,
and complete a detailed comparison of the 3.0 o]
performance and cost of these technologies
integrated into a hydrogen fueling station
concept relative to baseline technologies. 20

Question 1: Relevance to overall DOE
objectives 10 -

This project earned a score of 3.33 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Natural gas based H, filling stations will
be built first.

We need to explore novel hydrogen distribution options and thisis an inexpensive way to do so.
Comprehensive.

Question 2: Approach to performing the research and development

This project was rated 3.67 on its approach.

Good concept of incorporating a small scale power plant.

Theprojectislaid out logically. It appearsthat it is being conducted efficiently.
It draws a similar work for input data.

Excellent theoretical research.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.33 based on accomplishments.

Addresses novel distribution schemesfor H,.
Excellent work on sensitivities.
Photos of actual equipment would improve project.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 2.67 for technology transfer and collaboration.

Coordination with industry for costs (not much required).
Need heavy duty vehicle collaboration for fuel cell work.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Work on developing larger scale stationsi.e. 1000 kg/day is very important.
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Should include some investigation into possible 'show-stoppers'.

Strengths and weaknesses

Strengths
The energy station concept helps reduce capital expenditures.
Explores novel distribution techniques.

Weaknesses
Needs to build on the concept of providing power to local businesses. Local businesses could realize a cost
saving over grid power.
Does not appear to take into account relative energy needed for distribution of hydrogen.

Specific recommendations and additions or_deletions to the work scope

Larger stations need to be considered.
Investigate potential pipeline corrosion from hydrogen and potential for degradation due to thermal cycling.
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Project #22: Novel Compression and Fueling Apparatus to Meet Hydrogen Vehicle Range Requirements
Carlson, Todd, Air Products & ChemicalsInc.

Brief Summary of Project

Overall Project Score: 3.20 YU el Eals
The objective of this project by Air Products, oo E
Inc. was to develop a novel compression and Minimum
fueling apparatus to meet hydrogen vehicle 40 _ —_ —_ _

range reguirements. An isothermal compressor
concept was designed, simulated and tested.
High pressure automatic valves, 900 barg 3.0 o]
storage valves for cascade, flowmeter,
dispensing equipment and other instruments
were aso investigated for achieving this 20
objective.

Question 1: Relevance to overall DOE 10 m
objectives

This project earned a score of 3.00 for its ,
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

Improved compression and filling will benefit the infrastructure devel opment, but the impact of this technology
isnot revolutionary. Neverthel ess, the concept is novel and should be pursued.

Air Productsis one of the leading devel opers of H, refueling systems.

The project is exploring an innovative approach to compressing H, from conventional 2200 psi on atubetrailer
to about 7500 psi for refueling station.

Thisisapotentialy simpler and lower cost process.

The identification and validation of existing high pressure componentsis the most needed part of project.
Identifications of deficiencies and correction is second. Development of a new pump is much lower.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.

The novel ideaof using liquid compression isinteresting. The design method describes modeling of the
dynamics of the process, but shows no results to suggest how the process might approach the isothermal limit
for the p-dv work on the H gas.

Focusis on devel oping the novel compression process, but issues of cost and safety and reliability are not being
overlooked.

Until the weakness of current compression technology isidentified and how a new compressor would solve,
work on anew compressor is not needed. Therest of the effort related to the valves, in statements etc., is
needed as istesting to determine many limitationsin life and reliability.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

The project isjust getting underway, so it’sabit premature to judge progress. The critical testing and a Go/No-
go decision occurs this summer.

A recent project start data, but progressis already evident. Better assessment of progress can be made at later
review meetings.

Appearsto have just started and a clear path to new compressor seemed very uncertain. They have changed
their approach to the original design and are now looking for another.
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Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 3.33 for technology transfer and collaboration.

A number of collaborations are listed, with the CaFCP an important link to OEMs. A couple of the
collaborations are not specific, so they are yet to be established.

Thisisanew start, and collaborations could be established after technical and economic feasibility are well
demonstrated.

Seems to have appropriate players on manufacturing team.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.33 for proposed future work.
Most of project is future work at this point intime.

Strengths and weaknesses

Strengths
A leader in hydrogen production and developer of hydrogen refueling facilities.
A novel and potentially lower cost method for compressing hydrogen to the levels needed for vehicle refueling.
No significant weaknesses.

W eaknesses
None specified.

Specific recommendations and additions or deletionsto the work scope

There should be a collection of 'lessons learned' from all the filling stations. This can be used to scope-out
future compressor related R&D.
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HYDROGEN PRODUCTION AND DELIVERY

Project #30: Techno-Economic Analysis of H, Production by Gasification of Biomass
Bowen, David, GTI

Brief Summary of Project
Overall Project Score: 2.60
In this project, Gas Technology Institute
analyzed the production of hydrogen by
gasification of biomass, identified the 40 - _
economic and technical barriers associated
with it. A simulation to quantify hydrogen
production was developed, various cases were 3.0 o}
tested for optimizing hydrogen production
with the simulation and the results were
analyzed to determine its technica and 2.0 a
economic feasibility.

Question 1: Relevanceto overall DOE 10 m
objectives

=YIA sl Edls

Maximum
Average E
Minimum

This project earned a score of 350 for its ,
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/
relevance to DOE objectives. | Progress Collaborations

Proposed
Future Research

Biomass could be a useful source of hydrogen in the future.
Good information but little new work.

Question 2: Approach to performing the research and development

This project was rated 2.50 on its approach.

Need to consider cost of cleaning reformer gas. The cost of produced H, appears to be lower than the estimates

made by other groups.
I dentifies problems but doeslittle to identify solutions.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.50 based on accomplishments.
Needs to build aworking pilot plant to understand potential show stoppers.
Also needs to consider sources of biomass that could be provided year round.
Contributes little not already known.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 2.00 for technology transfer and collaboration.

Need to collaborate with groups working on biomass gasification.
Minor coordination.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.50 for proposed future work.

The most important step isto get into the lab.
No decision points are evident.
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Strengths and weaknesses

Strengths
None specified.

W eaknesses
None specified.

Specific recommendations and additions or deletionsto the work scope

A full scale pilot plant needs to be built. Thiswill help in identifying potential show stoppers such asthe
formation of dioxinsin the gasifier or reformer. The gas clean up cost may be alot higher than anticipated.
Finally, should consider running a series of crop wastes that can be provided y ear round.
Recommendation: discontinue funding.
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HYDROGEN PRODUCTION AND DELIVERY

Project #31: Supercritical Water Partial Oxidation
Spritzer, Mike, General Atomics

Brief Summary of Project

Overall Project Score: 2.57 YU el Eals
In this project, General Atomics presented the oo E
feasibility of supercritical water partial Minimum
oxidation (SWPO) in pilot-scale preliminary 40 —_ —_ —_

testing. Other objectives of this project include
developing improvements to SWPO hardware,
optimizing SWPO operating parameters and 3.0 o}
hydrogen yields and demonstrating and
integrating SWPO pilot-scale system including
hydrogen separation. To achieve these 20
objectives, various feedstocks and reactor
designs were tested and improvements were
identified. 10 i

Question 1: Relevanceto overall DOE
objectives

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 3.00 for its
relevance to DOE objectives.

Potential economic data do not appear attractive. Feeding oxygen, fuel, suspending agent to reactor, separation
of product methane, and steam reforming product methane are economic burdens to the process. Can the
economic burden be overcome?

This isavery good project and certainly very relevant to the H, program.
Question 2: Approach to performing the research and development
This project was rated 2.33 on its approach.

Wouldn't you expect the price of the proposed feedstocks to decrease once a use isidentified?
The approach isempirical but it does have, as abasis, the PlI's experience of many years.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

Process operation in 650-800°C range appears to make only slightly more H, than CH, (molar basis). Would
you separate H, and CH,4 before reforming of feed H, and CH4 both to reformer? The product gas shows
significant amounts of O,. Isthe excess O, necessary and, if so, isthat aproblem?

What do you see as the technical and economic barriers?

Low percentage makes for a high economic hurdle.

Does the business plan quantify municipal waste opportunity?

Given therestricted amount of funds, the progress hasbeen significant. The Pls have also leveraged the funds
against other projects.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.50 for technology transfer and collaboration.

Although collaboration will take effort, it is not just worthwhile but essential .
Thisisan applied project that isin need of technology transfer.
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There do not appear to be any outside-of-the-company collaborations.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.33 for proposed future work.

Reviewer does not see key technical and economic barriersidentified based on past results. Those barriers need
to beidentified and addressed.

Does business plan quantify municipal biomass opportunity? A scale-up is needed to take advantage of market
potential, accompanied by techno-economic analysis.

The next stage of research seems reasonable.

Strengths and weaknesses

Strengths
This project has market potential because of the PI's previous experience; their commitment to success; avery
favorable economic analysis; and the feed used is thought to be processed under different conditions.

W eaknesses
Cost seemsto be abarrier.
Completely empirical approach.

Specific recommendations and additions or_deletions to the work scope

Recommend not funding.

Pursue industry cooperation on demos.

The project should be continued, but with an added modeling component to strengthen the physical
understanding and enhance the chances of success for 1) long term outreach 2) optimization and 3) scale-up.
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HYDROGEN PRODUCTION AND DELIVERY

Project #32: Development of Efficient and Robust Algal Hydrogen Production Systems
Lee, James, ORNL

Brief Summary of Project

Overall Project Score: 3.47 VI el Eals
In this project, ORNL studied the production oo E
of algal photosynthetic hydrogen and its Minimum
barriers. The technical issues are discussed and 40 —_ —_ —_ —_

potential solutions, based on a novel approach
developed by ORNL, to overcome the barriers
are also presented. Significant interactions and 3.0 o]
collaborations with other laboratories and
universities have been set up to achieve this
common goal. 2.0 i a

Question 1: Relevance to overall DOE
objectives L0

This project earned a score of 3.50 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

While the approach isonly likely
applicable to two-stage biophotolysis, it promises to be an enabling technology that solves several problems at
once.

Potentially, this project is very important.

The project, if successful, would be a major breakthrough toward making biophotolysis an economically viable
route to fuel hydrogen.

Supports long-term H, production goals but thisis very much alonger term R&D activity.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.

Uneasy about designing a new polypeptide because there may be additional hurdles. But the basic approach is
novel, sound, and even exciting.

The project is closely integrated with the projects at NREL and UCB.

Very well planned to meet initial objectives.

Question 3: Technical accomplishments and proagr ess toward project and DOE goals

This project was rated 3.50 based on accomplishments.

Nothing done yet which is not the PI's fault.

Project, if successful, would eliminate the proton gradient by genetic insertion of proton channelsin the
thylakoid membranes.

New project but good progress appears to be made already.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 3.33 for technology transfer and collaboration.

Good interactions with NREL, potentially with Berkeley.
Will work closely with NREL and UCB utilizing advanced organisms already developed by those groups.
Appearsto be aware of other work in area which encourages further collaboration.
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Question 5: Approach to and relevance of proposed future research

This project was rated 3.67 for proposed future work.

If successful, this approach will overcome hurdlesin biophotolytic production of Ho.

The team should work on natural isophores, such as the brown adipose tissue peptide and perhaps melittin in
addition to their synthesis approach.

Project would reach Go/No-go decision point at the two year mark.

Good future plans but this again appears to have avery long timeline toward commercialization.

Strengths and weaknesses

Strengths
Good basic R&D.

Weaknesses
A new program - good that PI is becoming an independent PI, but this seemsto be outside his expertise.
Needsto keep aclose eye to ensure the goals are really addressed.
No one elseisdoing thisand it is very appropriate to DOE biohydrogen research.

Specific recommendations and additions or_deletions to the work scope

Needs a milestone by next review.

Project must be funded.

This may need to be funded by basic R& D rather than H, programs.
Timeline may be longer than President's goal.
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HYDROGEN PRODUCTION AND DELIVERY

Project #34: Water-Gas Shift Membrane Reactor Studies
Enick, Robert, University of Pittsburgh

Brief Summary of Project

Overall Project Score: 2.90 YU e Eals
In this project, University of Pittsburgh is “f\g;jg‘gimz
developing a water gas shift (WGS) Minimum
membrane reactor to produce and separate 40 _ —_ —_ _

hydrogen from fossil fuels for downstream
uses. The WGS kinetics and membrane flux
was evaluated using industrial gas mixtures 3.0 o]
and conditions.

Question 1: Relevanceto overall DOE 20 i |
obj ectives
This project earned a score of 3.00 for its L0 w

relevance to DOE objectives.

Question 2: Approach to performing the ,
Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
resear ch and development | Progress Collaborations Future Research

This project was rated 3.50 on its approach.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.00 for technology transfer and collaboration.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Strengths and weaknesses
None specified.

Specific recommendations and additions or deletionsto the work scope

None specified.
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Project #38: Low Cost, High Efficiency Reversible FC Systems

Ruhl, Robert, Technology Management Inc.
Brief Summary of Project

In this project, Technology Management, Inc.
worked on improving the performance of
reversible stacks by reducing area specific
resistance, rate of degradation, and sea
leakage. Alternate materials and geometric
factors were evaluated to reduce cell resistance
and reduction on operating temperature was
considered to improved life and performance.
An integrated fuel cell hot subassembly
operating with a stack of about 50 reversible
type cells were to be tested and its economic
impact and potential applications were
analyzed.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.00for its relevance to DOE objectives.

HYDROGEN PRODUCTION AND DELIVERY

Overall Project Score: 2.80

4.0

3.0

2.0

1.0

=YIA sl Edls

Maximum
Average E
Minimum

Relevance

Approach

Tech Accomplishments ~ Tech Transfer/
| Progress Collaborations

Proposed
Future Research

Reversible system isinteresting but not essential.

Some compromises may be necessary for dual mode operation.

Question 2: Approach to performing the research and development

This project was rated 2.50 on its approach.

Not sureif areal resistance hurdle has a clear plan to overcome.

This mode of operation in electrolysis mode requires a high electrical input to internally generate the necessary
temperatures for operation of the solid oxide system. This defeats a potential advantage of high temperature

operation; reduction in electrical requirements.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Not clear how much of ahurdleit will be to get from 20 to 50 cells/stacks.

Appears to have reasonabl e progress.

Decline on the 5%/1000 hour is still substantial and it is not clear how thiswould be addressed

The cost estimates provided for cheap hydrogen are not credible.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 2.50 for technology transfer and collaboration.

Appearsto rely highly on government sponsorship.

Some interactions but not with commercial companies.

FY 2003 Merit Review
and Peer Evaluation

56



Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.
Would help to know more specifics on how they will address the technical issues.

Strengths and weaknesses

Strengths
Cutting edge work.

Weaknesses
Not convinced they can meet targets.

Specific recommendations and additions or_deletionsto the work scope

None specified.
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Project #39: High-Efficiency Steam Electrolyzer

Vance, Andrew, LLNL
Brief Summary of Project

The objectives of this project by LLNL were
to build a prototype steam electrolyzer with
high hydrogen production efficiency, using the
concept of natural gas as anode depolarizer to
reduce the electrical energy required. The
approach adopted was to evaluate new
materials for the electrodes, develop low cost
electrolyzer tube fabrication processes,
develop ceramic-to-metal seal for easy gas
manifolding and design tubular electrolyzer
stack for high-pressure operation.

Question 1: Relevanceto overall DOE
objectives

This project earned a score of 267 for its
relevance to DOE objectives.

HYDROGEN PRODUCTION AND DELIVERY

Overall Project Score: 2.37

4.0

3.0

2.0

1.0

=YIA sl Edls

Maximum
Average E
Minimum

Relevance

Approach

Tech Accomplishments ~ Tech Transfer/
| Progress Collaborations

Proposed
Future Research

The program is primarily driven by the premise that by decreasing O, concentration at the anode by

combustion, the productivity of the system isincreased. This then dictates that the electrolyzer istied in
intimately with a natural gas supply.
Relevant as aprocess for generating H, by a combination of water electrolysis and methane combustion.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Difficulties are in funding adequately but project is very ambitious.

The approach is novel and has good potential for perhaps limited opportunities due to the need to compile fossil
and renewabl e resources.

It's an interesting approach for the generation of H, by an electrolysis of water, the thermodynamic potential of
which is reduced by a concomitant combustion of methane. It could alternatively be described as an electrically
assisted reforming of methane with steam. Though fundamentally a good concept, it was unfortunately not well
conveyed.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.00 based on accomplishments.

Progress has been retarded by funding issues and the loss of a Pl so project has struggled alittle.

More should be shown about the catal ytic combustion/partial oxidation aspect and catalysis development.

| am not convinced that the CH,4 oxidation at the anode is sufficient to maintain the high temperature regulated
preparation.

Progress was disappointing in that no actual performance data was reported although some of the problems
encountered in its pursuit (e.g. carbon deposition at the anode) were discussed.

It was also disappointing that the Pl was unableto state at |east the potential energy efficiency of their system.
i.e. ideally what would the electrolysis voltage be for their CH, oxidation assisted process vis-a-vis
conventional steam electrolysis at the same conditions?
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Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 1.67 for technology transfer and collaboration.

Appearsto bejust afeasibility study at LLNL.

The system needs a high-temperature ceramic that is both an oxideion and an electronic conductor. Would it
not be expedient to collaborate with others who are investigating high temperature ionic transport membranes
that have these properties?

Question 5: Approach to and relevance of proposed future research

This project was rated 2.50 for proposed future work.

Forward plan is reasonable.

The problem of C deposition arises fundamentally from an inadequate O ion transport, to mitigate this will
require much improved ceramics. Little attention seemsto be given to this. Collaboration with parties that
could supply such ceramicsis highly recommended.

Strengths and weaknesses

Strengths
Novelty of approach; potential to reduce electrolysis cost.

Weaknesses
Project istied to availability of natural gas.

Specific recommendations and additions or deletionsto the work scope

Focus on heat integration of entire system to verify CH, requirements for temperature maintenance and the
ability to cycle the system on/off and start up time.

Clearly define the potential and actually realized energy consumption advantage of this processvis-a-vis
conventional steam electrolysis.
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HYDROGEN PRODUCTION AND DELIVERY

Project #40: High Temperature Solid Oxide Electrolyzer System
Herring, Steve, INEEL

Brief Summary of Project

Overall Project Score: 2.80 YU el Eals
Idaho National Engineering & Environmental e E
Laboratory (INEEL) is currently researching Minimum
and developing high and ultra-high 40 —_ —_ —_ —_

temperature processes to produce hydrogen
through chemical cycle-water  splitting
technology or other non-carbon-emitting 3.0 o}
technology utilizing heat from nuclear or solar
sources. The project is seeking to develop
energy-efficient, high-temperature, 2.0
regenerative solid-oxide electrolyser cells
(SOECs) for hydrogen production from steam,
reduce ohmic losses to improve energy L0 T
efficiency, increase SOEC durability and
sedling with regard to thermal cycles,
minimize electrolyte thickness, improve ,

. " . Relevance Approach Tech Accomplishments  Tech Transfer/ Proposed
material durabil ity n a | Progress Collaborations Future Research
hydrogen/oxygen/steam  environment, and
develop and test integrated SOEC stacks operating in the electrolysis mode.

Question 1: Relevance to overall DOE objectives

This project earned a score of 3.50for its relevance to DOE objectives.

The project is aligned with the need to reduce electrical requirements for electrolysis and is also relevant to
DOE-NE strategies.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.
The approach iswell thought out. However INEEL does not have the background with solid oxide-based
materials and must rely on Ceramatec to provide high-efficiency anode and cathode materials (low polarization

losses) as well as the electrolyte. It is not clear how much development effort will be provided by Ceramatec.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.50 based on accomplishments.

Progressisjust getting underway. Too soon to evaluate fully but good plan in place.
Early in the project, mostly concept development at this point.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.00 for technology transfer and collaboration.

Too early to tell.
I'm not sure that SOFC key company such as a Siemensis a potential path to market.

Question 5: Approach to and relevance of proposed future research
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This project was rated 3.00 for proposed future work.
Forward plan appearsto be reasonable.

Strengths and weaknesses

Strengths
Well aligned with mission.
Key data can be provided to assess the true viability of the technology.

Weaknesses
Need to assure a strong interaction takes place between the test systems and the component suppliers.

Specific recommendations and additions or_deletionsto the work scope

Oncethe systemisin place and operational, continue to push for advancing the state of the art in electrolyte and
anode/cathode catalysts. Keep abreast of the field of solid oxides. The best materials are likely to be required
to provide a competitive system.
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HYDROGEN PRODUCTION AND DELIVERY

Project #41: Photoelectrochemical H, Production Using New Combinatorial Chemistry Derived M aterials
McFarland, Eric, UC Santa Barbara

Brief Summary of Project

Overall Project Score: 3.13 VI bz ek
In this project, the University of California, hverage E
Santa Barbara, CA designed and built a system Minimum
for automated electrochemical synthesis of 407 —_ —_ —_

combinatorial libraries of mixed metal oxides.
This project also included creating and
screening libraries of potential patterned metal 307 o
oxides using diverse types of structure
directing agents under a variety of deposition
conditions. 20 1

Question 1: Relevance to overall DOE
objectives 10 1 =

This project eaned a score of 3.33 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Helps meet overall objectives and should
help othersin thisarea (dual use).
Indirect support of goals.

Basic research efforts aimed at H, from renewables.
High relevance to all DOE goals.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.

Well planned, with good results to date.

Integration with other research can be improved.

Barriersto scale-up, analysis and searching results needsmore emphasis.

Combinatorial approach is a cost-effective way to get quickly to new materials that may break key barriersto a
practical photoelectrochemical solar hydrogen system.

New, efficient metal oxides are an important need.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.67 based on accomplishments.

Thiswork is more supportive than aimed at meeting specific goals.

Very good progress on specific goals and objectives.

Impressive track record of building and finding candidate materials.

Highly effective approach is making good progress in materials for photo-catalysis.
Tungsten-molybdenum oxides very interesting.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 2.67 for technology transfer and collaboration.

| encourage even more coordination with researchersto help guide thework in thisarea.
Needs shareable results library to assist analysis and prevent undesirable duplication.
Some good collaboration mainly helping this project.
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Question 5: Approach to and relevance of proposed future research

This project was rated 2.67 for proposed future work.

Off-ramps for thiswork should be tied to other experimental work in this area.
Needs more focused future direction. Should this be arapid turnaround service or a dedicated research process.
Building on current effortsto add to early progress.

Strengths and weaknesses

Strengths
Very good, supportive work.

W eaknesses
It is not clear that the best materials are found by a combinatorial approach as expected instead of other clues.

Specific recommendations and additions or_deletionsto the work scope

Continue coordination with othersin thefield.
Work on recording a publication of results should be funded.
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Project #42: Algal Hydrogen Photoproduction
Ghirardi, Maria and Seibert, Michael , NREL

Brief Summary of Project

Overall Project Score: 3.23 YU el Eals
In this project, NREL studied the oo E
photobiological algal H, production using two Minimum
approaches: (i) molecular engineering of algal 40 _ —_ —_ _

H, production and (ii) cyclic photobiological
aga H, production. In the molecular
engineering of algal H production approach, 3.0 o} ; .
two cloned hydrogenases were studied and that
information was used to design mutated genes
with higher tolerance to O,. In the cyclic 2.0 i i
photobiological algal H production approach,
a new photobioreactor was to be built in order
to determine the effects of chosen parameters. 10 i

Lr

Question 1: Relevanceto overall DOE
objectives

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 3.33 for its
relevance to DOE objectives.

Curiously schizophrenic - the H, production being measured is "indirect biophotolysis" yet the engineering is all
aimed at "direct..." Aretheresearchersclear on the distinction? Isthe economist who gave the remarkable $
value?

Preliminary economics, assuming continued success of NREL and UCB programs along with funding and
success of ORNL project, show hydrogen cost by biophotolysis as low as $2.34/kg (land based) and < $1.40/kg
ocean based.

Supports long-term goal, though perhaps not in time to meet President's 2010 goal.

Very long term R& D and very basic.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Increasing tolerance from 0% to 1% O, is amajor break-through, but by no means technologically significant -
it will be exciting to show synergistic benefit of asecond mutation thisyear.

Key technical barriers have been identified and major breakthroughs made on engineering O,-tolerant
hydrogenase (NREL) and Chl antenna modifications to increase efficiency and organism utilization.

Work has changed over the years to more of a genetic engineering project - may need to be funded out of basic
R&D.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.67 based on accomplishments.

At last somereal progresstoward the " O,-tolerant hydrogenase”. Let us hope that it can be substantially built
upon.
Good progress was made earlier in continuous versus batch production system.
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Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 3.00 for technology transfer and collaboration.

Good interaction with Berkeley - need to make closer ones with ORNL.
Numerous collaborations.
Collaboration appears to be very good.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.17 for proposed future work.

Definitely progress, but need to clearly define the economics of direct and indirect biophotolysis-- it seems
muddled.

Encourage priority on immobilized algae cultures to go from SO, to non-SO, without centrifugation. Also,
immobilized enzymes would give options in design of photoreactor systems.

Future plans are to genetically engineer new systems. Will this meet the President's goal ?

Strengths and weaknesses

Strengths
No one elseis doing thisand it should be part of the DOE program. Thisisthefirst success at the attempt to
improve oxygen tolerance of the hydrogenase - agoal for the last several years.
Good past work but new focus and engineering new algae needs to be reexamined in light of President's goals.

Weaknesses
None specified.

Specific recommendations and additions or deletions to the work scope

Need to ensure that economic analyses are clear as to whether the goal is simultaneous production of O, and H,
(direct biophotolysis) or segmented production (indirect - O, evolved and carbohydrate or something stored -
then later converted to H,). They will have very different costs.

Thiswork and similar work may need to be funded out of the Office of Science as longer term objectives.
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Project #43: Discovery of Photocatalysts for H, Production
MacQueen, Brent, SRI International

Brief Summary of Project

Overall Project Score: 3.13 YU el Eals
In this project, SRI International developed a oo E
high throughput system to evaluate physical Minimum
properties, measure solar hydrogen production 40 - - _ -
of photochemical systems, and produce a
database of photocatalytic materials. The
effectiveness of nanosized particles for 3.0 o]
hydrogen generation from water using visible
light was also eval uated.

2.0

Question 1: Relevance to overall DOE
objectives

1.0 o

This project earned a score of 3.67 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed

More of a SUppOft ive task than one aimed | Progress Collaborations Future Research
at meeting specific DOE H, goals.

Good presentation of connection to goals.
Highly relevant to the program goals.
PEC is asuperior approach.

Question 2: Approach to performing the research and development

This project was rated 3.67 on its approach.

Need to spend more time making sure results can be communicated to others (database).

Automated high throughput materials production and analysis are nicely addressed.

Barriers are not specifically addressed, but data collection and analysis are mentioned as weak points.
Very effective approaches to new designs for test equipment are potentially finding new materials for
semiconductor electrodes.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.
Good progress but appears to have had funding issues.
Higher rate of analysis needed to support throughout.
The project is making great strides, still in early stages.

Question 4: Technology transfer/calaborations with industry, univer sities and other |aboratories

This project was rated 2.67 for technology transfer and collaboration.

Encourage coordinating national database activitieswith othersin thefield.
Needs to work directly with other material s research projects.
Some outreach and partnering. Could use more collaborations.
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Question 5: Approach to and relevance of proposed future research

This project was rated 2.67 for proposed future work.

Needs alittle more focus on objectives for later years.
Needs alonger range plan - either for scaling up or branching out.
Work needs to continue on the lines of progress being made.

Strengths and weaknesses

Strengths
Good work on autosamples.

Weaknesses
Results need to be better communicated. (Improve database access.)

Specific recommendations and additions or_deletionsto the work scope

Needs more specific material selection and planning for future work.
Datalibrary for rapid analysis, scaling data, and avoiding duplication is a serious need and should be addressed
in year two.
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HYDROGEN PRODUCTION AND DELIVERY

Project #49: Advanced Thermal Hydrogen Compression
DaCosta, David, ErgenicsInc.

Brief Summary of Project

Overall Project Score: 3.04 YU oyl Eals
Through this contract, Ergenics plans to “gg;;;nguemi
develop a hydride therma hydrogen Minimum
compressor that operates in conjunction with 40 _ —_ —_ _

advanced hydrogen production technologies
and improves the efficiency and economics of
the compression process. They will also seek 3.0 o]
to determine to what extent the hydride
compression process can perform the dual

function of compression with purification, to 20 i |
remove impurities that adversely affect fuel | |
cells.

1.0 =

Question 1: Relevanceto overall DOE
objectives

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed

This project earned a score of 3.25 for its | Progress Collaborations Future Research
relevance to DOE objectives.

Efficient hydrogen compression will beimportant for all forms of hydrogen storage and transport.

Very relevant by potentially allowing quiet operation, convenience and miniaturization.

Not strictly necessary, not highly efficient, but very useful in near and mid-term (cost reduction). Cyclelife of
hydrides an important, under-studied topic.

Very original and creative concept. Not too many competing ideas on this objective.

Useful for compressed gas.

Although the envisioned system is based on a metal hydride material, this project is much more relevant to the
infrastructure devel opment than the hydrogen storage goal s of the R& D plan.

The metal hydride compressor has “good” relevance to the infrastructure aspect of the program asit could lead
to asignificant reduction in the cost of hydrogen.

Question 2: Approach to performing the research and development

This project was rated 3.25 on its approach.

Well defined approach that included both efficiency and economic analysis.

Market rationale is not entirely clear, based on the metrics of slide 9. These do not appear directly focused on
the overall economics of hydride compression.

Fighting hard to control capital costs.

Very small pilot hardware.

Good focus on critical path issues.

Good work on impurity sensitivity

Utilize the temperature-dependent " plateau” storage capacity of metal hydridesin athermal energy driven H,
COMPressor.

Investigating alternatives to mechanical compression using hybrids to store H,, heating, then desorbing
compressed Hs.

Cost to compress H, thermally seems promising.

Assessing the effects of impuritiesis avaluable goal to storage. The other aspects support infrastructure of
compressed storage but are not really on topic for this group.

The PlI'sindustrial experience and know-how are readily apparent from his well thought-out, realistic plan for
the development of an advanced, thermal hydrogen compressor within areasonable time frame.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.13 based on accomplishments.

Solid demonstration of technical progress. Good results on efficiencies.

We would have felt alot better if his accomplishments had been put in the context of the technical barriers that
hydride compression has to overcome to be market viable.

Beginning to show the crucial tolerance to impurities.

Initial scale too small to validate capital cost estimated.

Discovery helps CO tolerance.

CO conversion isvery important result!

Good program orientation toward targets, though somewhat slower progress than we would have expected.
Did not see progress or capital cost reduction in commercial product design

Outstanding results: (1) H, compression demonstrated to 5000 psi with afar lower energy cost than
conventional mechanical compression. (2) Development of a CO-resistant metal hydride alloy which worksin
the "compressor."

Concerned about large amount of CH,4 produced at outlet.

Suitable progress on correct topics.

Making good improvements on mechanical compressors, especially in terms of cost of operation.

Nicework to protect alloy from CO.

Project has made steady progress and is on schedule.

The 55% cost reduction compared to an electrical compressor and 9% cost reduction compared to a natural gas
COMPressor is quite impressive.

Question 4: Technology transfer/collabor ations with industry, univer sities and other |aboratories

This project was rated 2.57 for technology transfer and collaboration.

Mentioned that partnerships were being pursued, however not many details.

Coordinating with universities or pushing the frontiers of hydride science may be useful.

Full scale demo in 2004 and at fueling station is soon enough. Averse to collaboration (by admission).
Puzzled why there is no commitment to a compressor demo already in place. Sounds like very significant
technology!!

Seeking commercia devel opment/implementation partners.

No mention of other collaborators currently being involved, but discussion of potential future partners.
No real collaboration, some participation in regulation/ trade groups.

Partners for full -scale hydrogen compressor demonstration are being actively pursued.

Pl as been participating in the IEA hydrogen storage expert’s group.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Very unspecific on future research. Nearly generic.

The research has been successfully completed.

Seeking partner for afull scale demonstration of the technology.

Will want to see how CH,4 will be removed from H, outlet stream.

Demo program a good idea to see how well it really works.

Making smaller and cheaper isthe right direction.

Partnersfor full scale hydrogen compressor demonstration are being actively pursued.
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Strengths and weaknesses

Strengths
Unique H; storage infrastructure.
Very impressed by accomplishment and potential value of thiswork!!

ErgenicsInc.'s vast experience in metal hydride based systems greatly enhance this project’s chances for
success.

W eaknesses

Overall balance between benefits and barriers was not communicated. Detailed systems analysis should be
conducted to show advantages.
Need to work on minimizing HC bleed through.

Specific recommendations and additions or_deletions to the work scope

The energy efficiency versus conventional reforming is apparently excellent but what are the relative capital
requirements of the two systems?

M echanical compressors often require a back-up for reliability, how do hydride-based compressors farein this
respect?
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HYDROGEN PRODUCTION AND DELIVERY

Project #59: Development of a Turnkey H, Fueling Station
Guro, David, Air Products & Chemicals Inc.

Brief Summary of Project

Overall Project Score: 3.27 YU el Eals
Air Products and Chemicals, Inc. is working oo E
on a project to demonstrate the economic and Minimum
technical viability of a stand-alone, fully 40 _ —_ —_ —_

integrated H, fueling station based on the
reforming of natural gas. Building on the
learnings from the Las Vegas H, Fueling 3.0
Energy Station program, the project seeks to
optimize the system, advance the technology,
and lower the cost of H,. The demonstration 2.0
will be done through the operation of afueling
station at Penn State University with the
purpose of obtaining adequate operational data L0 T
to provide the basis for future commercial
fueling stations. The top priority of the fueling
station is the maintenance of its safety : .
. . . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed

standardsinitsdesi agn and operation. | Progress Collaborations Future Research

Question 1: Relevance to overall DOE objectives

This project earned a score of 4.00for its relevance to DOE objectives.

Good demo of H, fueling station - not gas reforming.
Addresses all aspects of H, refueling facility design issues.

Question 2: Approach to performing the research and development
This project was rated 3.00 on its approach.

Assessing best combination of components- special emphasis on PSA unit.
Advanced PSA isagood addition, thought it is unclear how extensively they looked for the best product.
Great use of existing facilitiesto test components. Good use of Vegasinfo.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.
The advanced PSA isthe only significant technical advancement noted.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 3.00 for technology transfer and collaboration.

Need more emphasis on education - and safety.
Some collaborations but could be wider.
Make detailed reports available on DOE web site.
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Question 5: Approach to and relevance of proposed future research

This project was rated 3.33 for proposed future work.

Learning from Las Vegas station.
Innovative ideato expand the project to include H,/CNG
Good work so far. Plans point to successful completion.

Strengths and weaknesses

Strengths
Very comprehensive design with promising economies.

Weaknesses
Isthere apotential conflict-of-interest in the selection of the PSA unit?
Should do more to incorporate non- Air Products Equipment.

Specific recommendations and additions or_deletionsto the work scope

Expand the education possibilities using the fueling station to demonstrate saf ety issues.
Incorporate new components for testing as they become available.
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HYDROGEN PRODUCTION AND DELIVERY

Project #60: Autothermal Cyclic Reforming-Based H, Generating and Dispensing System

Kumar, Ravi, GE Energy
Brief Summary of Project

GE Energy and Environmental Research
Corporation is designing, fabricating, and
installing a reliable and safe H, refueling
system based on autothermal cycling
reforming. This system will be capable of
producing at least 40 kg/day of H,, sufficient
for the refueling of at least 1 bus or 8 cars
daily. GE hopes to achieve a current target
cost of $19.2/GJ of hydrogen (LHV) for a
900kg/day of H, system.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.67 for its
relevance to DOE objectives.

2.0

Overall Project Score: 3.07

Tech Accomplishments ~ Tech Transfer/
| Progress Collaborations

Relevance Approach

=YIA sl Edls

Maximum
Average E
Minimum

Proposed
Future Research

Demonstrations of working distributed H, production and refueling facilities are very important.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.

Excellent component devel oped and test plans.
No discussion of installation and use/market.

Is there a Go/No-go decision?

Little innovation outside of GE reformer evident.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

The only tech advancement is a high-pressure version of their system.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

Need more discussions for future deployment.

Would like to see detail ed reports on DOE web site!
Obviousinput from BP on refueling station requirements and economics.

Question 5: Approach to and relevance of proposed future research

This project wasrated 2.33 for proposed future work.

Not addressed.

Future plans are weak and do not appear to be widely applicable.
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Strengths and weaknesses

Strengths
Excellent implementation of refueling system and analysis of economics.

Weaknesses
Focused on GE system exclusively.

Specific recommendations and additions or deletionsto the work scope

Economic analysis should include reformers from other manufacturers.

FY 2003 Merit Review 74
and Peer Evaluation



Project #63: H, Reformer, FC Power Plant, & Vehicle Refueling System

Raman, Venki, Air Products & ChemicalsInc.
Brief Summary of Project

This project is designed to accomplish the
following: resolve design issues and
demonstrate  small, on-site  hydrogen
production for fuel cells and hydrogen fuel
stations; design, construct, and operate a
multipurpose refueling station;  dispense
compressed natural gas (CNG) H,/CNG
blends, and pure H, to up to 27 vehicles;
design, construct, and operate a stationary 50
kW fuel cell on pure H,; evaluate operability,
reliability, and economic feasibility of
integrated power generation and vehicle
refueling designs; obtain adequate operational
data on the fuel station to provide a basis for
future commercial fueling station designs;
develop appropriate “standard” designs for
commercial applications; and expand the

HYDROGEN PRODUCTION AND DELIVERY

Overall Project Score: 3.40

4.0

3.0

2.0

1.0

Relevance

=YIA sl Edls

Maximum
Average E
Minimum

Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

current facility to serve asthe first commercial facility when sufficient hydrogen demand devel ops.

Question 1: Relevance to overall DOE objectives

This project earned a score of 3.80for its relevance to DOE objectives.

Nothing better than tryingto run areal system with remote operation.
Addresses system integration for both fuel and electric products.

Similar systems could be used to expedite the development of a hydrogen infrastructure with afuel cell for

power generator while vehicle demand of H, is still developing.

Question 2: Approach to performing the research and development

This project was rated 3.20 on its approach.

Needs to work on reducing the footprint.
Land costs money in urban areas.
Needs more analysis of economics.

Needsto integrate the components in an optimized manner (i.e. water management).

Include the cost analysisfor next year.

Supports on site H, generation, application of fuel cellsfor distributed power generation, hydrogen refueling
infrastructure development, institutional barriers addressed in siting facility.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.75 based on accomplishments.

Having a pilot system work for one week is awonderful accomplishment.

System has been fully operational.

Technical problems with fuel cell, will require close monitoring. This project has encountered several technical
issues during early stages which have delayed extended durability testing/demonstration of the facilities.

Significant contribution to the move toward a H, economy.

FY 2003 Merit Review
and Peer Evaluation

75



Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 3.25 for technology transfer and collaboration.

There are many manufacturers of 50 kW systems.

The educational benefits should be enhanced.

Seems to be a good working relationship between the industrial partnersin the project aswell aswith the city of
Las Vegas.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Needs to consider how to build 100 to 1000 kg H,/day stations that could be placed in current gasoline filling
station sized lots. Learning will be passed on to future projects.

Not clear that demand for vehicular hydrogen will be devel oped as planned (outside projects control).

Start up of FC has been delayed due to avariety of technical issues that have delayed demonstration of an
integrated system.

Should have operating experience data next year.

Strengths and weaknesses

Strengths
None specified.

Weaknesses
None specified.

Specific recommendations and additions or deletionsto the work scope

Need to consider how to build 1000 to 1000 kg Hp/day stations that could be placed in current gasoline filling
station sized lots.

Need to increase the economic analysis to understand the sensitivity of life cycle costs to electricity buyback
rate, O & M costs, natural gas cost, etc.

Collection of data and assessment should include information on cost of engineering and cost of H, delivered.
Need to establish baseline performance against DOE targets.

FY 2003 Merit Review 76
and Peer Evaluation



HYDROGEN PRODUCTION AND DELIVERY

Project #64: Candidate Fuelsfor Vehicular Fuel Cell Power Systems. Stakeholder Risk Analysis

Lasher, Steven, TIAX
Brief Summary of Project

TIAX is conducting an assessment of the
opportunities and risks for various fuel choices
for FCVs —in particular comparing hydrogen
to onboard reforming of gasoline.  The
assessment is also being used as a support to
the refined R&D targets for direct-hydrogen
FCVs based on an analysis of well-to-wheel
energy use, GHG emissions, cost, and safety
of direct-hydrogen FCVs and competing
vehicle technol ogies.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.80 for its
relevance to DOE objectives.

Overall Project Score: 3.27 U s

4.0

3.0

2.0

1.0

Maximum
Average E
Minimum

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Ultimate goals are well tied to energy providers and onto manufacturing concerns. Thisanalysiswill be critical

to understanding program benefits.

Thisisasupporting function for stakeholders and collaborators.

There's only indirect relation to program goals.

Question 2: Approach to performing the research and development

This project was rated 2.80 on its approach.

Needsto include analysis of foot print effects aswell as cost of land (urban vs. rural) and where the demand

will be greatest.

The underlying assumptions need to be stated very explicitly - it is dangerous to present results without

clarifying all assumptions.

Analysisinappropriately compares technol ogy-projected assumptions of FC vs. current and undervalued data
for diesel HEV (for example). All data and assumptions are transparent. This needs to be presented to add

credibility.

Study lacks system and socioeconomic perspective particularly in use and market penetration.

Study does not evaluate as much asit creates an artificial and unfounded pathway to the ultimate goal.
Fueling station coverage is very out of line with even the lowest penetration estimates of DOE and even more
out of line with other less optimistic estimates. This should at least be explained and substantiated.

Project will be providing a standard modeling discipline for avariety of transportation areas.

Putting the models on the Internet is recommended.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Needs to apply consistent case parameters.

Needs to watch for improvementsin DOE technology.
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Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 3.25 for technology transfer and collaboration.

Have interactions with appropriate partners.
Needs to include participation of manufacturing industry.

Question 5: Approach to and relevance of proposed future research
This project was rated 3.50 for proposed future work.

Should include discussion of information technology platform for models.
This material needs to be shared and shareabl e across a wide band.
Should make strong effort to review with stakeholders.

Sort out pathways (CH,, LH5).

Strengths and weaknesses

Strengths
None specified.

Weaknesses
None specified.

Specific recommendations and additions or _deletionsto the work scope

Need to include analysis of foot print effects aswell as cost of land (urban vs. rural) and where the demand will
be greatest.

Formal plan for shared data and models to facilitate stakeholder participation.
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Project #111: Fuel Cell Distributed Power
Reforming
Zamansky, Vladimir, GE

Brief Summary of Project

GE is developing a fuel cell distributed power
package unit for fuel processing based on
autothermal cyclic reforming. GE is designing
a precommercial integrated fuel processor,
and assessing the performance and economics
of the design. The fuel processor will convert
natural gas to a hydrogen-rich stream, operate
for 100 hours, achieve fully automatic
operation during normal, start-up, shut-down,
and stand-by modes, 75% efficiency on higher
heating value basis, and achieve cost target
less than $1000/kW and €electricity cost that is
less than $0.06/kWh, when the system is mass
produced.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.00for its relevance to DOE objectives.

System has potential for high efficiency for production of H..

HYDROGEN PRODUCTION AND DELIVERY

Package Unit: Fuel Processing Based on Autothermal Cyclic

4.0

3.0

2.0

1.0

Overall Project Score: 2.67

=Y gl EDlS

Maximum
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Relevance

Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Only reason thisis not outstanding is that reforming is not absol utely critical to vision as H, can be supplied in
other ways, however, | think we need to go thisway.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Question the use of nickel catalysts: Nickel has been shown by many to be poisoned by sulfur and have high
propensity to form carbon. The potential for the quickest way to degrade base metal catalystsisto have them

undergo 50 oxidation-reduction cycles. Durability is questionable.

For transportation, start-up timeiscritical. This barrier needs to be addressed.

Integration isareal strength.

Project is mature so feasibility is fairly well established.
Design and integration appear quite innovative.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

The specified catalyst life of 2000 hrs of catalyst (before maintenance) seems low.

It appearsthey are projecting electrical costs of about 14 cents’kW; thisis extremely high. Eight cents at

500 kW + 10000 units. | don’t think thisis commercially viable.

Itisunlikely the nickel catalyst istruly sulfur tolerant. The fact that it gets regenerated every 5 minutes prevents
it from being noticeably poisoned by sulfur.

Three hundred hours of testing - not much of adurability test for the reformer.

Good cost modeling.

While not meeting all targets (e.g. CO level), the important aspect is that thisis an integrated system and such
barriers can be overcome by plugging in an improved module.
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Impressive amount of work for the funding level.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 2.33 for technology transfer and collaboration.

Appearsto have no current interactions.

No collaborationsin thisfiscal year but oneis planned for next year.

Transfer of thistechnology to demo that integrates with fuel cell under auspices of California Energy
Commission and Air Resources Board is agood indicator of R& D success and an appropriate graduation.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.00 for proposed future work.

| think future work should concentrate on catal yst durability/stability.
Future work does not address start-up time.

How can this project "improve reliability"?

Decision points are not defined.

Strengths and weak nesses

Strengths
Three kW-scal e units built and tested.
They seem to work pretty well.

Weaknesses
- The stability, poisoning, and issues with carbon formation have been documented. A plan is needed to
overcome these issues.

The cyclic valve potentially will have durability issues especially with carbon being formed with the nickel
catalyst.

The cost projections appear to be too high.

Specific recommendations and additions or deletionsto the work scope

This project really needs to demonstrate the suitability of nickel catalysts.

Interactions with anational lab or university to do some fundamental catalyst evaluation could help.

They should explore: NiS, NiC, and physical stability of Ni i.e. dusting. All could be done at relatively small
benchscalelevel.

Start-up timeis not addressed. Isthis project for land-based reforms? |f this project is being funded for
transportation, start-up time should be added to the scope of the work.
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SECTION 2: HYDROGEN STORAGE

This section includes projects that explore various pathways for storing hydrogen or its precursors for both vehicular
and stationary applications. The focus of this program element is primarily on on-board vehicular storage systems,
but off-board applications such as hydrogen delivery and refueling infrastructure, Power Parks, and vehicle interface
technologies for the refueling of hydrogen storage system on vehicles are also explored. The aim of these effortsis
to achieve the following milestones established in the Hydrogen, Fuel Cells and Infrastructure Technologies
Program Multi-Y ear Research, Devel opment and Demonstration Plan:

Hydrogen Storage

Demonstrate on-board hydrogen storage systems with a 6% capacity by weight by 2010 and a 9%
capacity by 2015.
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HYDROGEN STORAGE

Project #44: DOE H, Composite Tank Program
Srosh, Neel, Quantum Technologies Inc.

Brief Summary of Project

Overall Project Score: 3.10 YU el Eals
In this project, Quantum Technologies is migﬂguemi
working to further their “TriShield” composite Minimum
fuel storage tank technology. They will 40 _ —_ —_ _

develop, demonstrate, validate and deliver
5,000 psi tanks (7.5 wt% and 8.5 wt% Type
IV) and 5,000 psi in-tank-regulators to the 3.0 o}
DOE Future Truck and Nevada hydrogen bus
programs. They are aso working to
demonstrate 10,000 psi storage tanks. 20

Question 1: Relevance to overall DOE
objectives 10 -

This project earned a score of 3.17 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Without progress being made by this
vendor, President's vision couldn't happen. Lots of learning on crucial ancillary components.

Compressed hydrogen is a"second-best” solution and to be more relevant, it would need to show significant
technology advances.

With all of the compressed work, there isthe "hard upper limit" for energy densities that callsinto question
whether these technologies ever (even theoretically) can achieve 2015 targets. But, they are the currently most
viable technology, and this work seems well-aligned with DOE objectives. (Already beyond many of the 2005
targets!)

Tanks arelikely to be a short term solution to H; storage. 10,000 psi is critical for volume and mass efficiency.
Cost reduction is needed to meet DOE targets and to make technology affordable in high volume automobile
production.

Thetargets have moved, so their original 10 kpsi system only meets the new '05 goal. Thisisnot acriticism, as
it appears that the’ 10 goals might be reachable.

High pressure tanks are currently the prime candidate due to product maturity, so thisis quite relevant.

Valuable contribution to the mid-term goal s, incapable of meeting ultimate goal.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Great expertise applied, but some lack of ambition on mass efficiency.

Nice integration work (not under DOE contract).

Progress on fast fill.

Approach is cormprehensive and focused on cost reduction and BOP components.

Progress well described, but very difficult to assess the technical approach of thiswork. The approach wasn't
really described. So, ranking in this category isabit of guesswork based somewhat on their past progress.
The approach seemsfairly conservative; it would be nice to see this group pushing the edge of the envelope a
bit more, especially with their DOE funding — conformable tanks, new materials, cheaper fiber production, etc.
Report did not provide alot of information about research process, plans, etc. Was more of a progress report or
a"sales/corporate” story.

The approach was to work first on weight, then on capacity, but these are not mutually exclusive! Thereis
nothing in the approach to minimize material, and thus to maximize volumetric efficiency.
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The approach is very conservative, and does not indicate any “out-of-box” thinking. Why don’t they look at
fiber materials other than carbon? How about aramids, synthetics, spider silk, other oddball ideas? What about
lower cost methods of production?

Parallel approach to multiple barriersis suitable to meeting all goals. Greater emphasis on reducing weight of
regulator, hangers, tubes needed. Cost needsto drop alot.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.17 based on accomplishments.

Not ambitious, but solid proof of feasibility. Understanding of issues gained at 10 kpsi confirms results at
national lab.

Presenter did not specify what the tasks were for thisyear. Many of the objectives were accomplished in
previous years.

Already beyond many of the 2005 goals!

Itisdifficult to assess how much is specifically due to DOE's contract vs. the in-house work that would have
been done anyway

Have made progress from 350 bar to 700 bar. Hope to see significant progress toward regulatory
approval/certification of 700 bar tanksin the U.S.

Fairly good progress towards original goals, and they recognize that cost isan issue. However, they do need to
do morein the areas of design and manufacturing optimization.

Quite impressive advancement over the years, though it is unclear to what extent this contract has driven that.
Fast fill in 3 minutes is an important demonstration.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 3.67 for technology transfer and collaboration.

No transfer needed, Quantum is a partner of the car companies (GM equity).

Pro-active on safety regulations.

INEEL CRADA on linersisan important collaboration.

Good collaboration with all OEMs.

More of thistechnology has been "transferred” than any of the other storage options.

Good mixture except that universities seem to be missing.

Already in industry and selling product. Working with suppliers of key materials. Obtained certifications. These
are all good efforts to integrate other information and access ideas in national |abs.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.50 for proposed future work.

Future work not tasked or funded - DOE's fault, not Quantum's. Much of what Quantum is working on would
happen without further DOE funding.

Presenter did not show enough detail to be able to evaluate future plans.

Thermal management and burst factor reduction are key barriers that should be pursued.

Report not specific enough about funded vs. unfunded future plans. Unclear which plans are funded and
planned.

No timelineisidentified to certification of 700 bar tanksin the U.S. or to finding lower cost solutions.
Thelist of future areasto investigate is good, but no actual plans were presented. They should focusalot on
costs — materials and manufacturing.

Right ideas, unclear if the exact plans are going to get them there. Need to focus on reducing volume via smart
tanks (less tank volume). How will they reduce cost of fiber and mass of balance of plant?

Durability (cycling) in fast fill will need to be proven.
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Strengths and weak nesses

Strengths
None specified.

Weaknesses
- Unclear on future plans.
Very conservative approach yielded safe, good results. However, their thinking is not “ out-of-box” enough
with respect to materials, manufacturing, and statistical design.
How much of this work was performed with DOE funding? What was the level of DOE funding?
System unlikely to reach 2015 goals so this needs to aim at the 2010 target and then close out.
Thisisan important program for meeting the intermediate goals on time.

Specific recommendations and additions or deletions to the work scope

Too much emphasis on weight reduction. Safety, cost, and refueling are most important.

It seems that the issue of low-cost carbon fiber is of central importance to the future of thistechnology. It's not
clear if thistype of work will be done or if thiswill be entirely relegated to suppliers. Also, the description of
"significant cost opportunities” was extremely vague -- what opportunities? How accomplished?

Investigate other materials, thinner walls, lower cost manufacturing conformable tanks.
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HYDROGEN STORAGE

Project #45: Development of a Compressed H, Gas I ntegrated Storage System
Wozniak, John, Johns Hopkins University/APL

Brief Summary of Project

Overall Project Score: 2.81 YU el Eals
In this project, the Johns Hopkins University oo E
Applied Physics Laboratory will advance the Minimum
technology elements required to develop a 40 —_ —_ —_

sami-conformal  compressed hydrogen gas
integrated storage system for fuel cell vehicles.
As part of this research, Johns Hopkins will 3.0 Q
attempt to develop materials and treatments to
reduce hydrogen gas permeation through tank
liners, an optimized carbon fiber/epoxy resin 2.0
tank overwrap, and alternative designs and
materials for constructing the unifying
elements of the integrated storage system. 10 W

Question 1: Relevanceto overall DOE
objectives

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 286 for its
relevance to DOE objectives.

Better DOE H, storage mission statement, obtained from program manager, that matches program rationale due
to what DOE solicited in FY O1.

A new approach moves some functionsto shell outside tank.

Relevance isin question due to low volumetric efficiency. Otherwise, the concept is creative, good, and
focused.

The issue of conformable tanksis an important one, and thus this work is most welcome. However, aswith all
compressed programs, the energy density needs to be addressed. In this case, the system will obviously
decrease the energy density compared to asingle tank. What isthe "penalty” for this design?

Tanks arelikely to be short term solution to H, storage. 10,000 psi is critical for volume and mass efficiency.
Cost reduction is needed to meet target and to make technology affordable.

Thefocus on semi -conformable high pressure tanksis very relevant to the eventual design of hydrogen powered
vehicles.

Valuable contribution to the mid term goal's, incapable of meeting ultimate goal .

Semiconformable is definitely the right direction.

Question 2: Approach to performing the research and development

This project was rated 2.71 on its approach.

Coupling to vehicle (first analysis| know of) isimportant and unprecedented integration issue.

This new approach may be fundamental to improved safety.

Well focused project. Well defined mission. Good possibility of success.

PI should strongly consider the value of working with OEMs (safety) personnel, SAE and DOT.

PI should consider the existing SAE standards and other issues related to actual use and integration of the
design.

Consideration is needed for the design of ahigh reliability outer shell that will not be penetrated by road debris,
or to inform the operator if the shell has been compromised.

Concept has merit, but is currently nothing more than an academic exercise that cannot be fully applied.
Bonfire test should be conducted with the cylinder(s) in the case.

The program should NOT assume safety margins will be lowered in any code or standard.

Theideaof dividing tasks of tank functionisclever.
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Could do less on packaging and more on tanks. OEM s can concentrate on packaging once technology has made
more progress.

Novel approach to conformable storage, but | have concerns about test results where saf ety/engineering design
margins were in some cases barely met.

Theidea of separating the functions of containing pressure and protecting the tanksis very intriguing. However,
they are still constrained by the use of cylindrical tanks.

Although their sequence of development islogical, this approach may not yield optimum energy density. That
said, itisagood start.

No work indicated on cheaper/stronger fibers or statistical design.

The focus on vehicle design was an unnecessary distraction and drain on resources. They should focus on their
technical goals, which are truly pre-competitive, and leave vehicle design to the OEMs.

Semi -conformableis a better routeif it can be achieved.

Clever approach — dividing tasks the tank must do, but the implementation is not looking promising, especially
on volume!

Despite certain weaknesses, the idea of separating the functionsinto separate structuresis worth pursuing - for
example, an internal structure liketie-linesto take load, and the skin to give protection.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.83 based on accomplishments.

M oderate ambition on integration tasks; not ambitious on core tank technology, competent but not progressive.
Good experiments on permeation.

Seems to be making good progress toward achieving the goals.

Making progress but | am concerned about slim margins to meeting key test requirements (such as gunfire/fire).
Need to work more on manufacturing processes. Work on in-vehicle packaging ought to be | eft to the
manufacturer, and work in this project ought to focus on addressing safety and manufacturing issues.

They methodically addressed failures, improved permeation, and increased volumetric and gravimetric storage
efficiencies. They also focused heavily on manufacturing and system costs and on safety, indicating a good
grasp of automotive requirements. However, results still fall short of the newest storage targets.

How much of this was done with DOE funding, and what was that funding level ?

Good safety progress.

Not achieving the real strength of conformables, good density.

Not making quite the progress one might want on certification.

Work on crash system is good, implementation needs help (see part 5).

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.83 for technology transfer and collaboration.

DaimlerChrysler cooperation in 14 demo vehicles. Good cooperation and |earning from academic center in
Ohio. No obvioustechnology transfer partner for future.

Good collaboration with General Dynamics.

Because the system is sealed, thisislikely to lead to difficulties in inspection for damage, etc. Should address
thisissuein the future.

Unclear from presentation how much collaboration thereis.

No national lab involvement was reported.

Working with industry. Working with other universities. Selling product. Working with industry suppliersto
address goals and quality.
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Question 5: Approach to and relevance of proposed future research

This project was rated 2.80 for proposed future work.

Will make demo vehicle integration easier.

Some cost reduction, slightly sloppy with volume lost.

Pursuing several innovations with high cost leverage.

Good detailed plans with collaborations and milestones.

Agree with future plan and need for improved toughness, to find industrial partner, etc.

They did have good plans to both increase storage efficiency and reduce cost. Addressing the factor of safety is
agood start toward statistical design. However, the basic design still includes alot of volumein the balance of
plant.

Looking at lower factor of safety istheright thing if the reliability isthere, and only if it isthere. Need to put
more emphasis on volume!

This may never be suitable even for near term goal. Need to address safety of single solenoid and sensor in
accident.

Strengths and weaknesses

Strengths
Solid mechanical engineering. Hardware focused.
The focus on costs and vehicle performance requirementsis good.

Weaknesses
No collaboration with car companies.
Low volumetric efficiency.
Probably want to concentrate on storage and et auto industry do the crash packaging.
Crashworthinessis an area car companies do well.

Specific recommendations and additions or_deletionsto the work scope

| question the value in researchers wanting to address issues of changing regulatory requirements— ought to
expend efforts at addressing design i ssues and manufacturability.

There should be some effort to find cheaper/better fibers.

Statistical design should beincorporated to optimize design.

They should not do any more vehicle packaging work.
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HYDROGEN STORAGE

Project #46: H, Storage Using Lightweight Tanks
Weisberg, Andrew, LLNL

Brief Summary of Project

Overall Project Score: 2.52 YU el Eals
Lawrence Livermore National Laboratory is “gggjgguemi
concentrating on hydrogen storage using Minimum
lightweight tanks. They plan to build and 40 —_ —_ _

operate the best hydrogen container
technologies, explore the performance of
recently  discovered  non-pressure-vessel 3.0 o}
structural containment options for compressed
hydrogen, and demonstrate fundamental
improvements in hydrogen containment safety 2.0
by quantifying optimality, fixing computer
aided engineering models, adopting process
research and through continued L0 T
experimentation.

Question 1: Relevanceto overall DOE ,
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
objectives | Progress Collaborations Future Research

This project earned a score of 2.75for its relevance to DOE objectives.

The goals and objectives of this program are somewhat obscured by the funding and facilitiesirregularities.
Nevertheless, one does wonder if the work presented is actually what this program was funded to do?

Novel approach and thought process to address tank issues. Statistical experimentation and research could prove
valuable.

Of course hydrogen storageis relevant to the eventual implementation of a hydrogen economy, and high
pressure tanks are clearly in the lead with respect to product maturity. The ideas presented go to the heart of
high pressure storage issues— cost, energy density, and vehicle implementation.

Hard to assess as they have not really gotten going.

Question 2: Approach to performing the research and development

This project was rated 2.75 on its approach.

Parts of the presentation were unclear and it was quite difficult to assess the technical approach. For instance,
slides contained too much text, too many equations, unfamiliar symbols, and unfamiliar dimensionless units.
Thiswork might be very important and have a significant impact on DOE's objectives; however, if the
presentation is not clear, the review panel cannot make an informed judgement.

| applaud the desire to get reliable empirical datasets of statistics for these failurerates. However, in this sort of
analysis, naturally, the observed rates will bein thetails of the distributions. Thusthe form (e.g. Weibull vs.
Gaussian) iscritical, and small data setswill not adequately account for these tails.

Theideaof the ultra-conformable zoo structuresisintriguing. Theseideas should be put into practice.

It appearsthat alot of innovative thought has been given to the challenge of finding volume- and mass-efficient
storage designs. Unfortunately it is unclear where the research isgoing.

It is not clear from the presentation just what the original plans were, and how they intended to approach the
problem. However, the three directions which have evolved despite (or because of) program funding, facilities,
and personnel glitches, are each unique and intriguing.

Statistical design should be rigorously applied to high pressure storage systems, as the application of industrial
and aerospace technol ogy to mass produced automobiles demands that saf ety factors and usage assumptions be
revisited.

Pre-stressed macroscopic internal lattice structures present an excellent opportunity to develop atruly
conformable high-pressure tank (which isaHoly Grail).
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Developing a mathematical “unified hydrogen storage theory” to assess tradeoffs associated with various
hydrogen storage systemsisabrilliant, if ambitiousidea.

Interesting and needed look at how reliable these systems are.

Inside structures are an interesting idea, more work should be done for confirmation.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.33 based on accomplishments.

The accomplishments are not impressive, but due to the funding irregularities (and poor presentation), it is
difficult to assess this yet.

Although funding limits appear to have precluded work planned, it appears that alot of innovative thought has
been given to the challenge of finding volume- and mass-efficient storage designs.

It isunclear where the research is going.

The project hasresulted in little more than excuses for why things weren’t done. To be fair, funding, people and
facilities were not available.

The new directions presented indicate that alot of original thought has gone into how to optimize high pressure
storage systems. It isacase of 98% inspiration and 2% perspiration.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 2.00 for technology transfer and collaboration.

No discussion of collaboration.

Minimal, but then actual program work has not really begun. Some collaborations are suggested for future
work.

No obvious collaborations.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.75 for proposed future work.

With the presentation conveying little useful information, it is difficult to assess.

Author lays out hope for new approaches, but is hon-specific about future plans or how optimistic vision would
be achieved.

This presentation was all about proposed future research. It isvery intriguing, and represents three areas of
unique original thought.

Definitely needs to be communicated better.

Strengths and weaknesses

Strengths
None specified.

Weaknesses

- Lotsof ideas, new concepts, but no concrete plans or roadmap to specific/deliverable goal.
No progress to report, but great ideas. However, reviewers don’t want to hear excuses. Also, don’'t assume that
everyone can think in the abstract — it took quite alot of time and discussion to understand what the Pl was
trying to communicate. Understanding could have been enhanced through the use of simple language and
standard notations.
Until thisis put in alanguage that others can understand, it will be hard to fully evaluate.
| like that he has come up with cool ideas when he did not get funding.
I question how well he will stay on topic if/when heis funded.
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Specific recommendations and additions or _deletionsto the work scope

Aggressively move forward with the proposed areas of research.

Include funding level for this program.

Three good ideas to follow in some way: 1) Statistical effects on safety and cost and so on. 2) Prestressed and
internal support members. 3) Analytical approaches to tradeoffs between mass, volume, etc.
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HYDROGEN STORAGE

Project #47: Insulated Pressure Vesselsfor Vehicular Hydrogen Storage
Aceves, Salvador, LLNL

Brief Summary of Project

Overall Project Score: 2.60 YU el Eals
In this project, Lawrence Livermore National oo E
Laboratory will demonstrate the advantages of Minimum
insulated pressure vessels for hydrogen storage 40 —_ —_ _

in terms of inproved packaging, reduced
evaporative losses, and reduced costs.
Through their work on this storage technol ogy, 3.0
Lawrence Livermore will aso develop
standards for assuring the safety of insulated
pressure vessels. 20

Question 1: Relevance to overall DOE
objectives 10 -

This project earned a score of 2.50 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

The speaker did not give gravimetric and
volumetric system numbers for this concept. Thisisacrucial (and perhaps, most important) aspect of this
project, and it wasn't mentioned! (When asked, the gravimetric number of ~5% was given.)

Liquid H, storage is an alternative short term storage possibility. Conformable approach directly aligned with
OEM needs.

Thisisanother attempt to improve hydrogen storage efficiency, sofrom that standpoint, it is relevant. However,
one must question a design which combines the negative volumetric attributes of two storage techniques, and
then requires two infrastructures (or at least 1.5) to realizeits full potential.

Good for interim goals. Not for 2015.

Question 2: Approach to performing the research and development

This project was rated 2.50 on its approach.

It apppears that a methodical approach was taken.

Photos seem to indicate that the tank evaluated istoo large for automotive use.

Statement regarding feasibility of having both liquid and compressed hydrogen at same refueling stationis
unpersuasive.

The approachis strange. Although it isan attempt to provide the benefits of both high pressure and cryogenic
hydrogen storage, a conservative approach was used, so afull pressure containment system was included inside
acomplete vacuum “thermos-like” insulation system. Naturally, this can be expected to result in low
gravimetric and volumetric energy capacities. That said, the future concept for arectangular tank with internal
structure is exciting, and bears further devel opment.

Interesting concept with chance of getting the best of both worlds. This needs gate review to make sure that it's
not headed for the worst of both worlds.

Cost isareal question, one that will be resolved only with proper, inexpensive materials.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Itisan interesting and unusual idea, and the progress reported is encouraging.
Testing of LH, tank under various conditions, but no details about whether design evaluated meets DOE targets.
There was good progress toward the goals, but | question whether the goals were logical.
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Testing has been positive.

Gravimetric and volumetric energy capacities should have been specifically reported.

Hard to believe that the incremental infrastructure and fuel costs for the liquefied fuel are aslow asthey say —
more detail isrequired in that analysis.

Progress on certification is needed.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.00 for technology transfer and collaboration.

Collaboration with SunLine demonstration vehicle: the connection of these vehiclesto theinsulated pressure
vesselsis somewhat unclear. More detailed discussion of these prototypes would have been appreciated.
Partially funded by SCQAMP.

No mention of universities.

Working with customer and standards setting organizations and outside funding.

Question 5: Approach to and relevance of proposed future research
This project was rated 2.00 for proposed future work.

Thereislittle indication of the vision, "where is thiswork headed"?

Will beinterested to see results of computer modeling to seeif anon-cylindrical conformable tank can be made.
But report does not lay out specific plans or roadmap to design, develop or test plans proposed.

Theideato pursue aform of semi -conformable tank is good, asisthe intent to apply more rigorous 3-D analysis
of complex stress states. However, no specific plans defining work in these areas were presented.

Need to establish early on if internal stiffeners are likely to work at thistemperature in a vibration environment.
Actual plans not too clear.

Strengths and weaknesses

Strengths
None specified.

W eaknesses

Isn’'t there away to combine the positive attributes of the systems without bringing along the negative baggage?
Anideal would be a conformable tank which can also insulate, but which does not include all of the weight and
volume associated with both high pressure containment and cryogenic insulation.

Cost argument is not very sound. Infrastructure costs likely to be much higher than stated.

Specific recommendations and additions or deletionsto the work scope

Revisit infrastructure costing analysis and effects of liquefaction on fuel cost. Measure hydrogen capacity of
the system as afunction of temperature — are there benefits to cold gas which is not cryogenic?

Specify level of DOE funding on this project.

Confirm the 5% system storage. If true, thisis good.
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HYDROGEN STORAGE

Project #48: Low Permeation Liner for H, Gas Storage Tanks
Lessing, Paul, INEEL

Brief Summary of Project

Overall Project Score: 2.75 YU el Eals
Idaho National Engineering & Environmental oo E
Laboratory (INEEL) is currently working to Minimum
develop a polymer liner that greatly limits 40 —_ —_ _

hydrogen losses from commercial, light-
weight, composite, high-pressure hydrogen
tanks. In order to complete this objective, 3.0 |
INEEL will select and fabricate polymeric
materials with the necessary electron and

proton conducting properties, fabricate a 2.0 |
“bench-top” model of tri-layer,

electrochemically-active protection device that

reduces hydrogen permeation through polymer 10 i

“substrates,” and deliver a prototype system.

Question 1: Relevanceto overall DOE ,
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
objectives | Progress Collaborations Future Research

This project earned a score of 2.50for its relevance to DOE objectives.

Existing Type IV tanks already meet permeability requirements, so the justification for this added complexity
should be clearly articulated.

Could, if successful, support goals of low cost, size and mass.

I’m not sure how relevant thisis, given the good permeation performance of existing tanks. It seemsto be an
answer to a question which has not been asked. However, any focus on reducing the cost, weight, and volume
of ahydrogen storage system does hold some interest.

Useful for intermediate steps, may serve final goal too if polymer tanks serve solid storage.

Question 2: Approach to performing the research and development

This project was rated 2.50 on its approach.

Thejustification for this project as awhole must be addressed. The tanks are already expensive and meet
permeation standards; why add complexity and cost to this system?

Patent application, CRADA and university sub-contract are some indicators of progress.

Design approach isintriguing but | question if it will be a practical approach since constant electric current is
need to the barrier located inside the tank.

Assuming permeation is an issue, the idea of using an electrochemical barrier isunique. However, the cost of
applying a multi-layer internal coating, the potential leak paths caused by terminations, and the need for
constant current (which costs some efficiency) limit the usefulness of this approach in this application.
Clever ideato make a voltage barrier to protons trying to diffuse through metal liner films. The magnitude of
the problem solved is not clear to me.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

More information about the catalyst would be useful in assessing this technology.

The cost of this material/process should be discussed, particularly in light of the justification (cost benefit
analysis).

Sounds like an interesting technical approach that warrants additional investigation.
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Thisisthefirst year of the program, but they have IP and contractual documentsin place. In addition, work has
begun, materials have been selected, and test plans arein place.

Suitable progress given short time on task.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.25 for technology transfer and collaboration.

Doing CRADA work with known/respected manufacturer.
Linking with appropriate university and industry people.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.50 for proposed future work.

Appearsto have good plan for future research that builds on past work.
Given the goals, these plans make sense. However, I'm not sure that the cost savings or improved storage
efficiency resulting from thinner linings will justify the cost and complexity of this system.

Good plans but order islikely to bewrong. Need to find leak rate expected and see if current material can
handleit.

Need to appraise cost reduction because that isthereal valueto this, cost versus other liners.
If current islow, may want to look at some sort of passive system.

Strengths and weaknesses

Strengths
None specified.

Weaknesses
- Cost may become an issue.
Thisis mildly interesting technology, but it focuses on a problem that doesn’t exist. Can it be applied in another

way? How about using it for in-tank pressure or temperature measurement? Would that be cheaper or more
reliable than existing sensors?

Need to seeif thisis needed given the existence of tanks with known success.

They really do not know if thisis needed or how badly it is needed. Continued funding should hinge on
showing a problem exists and how much power will be eaten.

Specific recommendations and additions or deletionsto the work scope

They should investigate the effects of liner compression on permeability. If current tanks meet permeation
specifications (and they do), why add 3 layers, electrical terminations, and high pressure sealsto make it better?
How much current must be used to keep the hydrogen in? It will have to figure into the overall efficiency of the
system.

Really needs to get data on current permeation rates and what the costs are.

Need to evaluate power draw.
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HYDROGEN STORAGE

Project #50: Catalytically Enhanced H, Storage Systems
Jensen, C., University of Hawaii

Brief Summary of Project

Overall Project Score: 3.53 YU el Eals
The University of Hawaii is developing e E
catalytically enhanced hydrogen storage Minimum
materials capable of being used in vehicular 40 —_ —_ —_

applications. The materials will have greater
than 6 wt% hydrogen storage capabilities, and
can undergo dehydriding and rehydriding at 3.0 o]
temperatures below 100°C, and maintaining
more than 95% of their hydrogen capacity

through more than 200 2.0 i a
dehydriding/rehydriding  cycles. To

accomplish this, they are studying kinetics and

mechanisms of the fundamental dehydriding 10 i

and rehydriding reactions.

Question 1: Relevanceto overall DOE . :
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
objectives | Progress Collaborations Future Research

This project earned a score of 3.20for its relevance to DOE objectives.

Most work highly relevant. Some characterization work questionable.

Very nicework, good understanding, BUT - even if successful thiswill only deliver intermediate targets. There
isafundamental material limit and it is not clear where this can go.

Can fundamental s |earned here help to guide where we need to go? | see limited prospects!!
The"conventional" sodium alanate (NaAlH,4) obviously will not achieve the 2010 or 2015 system performance
targets; however, understanding the role of Ti is crucial towards opening up new classes of materials that could
conceivably achieve these goals.

Although alanates cannot actually meet the new DOE goals for hydrogen storage, the work to determine the
effects of dopants and the mechanisms of how they change hydrogen storage capacity, reversibility, and
adsorption kinetics can potentially lead to other solutions.

Obviously only suitable for early goals, but may show the way to help other solids.

Question 2: Approach to performing the research and development

This project was rated 3.17 on its approach.

Good progress but the approach israther ill-defined, as described through the objective.

Needs more focus.

Fundamentally, thisis a materials project.

Approval searching for fundamentalsis very good.

Good progress.

Global collaboration isimpressive, but probably not very effectivein terms of efficiency.

Need preliminary economic analysis. How much does alanate cost now? Target price? Economics for
forecourt where wt% doesn't matter?

The hypothesized mechanisms of Ti substitution are fascinating, and | applaud the PI for at least proposing a
hypothesis about the role of Ti; however, several questions arise with regard to this: 1) The x-ray diffraction
datalooks extremely noisy; is there areason that one only can get 0.01 Angstrom resolution? (Thisis nearly
the size of the entire effect that you're looking for. | understand that the samples for the neutron diffraction data
are much higher purity, but you give two orders of magnitude better resolution in thiswork — down to 0.01 pm.)
This diffraction data also seems to be key in the leap to the idea of bulk substitution; to that end, it is critical to
be able to explain the unusual shape of thisdata. (Isthisunusual shape also reproduced by Gross, for instance?)
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2) Another key component istheideathat Ti substitutes on the Nasite, thereby creating two H vacancies (and a
possible avenue for enhanced kinetics?) as well asleaving the Al available for H binding. Thisideaof the
3+/1+ substitution seems quite surprising, garti cularly when thereis a3+ cation (Al) in the structure. So, itis
critical to understand whether or not the Ti°" goes on the Na or Al sites? Also, whereis Ti in the dehydrided
state? Thisisjust asimportant as understanding the mechanism for Ti in the hydrided state, and it seems as
though there's even less information about this. The proposed test of 20% doping should help to shed light on
this most interesting problem (i.e. in a dehydrided sample with 20% Ti, surely one should be able to determine
whether thereis TiH,, Al3Ti, etc., and how much?).

This appears to be a sound technical approach to understanding the effects of dopants.

Methods are quite good, wide range of measurements to understand the system.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.60 based on accomplishments.

Very good progression on mechanism definition.

Within the limitations of the inherent materials problem, great science.

"Bulk" model seems well established.

The hypothesis for site substitution is quite interesting, if not yet completely compelling in my mind. However,
the most interesting result of this hypothesisisthat it provides, asyou point out, an entirely testable ideafor
improving the storage density of the alanates. Whether or not one can get 6 wt% out of a highly doped (but
NaCl-free) sampleisaclear test of thisidea. It will be interesting to see the progress along these lines.
Following theidea a bit further: why not just remove Naall together and form a Ti alanate or Al3Ti hydride.
Doesthe hypothesis predict anything about the storage properties of these materials?

Ti was shown to be the best and lightest dopant. NaAlH,4 data was promising, but kinetics were shown to be too
slow.

They learned that doping is abulk effect, and used experimental methods to determine the effects of doping on
the lattice structure of the material. They also verified changesin plateau pressures resulting from doping, and
developed atheory regarding sodium and a method for removing it, and thus potentially improving storage
capacity.

Making good progress in improving kinetics and understanding the bulk phenomena.

Work de-salting isin the direction of meeting goalsin solid phase.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 4.00 for technology transfer and collaboration.

Many collaborations. Great coordination.

Great collaboration. Probably too early for industrial engagements and little is done (appropriately). No
criticism of work or approach. Need to find fundamental limits. Great basic work.

Excellent collaborations with awide variety of researchers.

They’ ve got everybody involved.

Set up work with needed people (university, national 1abs, etc.) to advance the work.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.67 for proposed future work.

Future work isill-defined. Thisis OK for university work.

Recommend focusing resources on more promising materials.

Only continueif learning is fundamental and transferable to other systems. Recommend moving to other
system.

Again, the testable hypothesis should be pursued, not only to obtain a higher storage material, but to confirm or
deny therole of Ti in NaAlH,.

FY 2003 Merit Review 96
and Peer Evaluation



Some work needs to be done in the role of Ti in the rehydriding process. Thereisvery littleinformation in the
community about thisimportant piece of the puzzle.

The plans for further characterizations of materials flow logically.

Plans well directed and on important targets.

Cycling of desalted material and production of higher storage materials are key and should be given precedence
over others planned.

Strengths and weaknesses

Str

engths

Thisis good science which may lead to other potentials for hydrogen storage. It aso improves the fundamental
understanding of the chemistry and physics associated with these materials.

Good understanding of the process.

All his hypotheses are testable. Itisimportant he test them and if the answer is he’ swrong, be brave enough to
accept it rather than fight the data (By the way, | think he has that courage).

Weaknesses

Need clean statement of approach. Thisprogram isalittle too free-form. Not alot of new results presented.
Too much emphasis on patents.
Only real weakness is the ultimate alanate specific mass.

Specific recommendations and additions or_deletionsto the work scope

Keep going!

Would be good to understand the molecular mechanism (how does the large island of metal dissolvein the NaH
so fast, what isthe actual process of hydrogen getting in and out of the solid).

It would be good to try to get smaller error bars on lattice work.

Find out where the Ti goesin the dehydrided form!
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HYDROGEN STORAGE

Project #51: Hydride Development for Hydrogen Storage
Gross, K., SNL

Brief Summary of Project

Overall Project Score: 3.30 YU el Eals
Sandia National Laboratories is seeking to migﬂguemi
develop new complex hydride materials. They Minimum
aim to develop materials capable of achieving 40 _ —_ —_ —_

6 weight percent system hydrogen capacity, to
improve kinetics of adsorption and desorption
and thermodynamic plateau pressures of Ti- 3.0 L
doped sodium aanate metal hydrides, and to
improve processing and doping techniques of

Lr
Lr

Ti-doped sodium alanate which will lower 2.0 i a

cost.

Question 1: Relevanceto overall DOE 10 m
objectives

This project earned a score of 350 for its : .
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

Working on NaAlH, and "other" alanates right on target.

Materials search is focusing on materials that have limited potential, would be better to expand material search
through collaborations and high throughput approaches.

"Conventional" alanate (NaAlH,) will not completely reach DOE's goals, but this program is well thought out —
to ascertain the empirical data and mechanisms behind the Namaterial, and extend thisto other materials.

It's nice to see a bit more effort on some of the engineering properties— thisis good, we need thisin addition to
the fundamental understanding!

Thefocus hereis on OEM requirements. To develop practical materials for onboard hydrogen storage, basic
science needsto be done. In particular, understanding the tradeoffs between kinetics and hydrogen capacity is
fundamental, and using that knowledge to improve kinetics, storage capacity, thermodynamics and cycle lifeis
absolutely relevant.

Obviously only suitable for early goals, but may show the way to help other solids.

Question 2: Approach to performing the research and development

This project was rated 3.17 on its approach.

Both engineering and scientific investigations are required. A road-map of the program would be helpful in
determining progress and approach.

Focus on materials search is much slower than | would expect.

Measured thermodynamics (DH) of reactions. Why not do this as a function of dopant composition, and then
you could settle this debate about whether or not the thermodynamicsis affected by Ti?

Although the specific approach was not spelled out, it could be derived from what was accomplished. A logical
progression was used to determine the effects of dopants on hydrogen storage of alanates.

Solid research program.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Good progress.
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Good progress, but limited hard edge focus. Several folks working together, sharing with Univ. of Hawaii
program would expect some element of program forming or approaching synthesis and surveying of new
materials.

Thework isclearly carefully performed and of high quality.

Ti was demonstrated to be important as a dopant. They also determined that it functioned by destabilizing the
system, and that both kinetics and thermodynamics arein play. And they figured out how to directly synthesize
some hydrides.

Good understanding of the evolution of the system in bulk.

Mg.FeHs is an interesting sidelight.

Materials properties are a critical step in implementation. Absorption work isimportant in improving charging
conditions.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.67 for technology transfer and collaboration.

Many international collaborations.
Too early to transfer good "academic” type collaboration, but potential for an extended team!!
Good collaboration so learn from and support other programs.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.17 for proposed future work.

Trajectory of work on track.

Troubled by slow pace planned to explore more attractive material composition space!

Perform preliminary economic analysis. Work on mechanical and electrical properties. Good addition to
program!

Plans are excellent and complement other DOE programs.

They plan to investigate other complex hydrides, such as sodium alanates. They are also going to develop
methods to determine engineering properties of the materials (thermal expansion, thermal conductivity,
electrical resistance, etc.) These are all necessary for future system engineering.

Strengths and weaknesses

Strengths
Much of thisis good, basic research to determine how things work. Although this program may not lead
directly to the true solution, the techniques and results will probably lead to developments elsewhere. The focus
on eventual system engineering is very good.

Weaknesses
Weakness of hydride effort (not just this work) is the lack of a HTE/coordinating materials program and of an
integrated computational/modeling effort to look at the experimental work. Strongly recommend that such an
approach be considered.

Frankly, more work needs to be done before | can begin to poke holesinit.

Specific recommendations and additions or_deletionsto the work scope

Keep going!
For the next program review, generate a slide specifically defining the technical approach.

Keep funding these guys. Engineering properties are not easy, | am glad they are doing it because thisteam is
good and careful.
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HYDROGEN STORAGE

Project #52: Hydrogen Storage Using Complex Hydrides
Sattery, D., Florida Solar Energy Center

Brief Summary of Project

Overall Project Score: 2.20 YU oyl Eals
In this project, the Florida Solar Energy Center “gs;jg‘guem E
(FSEC) is working to identify and prepare a Minimum
complex hydride that reversibly stores at least 40 —_ —_ _

6.0 wt% hydrogen and that optimizes kinetics
by the addition of acatalyst. To do this, FSEC
will determine hydrogen uptake and release 3.0 o} )
characteristics of each compound in pure and ]
catalyzed form and will study mechanisms of
catalyst action using physical methods such as 2.0 ]
x-ray photoelectron spectroscopy, Auger
€l ectron spectroscopy, and x-ray diffraction.

1.0 o
Question 1: Relevance to overall DOE
objectives
. . . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
This project earned a score of 3.00 for its ” | Progress Collaborations Future Research

relevance to DOE objectives.

These materials need to be evaluated in both charge and discharge forms!

New materials are critical to the President's Hydrogen Fuel Initiative.

It is nice to see more work on (theoretically) higher capacity materials; however, the technical merit of this
work isnot very impressive.

This program was focused on the original DOE targets, and did not take into account the balance of plant
hardware requirements.

The original scope was quickly determined to be too aggressive, indicating that they really didn’t understand the
magnitude of the problem. They therefore limited the scope to lithium aluminum hydride, which is relevant only
becauseits light weight is directionally correct.

Lighter complex hydrides are agood thing to look at, can meet near term goal and mid term goals.

The development of improved materials for hydrogen storage is of key importanceto the R, D, & D plan.

Question 2: Approach to performing the research and development

This project was rated 2.00 on its approach.

A thermodynamic analysis should be performed on as many compounds as possible.

The approach was not very clear with regards to synthesis of materials.

Consider screening more promoters. Don't limit consideration to what others have done.

The approach is sound, although fairly unimaginative.

The approach was to look at the effectsof material processing (ball milling), doping with elemental titanium,
and doping with titanium chloride on kinetics and reversibility. The process flows fairly well, but it is not clear
that they looked at other forms of processing or attempted to determi ne the causes of their effects. They also did
not provide much rationale for their choice of dopants.

Adequate to gain data with some work to understand the process as well.

Alanates are avery promising class of hydrogen storage materials. However, thiseffort has been restricted to
only the duplication of studies of Li and Mg alanates that have been published by other research groups.
Progress will reguire innovation.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.00 based on accomplishments.

Little progress on stated funding. Not the PI's fault.

The technical accomplishments of thiswork do not inspire me with confidence for the future. | do not
recommend continued funding for this effort.

Dehydriding of the base material and the effects of ball milling and doping on kinematics and hydrogen
capacity were measured. They did allow results to change program direction. However, no theories or
conclusions were devel oped to describe what was happening.

The results were against highly modified goals.

Progress on LiAlH4 has not been very meaningful.

Elemental Ti work with NaAlH, isnice.

Little progressin the laboratory can be expected as no funding was received in the current fiscal year. However,
some progress should have been made in the development of a strategy for the development of improved
alanates.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 2.17 for technology transfer and collaboration.

A few collaborations but not extensive.

No mention of universities or industrial partners.

Some collaboration with Sandia.

The envisioned collaboration with SNL has not been actualized. | understood the presenter to say that thisis
due to SNL requiring payment for their collaboration. The program director should intervene if SNL attempting
to “double dip” and true collaboration should beinitiated.

Question 5: Approach to and relevance of proposed future research

This project was rated 1.83 for proposed future work.

The compounds are a good selection, but intensive work on each is required.

Very unimaginative. Taking NaAlH, and replacing Naand Al with the next lighter elements (LiAIH4 and
borohydrides) in the periodic table is an obvious avenue for future work. There is no doubt that many
researchers will take up thistask. Thereal questionis: what do you bring to the table?

Their identification of Mg(AlH,), and borohydride powder as subjects for future study is good. However,
synthesis of the former may be a distraction, and reversibility of the latter is questionable. Frankly, these should
be investigated, but I’ m not sure FSEC isthe placeto do it.

Suitable but not very clear or ambitious.

The future plansare not directed toward the elimination of barriers.

Strengths and weaknesses

Strengths

W

None specified.

eaknesses

Limited resources curtailed research. However, an apparent lack of initial understanding resulted in too broad
of aninitial scope.

More explanation of the history and the program decisions made (and why they were made), and more focus on
understanding the observed effects would be useful.

Focusing on materials which could meet targets in systems would be more useful.

Note: comments need to be tempered by the low cash they got.
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The project suffers from lack of originality.

Specific recommendations and additions or _deletionsto the work scope

The effect of heating rate on dehydriding of the compounds should be investigated.

Future presentations should include a slide detailing the technical approach.

Topicisagood one, however it isnot at all clear they are the best or among the best to do this work.
The focus of the project should shift to alanates and borohydrides with novel formulations.

FY 2003 Merit Review 102
and Peer Evaluation



HYDROGEN STORAGE

Project #53: High-Density H, Storage Demonstration Using NaAlH;-Based Complex Compound Hydrides
Anton, D., UTRC

Brief Summary of Project

Overall Project Score: 3.37 YU oyl Eals
United Technologies Research Center (UTRC) oo E
is working to design, develop, and evaluate a Minimum
hydrogen NaAlH,-based complex compound 40 _ —_ —_ _

hydride storage system, having a 5kg
hydrogen capacity and installation capability
in a mid-sized fuel cell vehicle (FCV). In 3.0 o]
order to do this UTC will attempt to improve
the charging and discharging rates of the
NaAlH,-based complex compound hydride by 20
increasing the reversible weight fraction of
hydrogen stored to 7.5%, enhancing the
hydrogen evolution rate to meet steady-state 10 M
demand, and increasing the regeneration rates
to achieve the five-minute refill requirement.
They will also seek to determine the safety and . : .

risk factors associated with the enhanced Reevance A e e Colaboatons Futye heseach
compositions.

Question 1: Relevance to overall DOE objectives

This project earned a score of 3.50for its relevance to DOE objectives.

A working demonstration of an alanate storage system isimportant for the development of on-board storage
systems using hydrides.

First real full-scal e test of alanates!

Thiswork is crucia in that no one elseis considering the system-level issues of hydrogen storage in complex
hydride materials.

Although NaAlH,4 will not meet all of DOE's goals, it is clear that the lessons learned in this effort will likely be
applicable to future (higher density) hydrides aswell.

Asademonstration system for vehicular H, storage with fuel cell integration it is certainly consistent with
DOE's objectives.

Good broad approach to system.

The development and evaluation of a hydrogen storage system based on advanced storage materials such as
alanatesis of key importanceto theR, D, & D plan.

Question 2: Approach to performing the research and development

This project was rated 3.67 on its approach.

While very nice work has been done on materials characterization and modeling, it is not clear that much work
has been done on the design and testing of the storage system.

Excellent ab initio work. Excellent safety analysis.

After studying the slides, | now see the link between modeling and system building, and how it is an interesting
use of thermocalc data to feed into heat management modeling! | would have liked to see this connection more
clearly articulated in the presentation.

Nicely focused on the demonstration of a specific system, NaAlH,4 with the option of using the developed
methodology for future improved H, storage systems.

The approach iswell thought out in all aspects from material performance to safety testing protocols.

It was refreshing and encouraging that good use was made of quantum mechanics-based computational methods
to guide the effort, predicting the material's thermodynamic properties etc.
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Addresses most of the questions that need to be addressed to build a system. Nice mix of theory, engineering
and materials science.

The design of this project is excellent, given the time frame of the R, D, & D plan.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.17 based on accomplishments.

Good progress was made on modeling efforts and material s safety evaluation. More work needed on
material s/system testing to reach goals.

This project will define parameter/models for future complex hydride systems.

The progressis quite encouraging.

An excellent job thus far on performing basic safety tests according to UN/DOT protocols, basic kinetics and
system modeling, etc.

Making progress on many fronts.

Interesting ideathat the Ti may replace aluminum — needs verification.

Tank model to estimate high savingsis good work.

Excellent progress has been made in system design and safety studies. However, there has been some
inappropriate drift towards fundamental topics such as quantum mechanical calculations.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 3.33 for technology transfer and collaboration.

Several, if not many development partners.
Nice consortium of university, industry and national labs.
Good interaction with QuesTek.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.17 for proposed future work.

The project has well defined Go/No-go points. Plansto reach those milestones were not clearly defined.
Very high quality materials understanding and comprehensive engineering development work.

Good plan directions, would like to see them aim higher though.

Would like to see verification of the ideathat Ti may replace Al.

The future plans appear to be on target but no specifics were given.

Strengths and weaknesses

Strengths
Very high quality comprehensive engineering development work.
Strength isthat they are looking at engineering and that needs doing even if they don’t meet goal.
This project brings the industrial experience and know-how that will be required for the timely development of
hydrogen storage systems based on novel, high hydrogen capacity materials.

Weaknesses
Main weaknessis that thiswill not meet even our low goal.

Specific recommendations and additions or deletionsto the work scope

Maintain sufficient latitude in the design to accommodate other reversible H, sorbents, preferably specifying
what might be the ideal characteristics of such future sorbents.
In the coming year, the Pl should focus on scale-up rather than fundamental studies.
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HYDROGEN STORAGE

Project #54. Standardized Testing Program for Emergent Chemical Hydride & Carbon Storage Technologies
Page, R., SVRI

Brief Summary of Project

Overall Project Score: 2.70 YU oyl Eals
In this project, Southwest Research Ingtitute “f\;*;j;“g“em{
will develop and operate a standard testing and Minimum
certification program aimed at assessing the 4.0 - _ -
performance, safety, and life cycle of emergent
chemical hydride and carbon
adsorption/desorption  hydrogen  storage 3.0 o} )

materials and systems. As part of this project,
SWRI will work with industry and the US
government to develop an accepted set of 2.0
performance and safety evaluation standards.

Question 1: Relevance to overall DOE 10
obj ectives

This project earned a score of 3.00 for its .
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

With the new, large programs to come, and with virtual centers of excellence this model for centralized testing
makes less sense than it originally did. Thiswill be an inefficient way to work the storage areas.

Can act as an independent arbitrator in disputes but will not make key breakthroughs.

An unbiased standardized testing facility is critical to keeping the hydrogen program on the right course.
Initsgoal of providing a standardized evaluation of sorbents for hydrogen storage, the project istotally
consistent with DOE's objectives.

Thiswill serve avery useful, though not necessarily nationally critical, function since itsintended capabilities
already exist in afew laboratories.

Critical project to support all new materials work.

The controversy that has arisen about the hydrogen storage properties of novel, carbon-based materials does not
extend to other novel materials such as the alanates. Thus the envisioned center will be of value only to the
evaluation of one class of hydrogen storage materials.

Should one round of experiments on this now very suspect class of materials prove negative, the 3 million-
dollar center will be of no further value to the program. Furthermore, it is questionable if even theinitial round
of results would result in a consensus opinion about the storage properties of advanced carbons.

Question 2: Approach to performing the research and development

This project was rated 2.71 on its approach.

Having a broad range of test apparatusesis useful, but will "they" come?

Soliciting input from all projects and expertsin thefield is the correct approach.

Project is on track by focusing on the objective of developing a standard testing and certification program.
The investigators have been very diligent in reviewing and carefully evaluating the various options for the
needed instrumentation. Their intended plans seen reasonable but there is a concern that (asfar asthis reviewer
isaware) they themselves do not have the personal specific experience with the various methodologies, and
should in the course of their development and use, seek and utilize outside expert input.

Being new to thefield, they need to concentrate hard on making the basic measurementsin avery dependable
way, every time. Multiple test methods to measure hydrogen content is appropriate.

Far too few labs were consulted about the facility design. Moreover, GMR was the only lab consulted that
enjoys agenerally well -respected reputation in the measurement of hydrogen absorbing-desorbing properties.
Leading experts at JPL and BNL were not even contacted by email. Asaresult, one-of-kind, controversial
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approaches, such asthose employed at Air Products have received too much consideration while basic problems
such as the inherent problem of buoyancy in high pressure TGA measurements have not even been considered.
More input from the “hydrider” community that has made a living measuring hydrogen absorbing-desorbing
properties for the past 30 years should be obtained BEFORE afacility is established that produces yet more
guestionable measurements on carbon-based materials.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.57 based on accomplishments.

Accomplishments limited due to limited funding.

Made good progress, though it seems agonizingly slow. My experience isthat thiskind of decision/selection of
adesign and construction should take 12 to 18 months!! |sthe government funding process slowing it?
State-of-the-art review and visits to leading labs were performed.

While they have made good progress towards the design of the required |aboratory, there appear to be some
important remaining issues: (1) The need for a method to determine the density of small samples of porous
materials. Thisdatais required for performing adequate buoyancy corrections when using the gravimetric
analyzer at high H, pressures. (2) Measurement of heats of sorption. Thisdataisjust as critical for evaluating
H, sorbents as capacity and there should be the meansto acquireit— at least asisosteric heats from H, sorption
isotherms run at different temperatures.

Basically building the facility right now.

The consulting of exp erts the measurement of hydrogen absorbing-desorbing properties has been far too limited
thus insufficient progress has been made in the design of the test facility.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 2.43 for technology transfer and collaboration.

Limited imput. Should be much broader due to scope of program.

Recommend continued efforts to visit other labs and solicit expert help and advice.

Inview of thisit's suggested that the PI consult closely on an on-going basis during the project with people who
have demonstrated expertise in the respective analytical methodol ogies.

Did do lab visits, good, but seemslargely an isolated effort without ongoing community input on alarge scale.
This may also affect buy-in at the end.

If the envisioned facility isto be accepted as the premier, last-word testing facility of hydrogen absorbing-
desorbing properties, then a much wider base of input and contact among university, government, and industrial
|abs throughout the world must be established.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.80 for proposed future work.

Future work on track with program.

Future plans were clearly delineated.

This standardized testing laboratory will have to "earn" its reputation by being able to consistently get data that
agrees well with preferably undisclosed data from well-established techniquesin other laboratories.

Plan to do multiple tests isagood one. Speciation isagood idea.

Current plansto proceed with the purchase of equipment without seeking further input will lead to the creation
of anirrelevant facility.

Strengths and weaknesses

Strengths
Strong on facilities.
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eaknesses

Weak on proposed application.

Thisisgoing to be an overhead burden. May have greater valuein looking at large scale storage materials later
in the program. Better value would be to agree on test procedures and round-robin testing by all program
participants as a condition for participating.

The Pl has been prematurely swayed by the opinion of afew high-stake holdersin the “carbon controversy” and
those with vested interestsin selling a specific brand of equipment.

Specific recommendations and additi ons or deletionsto the work scope

Develop technical contacts and program content.

Need to also provide heat of sorption measurements both for the small and large scale samples which are
ultimately necessary for the design of any sorption-based H, storage system. The heat data could be derived
from H, sorption isotherms taken at different temperatures but could desirably also be obtained from direct
calorimetry.

Itiscritical that the results from thislab be trustworthy AND trusted. A double blind round robin with the best
labs in the country, or the world, is needed.

Very little was said about protocol, this can not be ignored. The multiple test method is agood idea but it needs
to be codified.

The PI should consult with a broader base of experts as to the methods and techniques to be used in
measurement of hydrogen absorbing-desorbing properties.
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HYDROGEN STORAGE

Project #55: H, Storage in Carbon Nanotubes
Heben, M., NREL

Brief Summary of Project

Overall Project Score: 2.90 YU el Eals
The National Renewable Energy Laboratory is oo E
currently working on hydrogen storage Minimum
technology in carbon single-wall nanotubes 40 _ —_ —_ _

(SWNTs) to determine the extent to which
SWNTs can reversibly store hydrogen, to
discover the mechanism of hydrogen storage 3.0 o}
in SWNTs, and to develop simple,
reproducible, and  potentially  scalable
processes for producing SWNTSs. 2.0

Question 1: Relevance to overall DOE
objectives 10 -

This project earned a score of 3.14 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This family of materials has the highest
potential to meet targets. It isalso full of potential difficulty. Thereisatough road ahead, but it isworth the
trip! | like the concept of setting a deadline/gate!

It isdifficult to assess the relevance of this project until the results are confirmed and reproduced by an outside
group.

A high capacity, near ambient temperature, reversible H, adsorbent — the stated promise of thiswork - would if
realized be a much needed and significant advance towards the DOE's Hydrogen Fuel Initiative.

Nanotubes are atechnically intriguing opportunity that need to be evaluated quickly to determine whether they
aretruly aviable storage alternative.

If thisisreal, and if it can be verified, then it has the potential to be very relevant. Any hydrogen storage
research which has the potential to meet the goal is relevant to an eventual hydrogen infrastructure.

It isunclear if thistechnology can meet the standards, but if it does cycle 6% at moderate pressure and
temperatures then it iswell directed to intermediate goals.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Would love to see amuch broader materials-based collaboration, and characterization of materials by advanced
tools. Alsowould like to see a computational chemistry component to integrate experimental resultsinto a
coherent model.

Reproducibility isthe key. This hasto be addressed immediately. It must be the first thing to be done; there are
lots of creative ideas for how this might be accomplished, but no matter; it must be. Until thisis accomplished,
additional work in thisareais of little value to the community as awhole. The researchers at NREL have
clearly made many efforts to answer criticisms and perform additional experiments; however, the highest
priority should be verification of the results by someone outside of the NREL group.

The approach of using carbon nanotubes for H, storage was initiated and pioneered by the Pl (M. Heben) and it
has captivated the interest and attention of scientific investigators world-wide who have provided both strong
support and criticism for itsvalidity. The consensus opinion is that the approach does have promise and will
provide valueif it's pursued as very careful scientific work at a basic science level, particularly in close
collaboration with other laboratories.

Good technical approach to trying to understand (and defend) new technology. Still need independent
evaluation/confirmation of results.
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Perhaps because of previous skepticism, much of the direction seemsto have been driven by the need to explain
the history or thiswork and to justify results. Thus, it seems less focused, and more “ shotgun.”

The scientific approach is broad and comprehensive. Many experiments done to try to answer questions raised
outside — that’ s good. Need to understand how temperatures might be lowered or only about 3% can be
accessed.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

Improve work to address critical issues, but progress is much slower than | would like for such acritical
program. Transport isues need to be addressed!

Asthe Pl admitted, little significant new knowledge was gained in the past year of the project because most of
theteams' efforts were directed at trying to substantiate and reconfirm the previously claimed 7-8 wt% H,
uptake by a carbon nanotube/metal alloy combination. But this now seems to be behind them and we look
forward to seeing once again the creative and productive research of the previous years.

Much time has been spent defending against criticisms. Thisisn't necessarily bad, asit goesto the core of the
issue. They seem to have been drawn off target by the need to defend their work, but this has led to more
suspicion as they apparently have not welcomed, allowed, or helped any independent verification.

On the plus side, a carbon materials working group has been established, and they are working to separate the
effects of coupling and metal incorporation.

Interesting work to date.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 2.71 for technology transfer and collaboration.

Lot of room for improvement. But also need some creative solutionsto | P concerns that must abound. Too
early for industrial collaboration, but not for guidance!!

Therating is dueto the lack of urgency on the NREL group's part to see these results reproduced. This should
be their top priority.

The PI has been very open and communicative on an informal level with other [aboratories and many of us have
learned and benefited a great deal from these interactions.

Needed is more formally established actual collaborative work with material sampling and current information
exchanges. The PI's organization of the incipient "Carbon Group" isagood first step in this direction.

Good cooperation/dialogue with other labs, universities, but little industry collaboration—however at this stage
of the technology, thisis not an issue.

Thereis a negative with respect to independent verification of results. This must be resolved if the results are to
be accepted asvalid!

Appropriate group of partners, industry is not appropriate at this point.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Future plan is not aggressive enough!

Large samples (less than or equal to 100 mg) must be measured to gain credibility in larger community!
Hopefully, with the Carbon Materials Working Group (or other mechanisms?) the verification and
reproducibility of these results can be addressed in a short amount of time (< 1 year).

As acombination of carbon nanotube synthesis, structural characterization and H sorption/desorption
measurements with computational chemistry guidance, it'sin an overall sense agood plan. However, too few
details of these plans were presented to permit an adequate eval uation of the path forward.

Certainly, the Pl and his group have the needed synthetic and material characterization capabilities and there are
some in-house computational chemistry colleagues, but it will be critically important to involve outside
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laboratories where there are complementary skills and facilities to confirm H; storage data and provide external
input and guidance.

Need more work to prove out concept. Recommend exchange of materials with other laboratories to seeif
storage % can be attained elsewhere.

The plansinclude afairly good list of fundamental work required and alogical progression for those efforts.
Thismight lead to improved storage densities in other types of materials. However, there should be an
assessment as to what the potential isto meet future system targets.

It would be beneficial to organize the work to answer the most pressing questions (is this areproducible 7 or 8%
storage method) first and then go on to the in-depth understanding.

The ability to control types and avoid adding metal (or adding it in a controlled fashion) are important next
steps.

Planisreally very complete, the order isthe only question.

Strengths and weaknesses

Strengths

W

The strength of the program isin the technical capabilities and the quality of the NREL carbon group efforts
with the personal determination of the Pl to make it all work.

eaknesses

| wonder why a combinatory/HTE approach is not considered.

Thelack of detail in the proposed future research suggests a need for more focus and a clearer definition of the
H, storage immediate and ultimate objectives.

Thisisintriguing work, but more effort at independent verification of results needsto occur. If the goal istruly
to establish a hydrogen economy, then parochialism and defensiveness must be eliminated.

Reproducibility must be established to really move forward. Otherwise there will always be doubt.

Specific recommendations and additions or_deletionsto the work scope

The project should strive for the stated 2005 capacity goals, preferably targeted at some specified temperature
range which should ideally be of the order of room temperature to ~80°C for amostly pressure reversible
compressed gas storage material, where the H, is held by the intended "strong physisorption” interactions with
the sorbent.

Need independent verification of storage claims.

Adsorption rates should be reported. Also, the presentation comes off astoo defensive. If thework istruly
good, it will stand up on its own merits to independent verification.

Once proven to be reproducible, the primary goals need to be to accessindividual types of tubes, controllably
add metal, and alter/tune temperature while maintaining capacity. Without control, the spectroscopy
measurements will have much less value because it will be unclear which type of tubes are actually doing the
work.
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HYDROGEN STORAGE

Project #56: Doped Carbon Nanotubes for H, Storage
Zidan, R., Westinghouse Savannah River Tech Center

Brief Summary of Project

Overall Project Score: 2.43 VI el Eals
The  Westinghouse Savannah River oo E
Technology Center, in this project, is working Minimum
on doped carbon nanotubes for hydrogen 40 —_ —_ _

storage to develop reversible high-capacity
hydrogen storage material that has greater than
6 wt% hydrogen capacity, favorable 3.0 o}
thermodynamics and Kkinetics suitable for
transportation applications, stability with
hydriding/dehydriding cycling, and resistance 20 i
to trace contaminates.

Question 1: Relevance to overall DOE 10 m
objectives

This project earned a score of 286 for its ,
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

Class of materialsform agoal.

Could be of importance, but only if nanotube storage is reproduced and confirmed. Very little information
given here to judge approach or future.

Probably not worth funding unless nanotube area becomes more credible.

Thisinvestigation on the preparation of doped carbon nanotubes, potentially with H, adsorption energies that
are intermediate between physical adsorption and chemisorption, is certainly consistent with the H, Fuel
Initiative.

Nanotubes are atechnically intriguing opportunity that need to be evaluated very soon to determineif they can
be aviable storage alternative.

Of course hydrogen storage is relevant, but 6% istoo low. What is the theoretical maximum?

It isunclear if thistechnology can meet the standards, but if it does cycle 6% at moderate pressure and
temperaturesthen it iswell directed to intermediate goals.

Question 2: Approach to performing the research and development

This project was rated 2.43 on its approach.

Approach iscreative - like model.

Not very impressive progress.

Characterization and cooperation present in other papers are missing.

I'm bothered by lack of referenceto Tony Baden's earlier work in this areal

The approach of seeking waysto bind H, as a"weak covalent bond" to asiteis practically what's needed but the
example given of asideways-bound H, to atransition metal is not illustrative since it requires an electrophilic
center which a carbon atom in ananotube isnot. Just hoping to achieve this medium strength binding of H,
may turn out to be experimentally realizable but providing atheoretical basisfor it in terms of the function of
the metal or N dopant would render the approach more credible.

Appears to have taken care to ensure measurements of H, storage capability are repeatable and accurate.
Insufficient information to judge.

The focus was to generate large quantities of nanotubes. Thisis good. The path (using dopants) is OK, but they
did not include anything about mechanical processing.

General planisgood, specifics are not clear.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.14 based on accomplishments.

Not alot of progress.

The PI reported only on work done to the end of FY'02; alack of funding apparently precluded its continuing
pursuit thisyear. Thisexplainswhy only sketchy datais reported here, namely the growth of C tubes with the
inclusion of different metals— none really well characterized — and the preparation of some N doped tubes. The
Pl reported on an intriguing result of a net 1% reversible uptake of H, by atemperature-swing process from 50
to 250°C. Unfortunately no further details could be presented since the datawas said to be the subject of a
patent application, which makes it impossible to adequately evaluate this finding.

PI claims the ability to manufacture nanotubes and claims the ability of the nanotubes to uptake and release
small quantities of Hy.

Funding ended for ' 03. However, they did develop a method for growing tubes with different configurations
and dopants. They also created nitrogen-doped nanotubes with stable electronic structures. Although hydrogen
uptake and release were demonstrated, it was at amere 1% level.

Made some new materials. Cycling 1 percent or so at 250°C. Progressis not fully clear..

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 2.43 for technology transfer and collaboration.

Room for improvement.

Collaborations with staff at Clemson and with J. Ritter of USC who iswell known in the area of gas adsorption.
Cooperate and exc hange of information with local universities.

Probably need to be integrated into a more coordinated effort.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.29 for proposed future work.

The Pl did not in his talk make clear the proposed future research, except to say that further investigation of H,
sorption in doped C-nanotubes would be pursued, avery wide field indeed. Some specific approaches with a
sound theoretical backing should have been provided.

Claims ability to manufacture nanotubes and claims ability of the nanotubes to uptake and rel ease small
quantities of H,. Future work may be warranted only if nanotubes are found to be a viable storage opportunity;
otherwise, thereislittle value in being able to manufacture them in quantity.

The future direction looks good, and the sequence seemsfine, but can they doit all? It seems rather ambitious.
Probably appropriate future work if nanotubes pan out. Could perhaps be integrated with Heben work.

Strengths and weaknesses

Strengths

W

None specified.

eaknesses

It seems that because of abreak in funding, the project never really got off the ground. Also, no details of the
reported interesting (but far from the DOE goal) H; "capture” data could be provided because these were said to
be part of a patent application. Which makesit all very difficult to evaluate thiswork.

Was willing to say carbon could not hold high amounts of hydrogen when all others were claiming great
amounts stored.

The goal isgood, but the storage results aren’t.
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Specific recommendations and additions or _deletionsto the work scope

The project would be greatly aided by collaborative accompanying computational chemistry or theoretical work
that provides a substantiation and guidance for the effort. For example, should doping of C nanotubes with N
fundamentally alter their potential interaction with H, and in what direction, to lower or higher heats? A
guiding computational analysis of this should be possible at |east using asimplistic model.

Need to exchange material samples with other labs for independent confirmation of results.

Include theoretical maximum wt%.

Hold thiswork until the basic question as to whether nanotubes actually work is answered. If they are provento
store hydrogen, then this should be pursued.

I would hold this onetill some proof of nanotubes function is produced.
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HYDROGEN STORAGE

Project #57: H, Storagein Metal-Modified Single-Wall Carbon Nanotubes

Ahn, C., Caltech
Brief Summary of Project

Overall Project Score: 2.71 VI e gl
The California Institute of Technology is “f\ggjgﬂguemE
working on hydrogen storage in metal Minimum
modified single-walled nanotubes to alter 40 —_ —_ —_ —_

adsorption enthalpy of hydrogen on single
walled nanotubes (SWNTs) by use of a
potassium intercalant, increase the number of 3.0 o}
adsorption sites in SWNTs by increasing the
surface area through the use of intercalant, and
improve the hydrogen storage capacity of 2.0
SWNTSs.

Question 1: Relevanceto overall DOE 10
objectives

This project earned a score of 3.00 for its .
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

At this point thisis early, basic materials characterization work. | assume the project will be heading for
evaluation and testing.

The materials target is where potential action is!

Doesn't seem particularly well aligned with DOE objectives.

This fundamental investigation on metal-modified nanotubes with its promise of realizing an effective H,
storage material is certainly consistent with DOE's objectives.

Nanotubes are atechnically intriguing opportunity to meet targets for H, storage. Viability needsto be assessed
very soon to determine if work should continue.

Thisisrelevant in terms of what might be applied both to SWCNTSs and to other storage systems. Increasing
active surface area and understanding SWCNT physisorption are both necessary for these technologies to
develop to their full potentials.

It isunclear if thistechnology can meet the standards, but if it does cycle 6% at moderate pressure and
temperaturesthen it iswell directed to intermediate goals.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Working on awell-conceived plan to bring to closure or national potential, but thiswork is at very early stages.
Good to have someone to actually show "negative" results for storage of certain materials. Without this type of
talk, it isimpossible to judge the field as awhole.

It has been well established that alkali-metal intercalated graphite compositions adsorb H; at cryogenic
temperatures more strongly than does graphite alone. The approach here is then one of trying to improve the
affinity of H, for single wall nanotubes that have been similarly modified with metals. It's a perfectly
reasonable endeavor.

Procedures to purify nanotubes appear to be comprehensive. Evaluated materialsfrom a number of sources.
The approach was to use K-intercalated graphite as aguide. Although this might be logical, how do we know
that thisis analogous to hydrogen storage in carbon nanotubes? More background is required.

Simple but focused. Unclear if graphite really tells us about nanotubes.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.57 based on accomplishments.

Progress less than | would have expected. Not clear about level of effort or other issues!

Careful studieswere done on the preparation of potassium intercalated carbon nanotube (SWNT) samples, the
characterization of these materials by x-ray diffraction followed by an evaluation of their H, sorption properties.
While no "dramatic” results of H, sorption were obtained, the data acquired is fundamentally important. It was
interesting to see that K intercalates of SWNTs are stable while Li "unzips" the tubes.

Making reasonable progress in evaluation of materials.

Much of the work was distracted by the need to develop away to purify purchased materials.

Storage results were poor (< 1%), but they did verify that no “unzipping” was occurring-- and thisis good
because we need to see more honest reports of projects which have not been very successful. We can learn
from problems as well as successes.

Intercalated potassium. Found 1% storage. Progressisabit slow but probably OK.

Question 4: Technoloqgy transfer/collaborations with industry, universities and other laboratories

This project was rated 2.57 for technology transfer and collaboration.

Surprised by how limited interactions are with others such as Carbon Nanotechnol ogies, etc.

Seemingly good collaboration with HRL labs and JPL, but it would be worth while for the Pl to also work
closely with other |abs that are doing research on H; sorption and carbon.

HRL and JPL collaborations, but could be more broadly connected.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.43 for proposed future work.

Does not overwhelm me. Don't see focus, hard data or key decision points.

The future work doesn't seem particularly creative or imaginative.

Reasonabl e plans for further work mostly on improving the intercal ation methods with SWNT and other
carbons, accompanied by variousin-depth physical characterization methods and H; sorption studies.

Need to continue work to determine if thereis value in nanotubes.

Although the progression islogical, it seems like “more of the same.” A plan which leadsto areal solution
should be developed and implemented.

Needs a clearer plan.

Strengths and weaknesses

Strengths

- Nicebasic work driven mostly by PI's curiosity.
The strength of thiswork liesin the focused approach towards evaluating the effects of alkali metal
intercalation on the H, adsorptive properties of nanostructured carbons, particularly SWNTs, combined with an
excellent utilization of physical measurement techniquesincluding a new Sievert's apparatus.
Was willing to say carbon could not hold high amounts of hydrogen when all others were claiming great
amounts stored.

Weaknesses
Need to collaborate with other labs that work on carbons for H; storage.

The program was limited. However, the results, though not good, many lead to better understanding. The
question is, “Will it lead to materials capable of meeting the goals?’
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Specific recommendations and additions or _deletionsto the work scope

Would consider seting hard targets and making hard decisions based on those.
The H; sorption studies should be complemented by heat of sorption datawhich can be derived from adsorption
isotherms. It'simportant because it essentially "deconvolutes' the two properties that principally govern H,

capacity: the heat of sorption (i.e. the energy of interaction of H, with the sorbent) and the density of H,
adsorption sitesin the material.

Need labs to exchange materials for independent confirmation of results.
A clear set of goals and aclear approach as to how to achieve them should be defined.

Channing does good work and probably should be funded, but needs a clearer plan of what exactly DOE will
get for their investment.
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Project #58: Hydrogen Storage Via Ammonia and Aminoborane

Raissi, A., Florida Solar Energy Center
Brief Summary of Project

This project analyzes the cost, safety, and
performance of ammonia-based chemical
hydrides as hydrogen (H,) storage compounds
for fuel cell applications. Principal activities
involve indentifying the pros and cons of using
ammonia (NHs) as a chemical carrier for H,,
evaluating the viability of autothermal NHs
reformation on-board fuel cell vehicles,
analyzing the viability of using ammonia-
borane complex (H3BNH3) as a chemical
hydrogen storage medium on-board fuel cell
vehicles, and identifying the technoeconomic
barriers to the implementation and use of
amine borane complexes, in general, and
H3BNHjz, in particular, as prospective chemical
hydrogen storage media on-board fuel cell
vehicles.

Question 1: Relevance to overall DOE objectives

HYDROGEN STORAGE

Overall Project Score: 2.48

4.0

3.0

2.0

1.0

Relevance

Approach

Tech Accomplishments ~ Tech Transfer/ Proposed

| Progress

=Y ]l Edls

Maximum
Average E
Minimum

Collaborations Future Research

This project earned a score of 3.29for its relevance to DOE objectives.

I have mixed views on this. The focus on identifying potential high H content candidate moleculesisvery
good. Most of the materialsidentified are not interesting - especially the borazine family. This approach is
promising, but I would recommend moving to other topics.

It isgood to see some chemical storage in the DOE portfolio.

Chemical storageis an opportunity for on-board H; storage. Thiswork can help to determine if NH3 storage

will beviable.

Thisis unique and intriguing background work. Chemical hydrides do have potential to meet the goals, and this
was the only work in that areareported on this year.

Could meet all goalsif cost and engineering goals are met.
The development of improved materials for hydrogen storageis of key importancetothe R & D plan.

Question 2: Approach to performing the research and development

This project was rated 2.86 on its approach.

Good approach, identified some, but not all the key issues. Would not continue!
Due to the small amount of funding and the lack of "competition" in the area of chemical storage thisyear, the
expectations of this program are likely to rise significantly in the coming year.
Evaluated various materials and identified issues with many of them.
The approach was logical. The attempt to identify a complex based on capacity, safety (including toxicity), and
usability indicates an understanding of OEM requirements.

Use of literature search is efficient.
Focus on cheaper production isimportant.

Fine for limited funding. Would want to see more if he got real money.
Materials with high hydrogen content have been identified that have not previously been studied as hydrogen
storage materials. They are clearly not economically viable candidates for use as “chemical hydrides’

(hydrogen obtained viairreversible hydrolysis).
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Theviability of borozenes as reversible hydrogen storage mediais questionable as equilibrium plateau pressure
with the hydrogenated product would be less than 1 atm below 200°C and catalysts to overcome the appreciable
kinetic barrier are known.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.43 based on accomplishments.

Good study - did not identify attractive candidates.

For small amount of funds, the progress was good; if funded more fully, expectations will be considerably
higher.

Identified ammonia carriers— some hold as much as 17 NH; molecules! Also investigated metallic salt
ammonia complexes. Cyclotriborazane is interesting — it has 2 known synthesis routes, and isrelatively safe.
Going to borazane rel eases about 6.47% hydrogen, and further decomposition yields another 6.5%. These
results arevery promising, as they can conceivably meet the aggressive storage goals. Thiswork was done with
very little financial support.

Given low funding, the literature review and limited lab work is OK.

Basic checks of the viability of the system requiring tables of bond enthalpies and afew hours of effort have not
been carried out.

Also literature work relating to the tendency for some borazines to detonate and well as their toxic properties
has not been carried out.

Question 4: Technology transfer/collabor ations with industry, univer sities and other labor atories

This project was rated 1.67 for technology transfer and collaboration.

No mention of collaboration.

At thisearly stage — during a paper study — other organizations need not be included. So thisis not necessarily
bad.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.17 for proposed future work.

Would stop this at this stage.

Cyclotriborazine is good approach to consider -- liquid H, carrier! Would MCI+NHz; materials meet most of
NH3 safety concerns?

A very interesting and creative idea.

Insufficient time for presenter to make convincing argument for future research. No information in presentation
about % wt. storage of H, or energy to release.

No specific future plans were listed. However, the compounds identified offer unique possibilities, and should
be fully investigated.

Unclear plans, not sure they are poor plans. Need to review with time for questions.
No plans beyond afew simple tests on a couple of compounds were presented.

Strengths and weaknesses

Strengths
L ow-cost scoping studies are valuable.
Thiswas a paper study, but it led to really intriguing possibilities.
Good: Looking at real requirements like safety and cost.

Weaknesses

Not so clear they are the best peopleto do thiswork. But asthey areinterested | would none the less let them
break the ground.
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Research project is quite sketchy. More direction and detailed planning are required (i.e. outline of catalyst
development effort).

Specificrecommendationsand additions or deletionsto the work scope

Pyrolysis hydride reactions which are difficult to stop prove areal concern. Presenter should have planned
presentation to permit questions from reviewers and from the floor.

A program to formulate these compounds and test them should be proposed and funded.

More literature work needs to be carried out on the compounds being proposed as candidates for hydrogen

storage materials.
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SECTION 3: FUEL CELLS

This category includes projects that are developing fuel cell technologies for the production of electrical power for
usein vehicular applications as either aprimary propulsion system or an auxiliary power unit or in stationary and
portable applications. The aim of these efforts isto achieve the following milestones established in the Hydrogen,
Fuel Cells and Infrastructure Technologies Program Multi-Y ear Research, Development and Demonstration Plan:

Fuel Cells

Develop polymer electrolyte membrane automotive fuel cells that cost $45 per kilowatt by 2010 and $30
per kilowatt by 2015.

Develop a distributed generation PEM fuel cell system with 40% electrical efficiency and 40,000 hours of
durability at $750 per kilowatt by 2010, from the current 30% efficiency and 20,000 hours of durability.
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FUEL CELLS

Project #67: Study of Fuel Cell Water Transport with Neutron Imaging

Arif, Muhammad, NI ST
Brief Summary of Project

NIST is addressing the issue of neutron
imaging for fuel cell water management. The
goal isto transfer neutron imaging technology
into a safe and user friendly facility (user isa
fuel cell developer) for general public use.
This will allow one to look inside a fuel cell
during operation, ultimately enabling a process
to facilitate efficient water removal formed
during operation.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.25 for its
relevance to DOE objectives.

This project has two sides, on one side the

Overall Project Score: 3.35 YU el Eals
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Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

technique is uniquely suited for imaging H,O. On the other hand, | think its ultimate usefulnessin FC will be

very limited for reasons of resolution, sample size limitation, etc.

More importantly, H,O imaging is important, but is not critical to FC performance.
More than once, visualization technol ogies have advanced mankind's understanding - | rank this work as one of

those seminal visualization methods.
Purpose is admirable and very necessary.

This project is strongly relevant to the FreedomCAR fuel cell development objectives.
Thisin-situ measurement technology is unique and very beneficial for good water management of fuel cell.

Question 2: Approach to performing the research and development

This project was rated 3.75 on its approach.

To image H,O, you can not beat this approach.

It appears the rush to service industrial clients has minimized the more widespread dissemination of what has

been discovered.

Excellent approach to achieve fundamental advantages.

Outstanding!! Thisiswhat OEMs and fuel cell developers want.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.75 based on accomplishments.

The project team did agood job at bringing this imaging technology to the new application. The results are as

good as one can expect of thistechnology.

| had last viewed only a poster on thistopic - the progress from ablurry ill-resolved image to sharp, real-time

water images isimpressive!

Improved stack diagnostics are critical. The results are impressive.
Adequate resolution and speed achieved for Gas Diffusion Layers evaluation. Needs finer resolution for MEA

evaluation?

They should continue to work to devel op better technique for finer resolution, e.g. development to apply finer

scintillation screen.
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Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.00 for technology transfer and collaboration.

| hope the presenter is more transparent in disclosing this.

Strongly endorse more university collaborations so information is more widespread.
Important to get fuel cell modelsas part of this activity.

This project needs fuel cell developers who want to use the technology.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

| am skeptical the technique can be improved much more than what it is today. There are fundamental
limitations and under areasonable budget.

Not really afuture plan other than agood list of technical challenges (spatial resolution). Should there have
been alist of key transport problems for either plate or MEA and how this technique will address thisissue?
Keep focus on method devel opment.

Membrane imaging is less critical than water removal, at least for now.

Adeguate resolution and speed achieved for Gas Diffusion Layer evaluation.

Wider area evaluation is also necessary.

Strengths and weaknesses

Str

engths

Good technique. Good Resullts.

Unsurpassed ability to visualize water in 9-layer assembly (bipolar plates) or stacks.
Research emphasis is excellent.

Very unigque and powerful tool for fuel cell development.

Good optimization has done for fuel cell application.

Weaknesses

Nice image, but relevanceisnot clear.

| suspect this team has learned that water movement is not how we currently model it - and would push for
mechanisms to get thisinformation out into a wider audience.

Progressis slowed by IPissues.

Should have sufficient resources to continue technology development.

Specific recommendations and additions or_deletionsto the work scope

I think we should realize this technique is well developed and may be near awall. Needsto berealisticin
potential of future development.

Other techniquesto look at H,O (modeling, NMR imaging) should give better resolution at alower cost.
Strongly recommend increasing academic collaboration - especially with the major modeling groups. Can DOE
start asolicitation to augment 3-way collaborations using this state-of-the-art tool ? (NI ST -Industry -University)
Need to go after details about non-uniform current density (acrossfuel cell area).

Recommend that temperature measurements (in plane of cell) be made concurrently. Should also vary the gas
flows to get information with essentially uniform feed gas concentrations.

Program needs to focus on verifying fuel cell models.

This project should be continued to accumulate technology for the application.

They should continue to work to devel op better technique for finer resolution, e.g. development to apply finer
scintillation screen. Wider area evaluation is also necessary.

Thisishigh priority.
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FUEL CELLS

Project #70: Integrated Manufacturing for Advanced Membrane Electrode Assemblies
DeCastro, Emory, DeNora

Brief Summary of Project

Overall Project Score: 3.37 VI el Eals
De Nora, in this project will work on oo
integrated manufacturing for  advanced Minimum
membrane electrode assemblies. De Nora will 40 —_ —_ —_ —_

create improved cathode structures and
catalysts for polymer electrolyte membrane
fuel cells (PEMFCs) without loss in 3.0 o]
performance at temperatures <100°C that
allow asignificant reduction of precious metal.
De Nora will develop PEMs capable of 2.0
extended fuel cell operation at higher
temperatures of 120 to 150°C, at low relative
humidity (RH), and without leachable 10 T
components. De Nora will incorporate all
these efforts with advanced MEA fabrication
processes that are amenable to mass : . :

. Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
pl’OdUCtI on. | Progress Collaborations Future Research

Question 1: Relevance to overall DOE objectives

This project earned a score of 3.40for its relevance to DOE objectives.

The project directly addresses two of the critical features for fuel cells- better catalysts and better membranes.
Thefocusis appropriate.

MEA (ionomer, electrocatalysts, electrode structure, GDL) is the key component that must be improved for cost

and durability while maintaining or improving performance.
MEA architectures (and cost projections) are critical for overall success asthe MEA isthe "heart" of the stack.
Use of "paper-type" processing leads to lowering manufacturing costs.

Developmentsin high temperature membranes is good advancement (but needs more fabrication
improvements).

DeNora, DuPont and N.E. University bring avery unique expertise to this program.

Question 2: Approach to performing the research and development

This project was rated 3.40 on its approach.

Approach to the catalysts and membranes involves separate projects- The effect of one on the other iscrucial.
The MEA performance of the new membranes with the ELAT electrodes is an important experiment to
performneed to identify controlling features of polymer and electrode interaction.

Approach is comprehensive and appears well integrated.

Solid approach to reducing manufacturing costs (new catalyst chemistry reducing loading, "old" paper-making
approaches to improve graded density structurein the GDL, coating techniques).

Systematic approach to higher temperature membrane for 120°C (by partner).

Kinetic T& A approach is"old" but aptly applicable.

They, together, understand the issues and problems and their past accomplishments are the best available.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.20 based on accomplishments.

Significant progress has been made in both areas. Plans to continue them are not clear. Would be good to map
this out for the future.

Good progress - improvements in key areas are greater than two times demonstrated

Graded density GDL represents solid advancement.

Need more information on how this innovation can be sustained (and is this structure metastabl e?).

Need more information on aloy structures and performance.

Need more data on "ion-beam deposition" approaches.

Thisteam has a deep fundamental knowledge of the mass transfer and water management. They know that
hydro-philicity/hydro-phobicity isthe KEY at the 3-phase boundaries.

Improved or better methods for catalysts characterization seem necessary to complement the electrochemical
characterizations.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.60 for technology transfer and collaboration.

Excellent.

Strong team coordinated and engaged - progress will be incorporated in commercial products.
Strong university collaboration with publications.

Not clear about role of DuPont in partnership (except in high temperature membranes).

Clear integration with stack and system devel opers.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.25 for proposed future work.

Plan seems appropriate.

Work on new electrolytesis systematic.

Not clear relative to polymer/inorganic future research.

Need to understand the GDL/catalyst interactions better.

The key issue preventing PEMFC is the cost of an MEA. DeNora & DuPont are in avery good position to
formulate alow cost and high performance MEA.

Strengths and weaknesses

Strengths
Teaming and individual team member contributions.
Strength - very systematic approachesin GDL, new membranes (and understanding of polymer degradations).
Solid (but minimal) data.
Possihility for increased quantity of catalysts production is a strength of this project.

Weaknesses
Need more information on possible advacements in catalyst (and catalyst stability).
Need clearer explanations of innovationsin GDL.

Specific recommendations and additions or deletionsto the work scope

Continuation of this project is recommended.
Stay on focus: new improved GDLs, membrane innovations.
Broaden the catalyst effort (or get improved catalysts from other sources).
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Drop the composite approaches (inorganic fillers) because such systems (under load cycling) are prone to defect
formation.

Expand the program and provide them with more funds.
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Project #71: Development of High-Temperature Membranes & Improved Cathode Catalysts

Perry, Mike, UTC
Brief Summary of Project

UTC Fuel Cellswill develop high temperature
membranes and improved cathode catalysts in
this project. The advanced polymeric
membrane will be developed to operate at near
ambient (1-1.5 atmospheres) pressure in the
temperature range of 120~150°C and able to
meet DOE's program goals performance. In
addition, UTC will develop and demonstrate
improved high-concentration platinum (Pt)
cathode catalysts that will enable the reduction
of Pt loading to 0.05 milligrams per centimeter
squared and meet DOE's goals for
performance.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 4.00for its relevance to DOE objectives.

FUEL CELLS

Overall Project Score: 3.57
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The objectives of this project are aiming to satisfy the specific DOE targets. The scope of this project isvery

wide and covers key aspectsof R & D in fuel cells.

Programshows good focus towards high temperature membranes and oxygen reduction catalysts and the key

technical barriers for enhancing the cell & system level performance of Hy-air fuel cells.
High-temperature membranes and advanced cathode catalysts.

Question 2: Approach to performing the research and development

This project was rated 3.17 on its approach.

The project has followed the right track by measuring the protonic conductivities of membranes at high
temperatures (120-150°C) and at RH lower than 50%.
Stability tests under FC operational conditions with the best membranes are necessary. Thisalso appliesto

catalyst stability.

Definition of specific approaches to raise the current values of membrane conductivity from 0.01 S cm* to
0.1 Scmit (which isthe DOE goal) needs to be better defined. Also sensitivity of membrane performance to
RH in the range of 25-50% requires that these conditions are clearly defined for membrane downsel ect.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Good progress demonstrated by achieving 10 mS cm™ with RH less than or equal to 50% at 120°C (with various
membranes). Good progress in modeling and predicting catalyst aloy activity. Catalyst stability should be

tested in a FC under operational conditions.

Substantial improvement over Nafion 117 has been demonstrated in the area of membrane conductivity.
Modeling results on Pt-skin catalysts seemsto have predictive value. However, plans do not show which alloys
will be synthesized in the future and how the enhancements set forth in the goals will be achieved. Not clear as

to how Pt pulse electrode position will lead to the "core-shell" catalyst architectures.
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Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 4.00 for technology transfer and collaboration.

The progress demonstrated is aresult of awell coordinated team. All the partners are working in their
respective tasks very efficiently.
Project shows excellent focus and coordination by UTC.

Good team with respect for universities. Other "industrial” collaborations are with a sister company (UTRC)
and IONOMEM.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.67 for proposed future work.

Very clear and consistent time schedule.

Result of durability at least in limited testing (500-1000 hrs) experiments would be key to downsel ection of
membranes. Definition of such downselect criteria must be established. Better definition of performance and
stability criteriawould be key for downsel ect.

Catalyst work appears open-ended.

Strengths and weaknesses

Strengths
Good technical team and coordination.

Weaknesses
None that is significant.

Specific recommendations and additions or deletionsto the work scope

Recommend that all tasks be continued with better definitions of measurable targets for early major task.
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FUEL CELLS

Project #72: Advanced MEAs for Enhanced Operating Conditions
Debe, Mark, 3M

Brief Summary of Project

Overall Project Score: 3.28 VI el Eals
3M is working to develop high performance, oo
lower cost PFSA based ionomer MEAS Minimum
amenable to high volume manufacture. These 40 —_ —_ —_ —_

membranes will be qualified to meet
demanding system operating conditions, such
as a temperature range of 85°C to 120°C with 30 {
little or no humidification, will contain less
precious metal catalyst, and higher durability
than state-of-the-art constructions. 3M is aso 20
developing MEAs based on non-agueous
proton conduction mechanisms that will be
capable of operating in temperatures of 120°C L0 T
to 150°C.

Lr

Question 1: Relevanceto overall DOE : . :
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
objectives | Progress Collaborations Future Research

This project earned a score of 3.40for its relevance to DOE objectives.

Outstanding. DOE's support of projects like thisis an excellent investment.
The work on the higher temperature membranes would improve system design, but is not critical for the stack
performanceitself. Their efforts on lower cost materials and catalysts would be very worthwhile.
Comprehensive program that addresses the important issues at MEA assembly: catalyst development and
membrane development. It'sagood plan to integrate and scale-up.

Right on the money in many areas. It will impact the longer-term goals significantly if successful.
Approach to roll -goods manufacturing processesis laudable. Non-carbon catalysts are innovative; but more
data needsto be generated. Costs of new perfluorinated structures not provided.

Question 2: Approach to performing the research and development

This project was rated 3.60 on its approach.

They are non-Nafion, but Nafion-like (i.e. perfluorinated sulfonic acid ionomer) could offer low temperature
conductivity aswell as high temperature operation.

Complex program, but its approach brings effort to apply on crucial issues.

MEA formation and operation with new catalysts and membranesis central to critical points.

Excellent! Could do with more information on what are the critical properties to measure MEA structure.
Solid! Addressing the right issues; understands which issues need to be brought to the top of the priority list.
A bifurcated program with two temperature regimesis bold! Road map/path which stresses critical property
analysisisexcellent. Buildson 3M fluorine chemistry strengths.

Excellent ideato drop C in MEAS- very innovative and may lead to new findings.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.40 based on accomplishments.

Results of cathode catalyst devel opment work have shown promising results. The results shown for the higher

temperature membranes are inconclusive. They are still far from desired target volumes.
Progressis good but have advantage of prior contactsto start from.
Excellent progress; may yield anew electrode design; could be thefirst in years.
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I have mixed reactionsto 3M's claimsre: less fluoride generation by their new membranes. Are these results
because of mismanufacturing of Nafion-based MEAS? Advanced catalysts results are impressive (and
unexpected) - surface area, activity.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

The presentation listed several university, national lab, and industry interactions and collaborations.

Catalyst development good but based on prior relationship. New relationships are slow to form. 3M should do
better.

Good.

Stray collaborations with universities; but 3M appearsto be very "possessive" relative to industrial
collaboratives. 3M needs to open up itsinnovations (re: polymers and catalysts) to neutral 3rd parties.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Little detail was offered other than continuing on the present development approach.
Proposed work is based on solid planning and is results oriented.
Not much detail given; because the future builds on existing programs without some focusing.

Strengths and weaknesses

Strengths

- The 3M work is making outstanding progress toward overcoming the most important technical obstaclesin high
temperature PEM fuel cell operation and commercialization. The work makes me optimistic that HFCIT
program goals can be achieved. | only wish they could have revealed more of the proprietary details.
The perfluorosulfonic acid membranes have the potential to offer reasonably high proton conductivities at room
temperature (for start up), but the shown conductivities are still too low.
Solid approach. Logic and know-how is good.

Many innovations (two temperature regimes; builds on 3M's fluorine chemistry strengths; great innovation to
drop Cin catalyst structure).

Weaknesses
Needs to "open up" on the technical innovations to third party industrial firms.

Specific recommendations and additions or deletionsto the work scope

Keep up the approach. Right on target.

Conductivity and fuel cell polarization measurements should be extended down to + 20°C, perhaps even down
to -20°C.

Keepit up!

Stay the course; but do accelerate the outside collaborations with industry.

3M'sinnovations should be independently verified because, if proven out, their devel opments could have major
impact.
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FUEL CELLS

Project #73: R& D on an UtraThin Composite Membrane for High Temperature Operation in PEMFCs

Yuh, Chao-Yi, Fuel Cell Energy
Brief Summary of Project

In this project, FuelCell Energy, Inc. is
researching and developing an ultra-thin
composite membrane for high-temperature
operation in polymer electrolyte membrane
(PEM) fuel cells. This ultra thin membrane
will be capable of operation at 100-140°C,
with less than 0.2 Ohmcentimeter-squared
membrane ohmic resistance and less than 1%
crossover, with less than 0.6 V performance at
400 mA/cm squared under ambient
reformate/air operation at 120°C. In addition,
this PEM will have high ionic conductance
with negligible electronic conductivity and
high mechanical strength.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 2.33for its relevance to DOE objectives.

Overall Project Score: 2.40 W g
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| Progress Collaborations Future Research

Originally funded as part of stationary systems; only looked at atmospheric system (transportation will almost
certainly be pressurized); higher temperature operation isimportant.

The successful development of a higher temperature membrane would lead to an increase in CHP efficiency for
stationary applications and would assist in deploying distributed generation systems.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Showed good understanding of sources of cell performance loss at higher temperatures, however methods for
improving cathode performance (while moderately successful) were not well explained. Adding high
temperature proton-conductivities into membrane el ectrode assembly (MEA) will not ultimately achieve the

DOE program goals.

Good explanation of why you have focused your effort on the cathode.

Project initially started out to develop a high temperature membrane. Need for better performing cathodeis
recognized, but is not adequately addressed. Approach to high-temperature membrane by adding high
temperature proton conducting compounds is being tried elsewhere.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

Improved 120°C operation as achieved, but still far short of DOE goal. 500 hour endurance test is insufficient!
Good to see that you have done testing on the larger 300 square cm test cell. Looks like reasonable results are

being obtained.

Some success was achieved however further work is required to improve performance and understand
performance degradation mechanisms. The project is over with considerable work yet to be done to have a

viable membrane.
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Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 2.00 for technology transfer and collaboration.

Sub-contracted out large portions of the work.

I would encourage more collaboration (if possible) outside of direct subcontractors (i.e. national 1abs,
universities).

FCE does not have history in PEM fuel cells and appearsto rely on lon Power for membrane expertise. Who
would manufacture this membrane if it were successfully developed?

Question 5: Approach to and relevance of proposed future research

This project was rated 2.00 for proposed future work.

N/A - project endsin July 2003.
Future plans beyond this contract (or this year) were not clearly presented.
Project isover. Not much detail provided on proposed future work.

Strengths and weaknesses

Strengths
Achieved 120°C performance over Nafion.

Weaknesses
Did not discuss decision-making procedure for selection of proton-conducting additives.

Specific recommendations and additions or deletionsto the work scope

DOE should be funding research which is higher risk/reward. High temperature generation of Nafion-based
PEMFCsisanon-starter. New, unique polymer chemistries are where DOEshould spend its money.
Don't extend this effort unless a clear path to aviable product is shown.
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FUEL CELLS

Project #4:. Development of High-Performance, Low-Pt Cathodes Containing New Catalysts & Layer
Structure
Atanassova, Paolina, Superior MicroPowders

Brief Summary of Project

Overall Project Score: 2.93 YU e Eals
Superior MicroPowders is working on the “ﬁ?::?&m{
development of high-performance, low-Pt Minimurm
cathodes containing new catalysts and layer 40 —_ —_ _

structure. Superior MicroPowders will develop
a combinatorial powder synthesis platform
based on spray pyrolysisfor discovery of high- 3.0 - 5
performance low-Pt cathode electrocatalysts
along with engineered cathode layer structures
containing the new electrocatalysts. They will 20
demonstrate  enhanced  performance  of
membrane electrode assemblies (MEAS) with
low Pt content towards the DOE goals of 10 W
0.6 g Pt/kW in automotive applications for the
year 2005.

Relevance Approach Tech Accomplishments  Tech Transfer/ Proposed

Quest ion 1: Relevanceto overall DOE | Progress Collaborations Future Research
obj ectives

This project earned a score of 3.00for its relevance to DOE objectives.

Working on higher cell (cathode) performance and advanced manufacturing techniques.
The objectives as stated address critical issues. The approach, however, may produce little that is of interest.

Question 2: Approach to performing the research and development

This project was rated 2.67 on its approach.

Presentation was hard to follow and not enough detail was presented to determine degree of novelty. No
evidence that spray pyrolysis produces new Pt microstructures as claimed. Combinatorial synthesis
rediscovering same Pt M1 M2 combinations already reported by others.

Both, the catalyst and the membrane devel opment approaches seem promising. The effort to develop catalyst
nanoparticles with preferentially oriented facets may not produce desired results since the atoms at the edges
make a major contribution to the activity.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Pt reduction is good.
Appears only to be catching up to where others already are or were afew years ago. Not clear that processing
costs are being reduced.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

DuPont Fuel Cells does testing. GM consults.
Not clear what DuPont is doing except providing membrane and doing some testing.
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Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Logical progression.
Not clear where this project is going or who is going to benefit.

Strengths and weaknesses

Strengths
None specified.

Weaknesses
None specified.

Specific recommendations and additions or_deletionsto the work scope

DuPont needs to step forward and identify their role and where they see this project going. SMPisnot going to
produce MEAs or fuel cells.
A coordinated development of the catalyst and the membrane should be maintained.
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Project #75: Design & Installation of a Pilot Plant for High-Volume Electr ode Production

Arps, James, SVRI
Brief Summary of Project

In this project, Southwest Research Institute
designed and installed a pilot plant for high-
volume  €electrode  production. SwRI
demonstrated proofs of concept and assessed
electrode and membrane electrode assemblies
(MEAS) architecture against FreedomCAR
cost targets. Also, SwWRI designed, built and
installed equipment for a high-volume pilot
plant capable of catalyzing tens of thousands
of square meters of electrode material per year.
They completed process development and
qualification of the pilot progran and
benchmark MEAs against commercialy
available products. Finally, they incorporated
MEAs into two "short stack" fuel cells built by
General Motors and delivered to Argonne
National Laboratory for testing and evaluation.

Question 1: Relevance to overall DOE objectives

FUEL CELLS

Overall Project Score: 2.60

4.0 — —
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Maximum
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Future Research

This project earned a score of 3.00for its relevance to DOE objectives.

MEA isthe "tall pole" in thetent for cost.
Program goals very relevant.

Addresses key barrier (cost) for fuel cells, but has not done much to look at durability.

Question 2: Approach to performing the research and development

This project was rated 2.50 on its approach.

Processing membrane in vacuum may add additional comp lications through membrane dimensions changing

with hydration-dehydration.

There was no information on MEA cost or durability, so it is not clear whether or not the approach (vacuum
web coating) isreasonable. These market barriers (cost and durability) were simply not addressed, a key

deficiency in the presentation.

No information on uniformity of the coating was provided. No comparison with existing alternative processes.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.50 based on accomplishments.

MEA performance good, but not stellar.

No presentation of mass production statistics (uniformity, etc.). Catalyst lossesin system aretoo high.
This project has been underway for nearly 3.5 years, and still no information on durability and no realistic stack

test yet.

The major objective of this project isto address el ectrode manufacturing costs, yet no cost projections were

presented.
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Question 4: Technology transfer/collaborations with industr vy, universities and other laboratories

This project was rated 3.00 for technology transfer and collaboration.

GM, Goretesting. ANL stack testing. No evidence of collaboration in process development.
Goreis engaged as a supplier of membrane and for testing performance and durability of SwRI's MEAS.
GM isplanning to do short stack evaluation.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.00 for proposed future work.

This project nearly complete.

Project is nearing completion, and does not build on progressto date. Seems to be focused on wrapping things
up, rather than moving forward. The topics for proposed future research (i.e. Pd membranes, non-precious
metal catalysts of reversible fuel cells) seem unrelated and do not build on current project.

Strengths and weaknesses

Strengths
Thisis probably a much better project than what was presented.

Weaknesses
None specified.

Specific recommendations and additions or deletionsto the work scope

Evaluate independent test results and examine process attributes (uniformity, speed, catalyst loss, etc.) to
determine if follow-on is appropriate.

Recommend closer link between Pt loadings used here (0.1-0.2 mg/cn) and costing studies by TIAX and DTI.
Recommend that this project make realistic cost projections using information on equipment costs,
production/labor rates, scrap rates, platinum | osses, etc.
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Project #76: Scale-Up of Carbon/Carbon Composite Bipolar Plates

Haack, David, Porvair Corp.

FUEL CELLS

Brief Summary of Project

Porvair is building and demonstrating a pilot
facility  capable of  producing 300
carbon/carbon bipolar plates per hour. Plates
will possess properties that meet or exceed
performance requirements over an extended
period of use. Porvair has begun investigating
processes for high-speed material forming,
pattern forming and thermal treatment.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.33 for its
relevance to DOE objectives.

Not ranked "4" because there are other

Overall Project Score: 3.47
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approaches that can be used.

Outstanding example of taking concept development at National Laboratory (ORNL) to commercial scale. Lab

and industry clearly worked together closely.

Bipolar plateisacritical part of fuel cell system.

Scae-up of fabrication isanecessary step in fuel cell communication.
Address key barrier (cost) for fuel cells, but much of effort is directed to establishing production capacity rather

than performance and cost improvements.

Question 2: Approach to performing the research and development

This project was rated 3.67 on its approach.

Approach ranked "4" because it appears all barriers are overcome.

Porvair identified and solved a key issue required for manufacture of bipolar plates to a scale of 1000's of parts.
No information on cost, so can't determine how well this market barrier is being addressed. Showed data only
on bulk conductivity, but need to focus on surface conditions and overall resistance (i.e. bulk and surface

resistance).

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.67 based on accomplishments.

Exceeding their targets ahead of schedule; indicates that the $10/kW goal will be exceeded, thus meeting

customer needs.

Progressin scale-up has been outstanding. Parts have been manufactured at arate far beyond that originally

anticipated for phasel.

Good progress toward establishing production capability. No information presented on progress towards cost

targets.

Question 4: Technology transfer/collaborations with industry. univer sities and other laboratories

This project was rated 3.67 for technology transfer and collaboration.

Have taken ORNL process and shown that large scale manufacture communications are feasible.
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Porvair and ORNL clearly collaborated very closely in this scale-up activity. Excellent example of
communication of atechnology developed at anational |aboratory.

Good coordination with stack developers. Should lead to good evaluation of plates under realistic conditions.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

What happens after Phase 1 line is complete?

Time to get DOE support and sell to the customers?

Project appears to be compl ete.

I ssues remaining to be solved for larger scale manufacturing probably should now be the responsibility of
Porvair.

Strengths and weaknesses

Strengths
Outstanding successin Phase .
Good scale-up from lab to pilot plant.

Weaknesses
Outside of the scope of this project, but | would have liked to have heard something about how these are
performing in actual stacks.
Sealing successfully addressed?
Scientific principles/technical barriers for Phase Il scale up not as clearly defined.
No cost projections.
No data on interfacial resistance of plates.
No mention of scrap rates.

Specific recommendations and additions or_deletionsto the work scope

Phase |1 line scheduled to be completed in December 2003.

Strong customer demand.

Not aresearch program anymore. Time for phasing out of DOE R, D, & D funding?

Goals of DOE program appear to have been met.

Further development should probably be the responsibility of Porvair.

Recommend that cost projections be specifically included in work scope. If not already done.

FY 2003 Merit Review 137
and Peer Evaluation



FUEL CELLS

Project #77: High Temperature Polymer Membranes for Fuel Cells
Zawodzinski, Tom Case Western Reserve University

Brief Summary of Project
Overall Project Score: 2.83 YU oyl Eals
In this project, Case Western Reserve oo E
University and universities, national labs, and Minimum
industry are developing new membranes and 4.0 - —_ —_
membrane electrode assemblies (MEAS)
which can operate at 120°- 150°C.
30 q 5
Question 1: Relevanceto overall DOE
obj ectives
2.0
This project earned a score of 3.50 for its |
relevance to DOE objectives.
1.0 —
Agree with presenter's comment that
programisfinaly "launched." Excellent
mix Of_ pI'O] ects and PI'swith fundamental Relevance Approach Tech Accomplishments  Tech Transfer/ Proposed
expertlse in materials sy nthesis & | Progress Collaborations Future Research

properties rather than fuel cell researchers
trying to tweak the materials. The variety of approaches mitigatesrisk and will likely lead to several long-term
solutions for high T membranes.

High temperature membranes are holy grail of fuel cells. The success of this and other HT work will have
dramatic implications on power system simplicity.

Thisisamong one of the most important also most challenging technol ogies to enable the H, fuel cellsin
transportation. It'simportant to support this research with realistic view of the high risk and long term nature.
There is no question that the development of superior memb ranes for PEMFCs-DMFC, RHFC, and Hy/Air over
awide temperature range, is critical for the commercial realization of FC based power systems. However, |
have severe reservations about how well this particular program will meet this objective so much so tha |

would rate it a1l on your scale.

Program addresses key issues assisting, resolving system problems associated with low temperature of PEM.
This program did not quantify the benefits for raising the temperature, i.e. how much will aHTM simplify the
reformate system?

Program needs to be coordinated with system study.

High emphasis on one aspect critical to EERE R&D plan, high temperature membranes. It alone will not solve
the issues of high temperature MEAS.

Appropriate catalysts, 3-phase interfaces, stable catalyst supports are all part of the issues that need to be solved.

Question 2: Approach to performing the research and development

This project was rated 2.50 on its approach.

Projects within program address several distinct, potentially viable approaches not limited to one "pet" project.
Degree of participation in HTM working group not clear. Are these meetings required for funded projects? (If
not, they should be). Some apparent overlap of R& D areas between groups (i.e. someliquids @ AZ state &
LANL). Arethese coordinated or independent projects?

If (commercial) results are expected in short term, it may not or will not happen. Nonetheless, the team that
Tom Z. has put together is, without a shadow of doubt, world-class and extremely capable.

The project lined up the right technical teams from synthetic chemistry to FC engineering. Each team seemsto
be working on the right problems/barriers. The focus can and should be improved. 1'm surprised that the project
picked up some "tried and failed" routes, e.g. the SiO,/ Nafion composite. Be careful not to spread too thin.
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Fuel cell membranes are high performance materials for specific applications. Macromolecular engineering is
essential for achieving a break-through in FC membranes. Comprehensive structure-property correlations must
be established for new materials under development.

The cyclefor carrying out well-designed material development can be viewed as a four-step process. First there
is Controlled Synthesis (ATRP, RAFT, etc.) Second, thereis Controlled Processing which includes
characterization and simulation/modeling. Third, is Determination of Properties which are dependent on
structure, size-seal of the structure, and heterogeneity (difference in structure from one phase to another).
Fourth, is the Determination of Material Properties which depend on dynamics, time-scal e and response rate.
Thisisnot aone-way process. If target materials properties can be defined clearly first (such asin the case of
fuel cell membranes), then by working backward we can design the polymers needed to achieve the target
materials, specific to this project.

Working group is too big and not balanced to cover the 4 steps above. | counted 10 participating members, 9 of
whom are focused on polymer synthesis (and not using controlled methods).

Rational e should be quantified in measurable terms such as system efficiency, power density, cost, and BOP
rather than the rogue "substantial system benefits"

The description of this effort is also vague - maybe we can use hydrated polymers as one example. When will
they decide whether they can or can't? What isthe plan in either event?

The description of the barriersisill-defined. What is"adequate conductitivity and polymer stability?' We
know enough to define these performance specs very clearly and there is no excuse not to do so.

A standard protocol for MEA fabrication for all materials under development by the working group must be
established to ensure apple-to-apple comparisons. For exanple, catalyzed ETEK electrodes could be placed
against the membrane with hot-pressing in order to get arelative screening-type comparison of performance.
MEA fabrication then only needs to be optimized for the best candidate.

| question why 1.5 teams/10 are working on electrodes in this project. The electrode work is as presented more
fundamental rather than geared towards MEA fabrication. Consequently, it really should beinits own, separate
project.

Finally, it seemsto me that the mgjority of the materials under development by this group have been under
development for many years. In fact, they have been reviewed by several authors. What is it now about this
project that will lead to something other than incremental improvements? Thereis afabulousworld of new
polymers that can be prepared using recently devel oped controlled polymerization processes. Why are none of
these materials the target of this group? Why do | not see block copolymers, grafts, gradients, star polymers
and interpenetrating networks? Why isfilm formation, morphology determination and control not a prime
focus? | see no leadersin macromolecular synthesis and engineering in this working group.

Speaker did not address market barriers. He did discuss targets but not well defined. What is "adequate”
polymer stability? Isit five-thousand hours or fifty-thousand hours?

Approach appears to be amix of ideas but rational for choices of materials not given.

For academic team, the program does not appear to be based on fundamentals.

The approach to the high temperature membranes is very broad and covers many of the currently known
potential approaches, but the efforts appear to beindividual efforts. That is, it isnot clear thereisany synergy
of the multiple groups working toward a common goal .

The other components critical to devel oping high temperature MEAS, such as catalysts and their supports and
interfaces with the membranes, processing methods for those membranes, all have to be addressed as well, and
can be as difficult as the membrane material itself, but in different ways.

Many of these issues appear to be included in the Roadmap:Research Topics slide, but it doesn’t appear projects
have been identified or initiated in them yet.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.17 based on accomplishments.

Difficult to assess progress since state of various projects at last review is not provided for perspective.
Impression was that most of these arerelatively new & datais current status. Would be helpful to see goalsfor
each project (including interim goals) rather than just the approximate time-frame. Perhaps could select one or
two projects with most progress to focus on the next presentation.

Nicelink between concept and concrete results which either reinforce or refute the concept.
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The project has now shown signs of great future progress to the credit of Tom's coordination and insights. The
ideas and concepts are well founded. | hope the execution by various collaborators will realize the potentials
efficiently in the next year.

It's hard to measure research progress against performance indicators when no clear goals are stated. No
timelines or milestones were presented, only a generic roadmap in-progress with approximate length of time to
complete aprogram. The one-slide-per-subgroup progress did little to convey a clear sense of what's going on
and whether or not the group is on target to achieve what goals.

Presentation did not quantify targets.

Performance of membranes relative to those targets was not presented.

This program needs afocus.

This poor rating is not to be taken as a criticism, rather just as an assessment of the position of the project along
the learning curve it must be on to be successful. Some of the potential paths have been identified, and work is
just beginning on them.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

Active participation by industry in bi-annual meetings.

It's not clear if CCM/MEA samples have been sent out to industry for evaluation yet or not. Maybe project has
not advanced to this stage yet.

Thisisthe strength of the project. But | hope the divergence phase will soon pass and the top three projects are
selected to focus on.

Coordinated primarily with universities; industrial collaboration is tenuous; a clear path for commercialization
of developmental material needs to be incorporated now, so that show stoppers such as cost and scale up can be
identified early.

Biannual meetings are inadequate, particularly for aworking group of this size. Once a month meetings would
be better.

Good team formed. Program needs stronger directions or coordination between teams.

Currently the effort appears to be a collection of primarily individual academic research projects taking
different approaches. Perhapsit is still too early to expect significant interactions and certainly too early to
expect technology transfer.

To expect meaningful technology transfer to occur in even the 2008 time frame will require planning for that
now, with avalid appreciation of what isinvolved in scaling up any of the membrane material approaches
identified.

For a company to make the capital investment required, the understanding of the materials should be advanced
enough to understand the major benefits and risks.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

More specific decision points should be defined in particular. Multiple approaches are being pursued and it's
not clear if down-selects will be done to focus more resources on the most promising efforts prior to the
timeframe end.

Not clear from a scientific standpoint what other 120°C approaches/sol utions exist to justify increased emphasis
on thisarea.

Focus on science and technology of your research. Let some one else worry about money!

The project has lots of good work planned. The presentation did not mention who will down-select the various
approaches and by what time and criteria.

The future directions were so poorly defined that itsimpossible to grade it using this scale. Also, much of their
future direction appearsto be funding-related, which isinappropriate.

Program should specify conductivity targets at temperature. Each membrane needs a target. Program needs to
quantify targetsrelative to fuel cell power plant improvements that will be attained.
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Agree that more emphasis on the T<120°C approaches may be good, and more achievable in the near term, and
require fewer breakthroughsin the areas they are not addressing, like new catalysts, supports, etc.

Strengths and weaknesses

Strengths
Excellent mix of projects with distinct approaches.
Projects/Pls are strong in materials fundamentals.
Strength of program isthe strong team of researchers.
Strengths include good solid research efforts by highly reputable laboratories and individuals.

Weaknesses
Not clear that all projects participatein HTM working group, or that there is adequate distinction and/or
coordination between similar projects at different |abs.

Specific recommendations and additions or_deletions to the work scope

It isthisreviewer's opinion fundamental R& D work carried out must be continued. The economic benefits and
impact of such work is hard to quantify. However, it isclear that thiswork creates a strong foundation for
industry efforts which are usually on one application and market oriented.

Take off at least three things from the list of potential materials. Cut theionic liquid work, thereislittle reason
to go back.

Have team focus on goals for membrane. Correlate the goals with the system requirements. Have the National
Lab or industry supply technical imputs on system requirements and work with researchers to establish benefits
that will simplify the system.

I would recommend that this effort could be enhanced and funded at a higher level, but only with significantly
stronger program definition and management. This might be difficult to do in the current mode with
traditionally very independent academic departments participating. It would involve a significant amount of
fundamental work to be done on more aspects of the problem, sooner.

| raise the question of whether some of these important activites that are not being covered yet, e.g. addressing
the issue of stable high temperature catalysts and supports, catalyst/membrane interfaces (with the membranes
from the academic labs), could be focused in some of the DOE National Labs, where a stronger management
overseeing could be implemented.
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Project #78: Electrodes for PEMFC Operation on H, & Reformate

Uribe, Francisco, LANL
Brief Summary of Project

Los Alamos National Laboratory is developing
electrodes for polymer electrolyte membrane
fuel cell operation on hydrogen/air and
reformate/air. In this project, Los Alamos will
optimize existing PEM fuel cell technology for
use with H, and reformed hydrocarbons,
improve overall PEM fuel cell operating
efficiency, improve efficiency of the cathode
while lowering the dependence on precious
metal loading, and achieve 0.4 A/cnf at 0.8 V
on H, with < 0.25 mg Pt/cn? and reformate
with < 0.40 mg Pt/cn on cathode. In addition,
they will initiate a Cooperative Research &
Development Agreement with Donaldson for
studying the effect of ambient air impurities on
fuel cell performance and establish the effect
of 50 parts per billion hydrogen sulfide on
anode performance.

Question 1: Relevance to overall DOE objectives

FUEL CELLS

Overall Project Score: 2.83
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This project earned a score of 2.90for its relevance to DOE objectives.

Excellent fundamental studies and performance correlations and recognized focus areas for improving

performance.

Addressing several barriers- anode, cathode, impurities and long term stability.
Specific HFCIT targets not referenced in presentation, but assumed to be reduced catalyst loading and increased
life and/or fundamental understanding of mechanisms that will lead to their accomplishment. Responses to 2002
comments are not consistent with these objectives. Disparate datais not beneficial. We need analysis and
conclusions from data that can be used to advance technology, i.e. single cell test protocol does not * develop

fundamental understanding of catalyst and electrode operation.”

More emphasis needed on long-term (2000 hrs.) durability effects of reformate on FC performance than just
confirming partial remedial use of air bleed for short-term passivation effects.
Focusing on both anode and cathode catalysts, impact of impurities, important new diagnostic tools, and

numerous outside interactions.

Question 2: Approach to performing the research and development

This project was rated 2.90 on its approach.

Excellent correlation of fundamental science and fuel cell performance. Strong recommendations on

approaches to improve performance based on the results that are reflected in future work.

Expanding on the type of impurities that might affect long-term stability was positive. From many other
presentations seems that LANL is providing lots of support for the overall DOE program - ORNL, BNL, NRL

collaborations.

Segmented cell not used to study downstream, CO or water management issues under realistic conditions
(T=105°C); also data shows no effects contrary to all models with no explanation. |s data meaningful in real
world conditions; explanation required. RCA with air bleed is no better than other approaches and can cause
more problemsthan it solves. Constant flow rather than constant stoich data not realistic. Two of more
interesting items; Pt/Cr mass ratio changes and CV effects on SO, not explored/explained. Do not conclude that
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porosimetry data correlates with Nafion content. Do not agree that data shows cell fully recovered after NO, off
and operated on clean air. Work should address “why” after “what” is determined.

Somewhat a“smorgasbord” of investigations and the activities/results reported do not provide comprehensive
coverage of the goals and approaches stated.

It appearsthe LANL group is evaluating a number of different problems and serving as an evaluation house for
anumber of others. For the latter they are not devel oping the materials so can’t expect be expected to
“overcomethe barriers’.

Question 3: Technical accomplishments and proagress toward project and DOE goals

This project was rated 2.80 based on accomplishments.

Excellent advancement of new diagnostic techniques (XRF & porosimetry).

Good progress in analyzing impact of poisons/contaminants on cell performance.

Studies are thorough and dwell-defined.

Segmented cell technology valuable tool for accelerating studies and increasing information.

Good findings and conclusions on the importance of impurities an their effect on long term MEA performance.
Resultsin general not useful as actionable conclusions or add to overall understanding. Stated goals not
attained. Quantification of problemswith contaminants not that useful. MEA manufacturers not using results.
Work seems behind schedule. Need to relate results to polarization curves. Where is NaCl data referenced?

M odest progress reported — not yet engendering high confidence in addressing reformate usage. Not quite sure
what the “ contaminant ions effect” of K, NHy4, & Cu findings really told me? Need to find solution or
mitigating means to SO, problem — not good enough to state “exposure to SO, must be avoided”.

Theresults are very useful and establish some baselines, particularly the impact of variousimpurities.

Question 4: Technology transfer/collaborations with industry, universities and other |abor atories

This project was rated 3.00 for technology transfer and collaboration.

Demonstrated interaction with industry and other lab researchers and technology transfer specific highlight this
year is MEA preparation training for NRL researchers.

LANL provides validation testing and guidance for alarge number of DOE funded projects.

Not enough datato evaluate to conclude.

While collaborations reported are encouraging, we need to understand more fully how these support the project
goals.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.60 for proposed future work.

Goal of re-activating catalysts under standard operating conditions would provide most impact of planned future
work.

May be more focused research in one area could be beneficial, of example this could be a study of therelative
importance of each of the different factorsthat affect MEA long term performance -e.g. which ones could be
more easily eliminated (impurities vs. catalyst agglomeration; vs. printing approval for MEAS).

Work does not have measurabl e metrics specific enough to define completion, i.e. see Goals and Approach
charts. Work just continues without tying up with a conclusion that unifies all pieces at the sametime. Goals
arefilled with words like Study, Investigate, Initiate, etc.

Rate of progress needs to increase and be more focused on quantifying long-term effects of reformate versus H,.
Isthere adurability/reliability priceto be paid for reformate use?

Thelist of proposed future topicsistoo long for the amount of resources and the time for any new results to
have agood impact. Suggest that some serious prioritization and group focusing be carried out.
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Strengths and weak nesses

Strengths

W

Clear project timeline/accomplishment goals excellent fundamental studies and performance evaluation.

eaknesses

Itisclear that alot of test data has been taken and man-hours applied, but | cannot see specific conclusions that
have been reached in simple declarative sentences.

Some of the statements are not justified by the data shown. We need to know what (mechanisms) things are
happening at a more intimate level and why, i.e. degradation over time, H,O movement thru GDL catalyst and
membrane, etc.

Overall impression is that the project appears more to be confirming the known problems of reformate operation
rather than finding solutions.

Specific recommendations and additions or_deletionsto the work scope

Develop more specific goalsthat cover all features simultaneously.

Publish more comprehensive and in depth analysis of resultsin peer review journals like Journal of
Electrochemistry, etc.

Possibly needs a Go/No-go review (2004) - possibly linked to the Go/No-go decision on on-board quick start
reformer work.
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Project #79: New Electrocatalysts for FCs
Ross, Phil, LBNL

Brief Summary of Project

In this project, Lawrence Berkeley National
Laboratory is developing new electrocatalysts
for fuel cells. They will conduct research on
the kinetics and mechanisms of electrode
reactions in low temperature fuel cells and
develop new electrocatalysts using amaterials-
by-design approach.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.60 for its
relevance to DOE objectives.

These types of fundamental studies are
crucial to developing advanced fuel cell
materials.

FUEL CELLS

Overall Project Score: 3.36 U s
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Main criticism is that impact of collaborations on thisresearch is not clear. Appearsto be a stand-alone project

not adequately tied to the rest of the program.

Excellent basic modeling of ORR catalysts which is used as guidance by other researchersin thefield.

To improve the objectivesin efficiency, durability and cost, basic understanding of cathode catalyst reaction
mechanisms and limitationsiscritical. DOE support of these activitiesis necessary. Thiswork addresses these
issues and offers a basis from which catalyst system modifications and alternatives can provide.

Critical to the needs of the fuel cell program is afundamental understanding of catalysts. This program offers

that understanding.

Focuses just on catalysts, and understanding basic mechanisms, so clearly some work will appear to be “ off the
track.” But thisis necessary for this kind of research.

Question 2: Approach to performing the research and development

This project was rated 3.60 on its approach.

More effort should be applied to synthesizing the proposed "grape” structuresif the fundamental predictions are
borne out. Pl indicated that thisis being pursued at a university, but didn't provide a sense of the current status
and anticipated timeline for materials availability for testing.

Excellent project workflow and consistent build up on previous findings and experience

Thetoolsfor this research are available and applied to advance thiswork. By combining experimental work
with atheoretical description to help describe the observed results, additional insight into cathode catalysts
performance is provided to all. Theinformation is presented in a concise and clear message.
Programislogically and structurally focused with afundamental approach that should lead to a greater
undertanding of the catalyst. This understanding should yield benefitsin the development of new catalysts.
Thisisthe only program where an attempt is being made to understand how to design catalysts from a
fundamental basis.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Additional fundamental understanding of materials provides guidance to preparing relevant materials-by-design
to meet DOE goals. Main concern is adequate materials synthesis program to complement the fundamental
studies.

Interesting findings and important observations, excellent modeling work.

Progress has been very good in an area of research that is difficult. Some theoretical work has been tied with
the experimental work which is quite appropriate. The modeling effort provides the opportunity to propose and
examine new catalyst systems. However, the theoretical modeling effort seems to be limited and based on
atomic, rather than metal cluster and surface phenomena.

Great progress and understanding compared to what was reported last year.

Work at thisbasic level iscritical, but still far removed from practical systems that might be scaleable. Progress
is slow because the questions being studied are very difficult.

Question 4: Technology transfer/collabor ations with industry, univer sities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

Collaborations listed, but impacts of interactions on this project not clear.

Extensive publications list.

There could be additional effort applied to expanding cooperation with other laboratories to expedite the
investigation into the proposed catalyst mechanism and generating more experimental data.

Works well with industry groups.

There appears to be alot of collaborative research, mainly academic in nature.

Technology transfer isless clear, but probably could be carried out fairly quickly isagood materials systemis
identified.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.60 for proposed future work.

Synthetic aspects are critical to relevance of this project and to providing future decisions. Leveraging of BES
funding for theoretical modeling will benefit project.

Continue expanding on the material s choice for cathode catalysts.

A good mix of experimental work comb ined with theoretical basisis planned. It would be very helpful to
predict alternatives that may offer similar activity. Assistancein carrying out some of the experimental work
through outside collaborators would be very helpful to program.

Future research following logical approach that combines theory and experimental methods.

Some concern that consideration for how the catalyst fabrication process affects the structure, and hence
activity, is under appreciated. It isnot shown as a specific part of the LBNL Materials by Design Approach
slide, but iscritical to manufacture of real materials.

Strengths and weaknesses

Strengths
Strength is high quality of scientists participating in the research.
Clearly the chance to obtain a fundamental understanding of ORR and H, reduction, relating materials structure
to materials activity.

Weaknesses
More activity and faster progressis needed.
Relating materials process to materials structure (which then determines activity).
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Specific recommendations and additions or deletionsto the work scope

Focus should be on synthetic methods to produce grape structures. This project should be scaled back or
terminated if the synthetic effort is not ramped up.

Collaboration with more universities and laboratories to expand both the experimental work and theoretical
description and modeling should be encouraged, both by LBNL and DOE.

Group should compare their emerging concept of a"grape" catalyst with previous theories of catalysts.
Evidence outside the LBNL work suggests that ternary catalysts will be much improved over binarys. They
should start to try to understand those systems. Also, with their research plan “to pursue new synthetic
chemistry to synthesize nanoparticles with the “ grape” structure,” care should be given to processes that can be
cost effectively scaled-up in the end, i.e. don’t settle on just the first route that may work and stop, because
again the processis so important for determining the catalyst structure they are trying to achieve.
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FUEL CELLS

Project #80: L ow-Platinum Hydrous M etal Oxides for PEMFC Cathodes
Swider-Lyons, Karen, NRL

Brief Summary of Project

Overall Project Score: 2.91 YU oyl Eals
In this project, the Naval Research Laboratory “ggg;g*guem E
is developing low-platinum catalysts for Minimum
oxygen reduction a8 PEMFC cathodes. The 40 —_ —_ —_

Naval Research Laboratory will decrease the
platinum content of the oxygen reduction
reaction catalysts in fuel cell cathodes to meet 3.0
the DOE 2010 precious-metal-loading goals of
0.2 g/kW, in addition the new MEAs must cost
less than $10/kW and be stable for at least 20
5000 hours.

Question 1: Relevanceto overall DOE 10 m
objectives

This project earned a score of 3.14 for its : : A
. . Relevance Approach Tech Accomplishments  Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

"Out of the box" thinking for a project that is high risk, but potentially has avery high payoff.

Viability of oxide-based materials would address cost, precious metal |oading and performance issues and could
greatly expand the potential catalyst materials base for fuel cells.

Very relevant in long-term aspect.

Addressed FC cost. Key problem is electrode costs- must drive down materials cost.

Lowering precious metal content is definitely astep in the right direction.

Work isrelevant if it yields results.

Novel cathode catalyst materials chosen on arational basis-- just about the highest priority-type project that
could be imagined.

Addresses only one issue, trying to reduce Pt levels. It isnot clear thereisany economic benefit of attempting
to reduce levelsto the 20x lower limits that the presenter claims.

Question 2: Approach to performing the research and development

This project was rated 2.86 on its approach.

Focusis on fundamental materials development and understanding, with excellent use of relevant fuel cell
performance indicator experiments to demonstrate viability.

Good progress compared to the report last year. New systems studied, stability issues addressed.

Outstanding program for investment dollars.

Focused on key FC problem to reduce loading. Use chemical understanding to design and understand
electrocatalysis. Tied to lab and industry.

Good theoretical approach.

Would like to see amore detailed strategy/plan with respect to where this program is going technically. The
understanding of the needsisthere.

Choice of materialsisgood. Testing needs improvement, and interpretation of electrochemical test data, as
shown in the presentation, has to improve very significantly or it will completely destroy the value of the
project.

The slide "RDE results for acid-stable Pt-FeOx" purportsto demonstrate that the novel catalyst has 610% of the
activity, per gram of Pt, of a20% Pt/carbon reference catalyst. But the data are compared not in the kinetically-
controlled potential region, but rather in the limiting-current region, where the currents are determined by mass
transfer effects and normalization to the mass of Pt makes no sense. Comparing limiting currents (which should
be independent of catalyst |oading aslong a minimum activity is achieved) and normalizing to the mass of P,
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the lower-loaded catalyst will alwayslook better. Thisis notameasurement of intrinsic catalyst activity at all.
Another slide later in the presentation shows the same error, so thiswas not just a one-off slipup.

M easurements below 0.6V don't mean much.

It still isvery unclear why this approach will allow reduction of Pt levels. The justification for using metal
oxide as supportsis to enhance proton conduction to active sites, but thereislittle evidence thisisthe rate
limiting stepin ORR. Theinitial claimsthat the PtFePOx showed 20x the activity of Pt isvery suspect. The
data presented this time, of 6x higher activity is also very confusingly presented and suspect.

Question 3: Technical accomplishments and proaress toward project and DOE goals

This project was rated 2.93 based on accomplishments.

Significant progress since last year'sreview. Transfer of LANL MEA preparation procedures and
implementation of GM boiling test are key improvements in eval uating the viability of the propsoed materials.
Addressed DOE cost barrier concern and is pursuing durability and performance concerns.

Expand on testing of the new materialsin MEA configuration and on optimization of the MEA structure - this
would reveal significant performance advantages.

Developing good understanding of how system works. L ots of new, good ideas to pursue.

Hard to quantify progress. What was the status |ast year between what it is now?

The applied science and methodologies are not close. Did not see significant developments from last year.
What was communicated seemed tenuous at best.

Good, provided that the errorsin test interpretation discussed above are freely acknowledged and immediately
corrected.

Great care should be taken to baseline the results against the absolute activity of Pt in a state-of-the-art MEA.
After this has been done, it should become possible to assess whether the new materials really represent an
advance over Pt/C.

Thisyear'swork apparently showed that finer grinding of the new catalysts solved the very bad performance of
the materialsin MEAs at LANL last year.

Further refinement of the catalyst and electrode preparation is needed.

Rigorous baselining against Pt showing true industrial performance levels must be shown.

The amount of funding is very modest, but progress has been made in terms of getting outside expertise to help
with the assessment. However, the rate of progress towards the ultimate goal is more questionable, due to
again, the way in which the data presentation appears to be camouflaging the true comparative results.

Question 4: Technol ogy transfer/collabor ations with industry, univer sities and other |aboratories

This project was rated 3.07 for technology transfer and collaboration.

Excellent. See abovere: LANL & GM, and continued strong collaboration with the University of Pennsylvania.
Project was focused in a better way after collaborations with established/experienced FC
manufacturers/researchers advice was sought and followed.

Working to increase industrial collaborations. Establishing work relationship with labs.

Good collaboration is beginning to take place.

Group is not interfacing enough with others. Increase such discussions like the ONL-CU talks.

Useful lines of communication have been opened. Full advantage needs to be taken of these opportunities to
bring the work toits highest possible level.

Question 5: Approach to and relevance of proposed future resear ch

This project was rated 2.57 for proposed future work.

Based on level of funding should focus on one or two key areas for 2003 - 2004. Particle size effect and
approaches to small particle synthetic methods should be pursued. Optimal MEA development should probably
await identification of one or two promising small particle catalysts since the LANL procedure cannot be
followed exactly and optimization will likely require signficant time and effort.
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Very good plan for future work. Focus on MEA testing needed in addition to structural characterization.

No off-ramps, but good directions in future research plans.

Fairly comprehensive list of future plans. Should focus on one or two aspects.

What is the ultimate commercialization plan? Work with Gore/DuPont/OMG, etc..? If thisisthe plan, such
discussions should beinitiated now.

This group isgood at screening systems- more is needed in fundamentals. Should report more in-depth
technical results/data.

Plans are good and can move forward once testing and interpretation of test results are brought up to acceptable
levels.

Most of these goals are necessary to study problems that the metal oxide supports brought with them. The use
of metal oxide supports for enhanced proton conduction is suspect fundamentally, but when it requires
additional methods to try and improve electronic transport and studies of carbon/metal oxide supports, it isonly
making the problem more complicated without any convincing win at the end of the game.

Strengths and weaknesses

Strengths
New catalyst discovery through scientific understanding highly innovative.
Good organization.
Interesting materials.

Weaknesses
Low level of effort given potential payoffs.
Communication of more scientific oriented approaches/results.
Interpretation of test results and, to alesser but still serious extent, testing methodol ogies.

Specific recommendations and additions or_deletionsto the work scope

Increase funding to speed-up analysis and testing of materials.

Interface with electrochemical and solid state |abs.

Take adeeper diveinto the fundamentals.

Correct the datainterpretation. Add explicit baselining (absolute performance numbers, not just relative curves)
against activity of state-of-the-art Pt both in MEAs and in the form of the catalyst actually tested (e.g. RDE).
This program continues to leave significant doubt asto the scientific credibility of the conclusions from the data
presented.

Thejustification for continued work is the evidence for enhanced activity of the metal oxide supported Pt
materials. But the Tafel plots and polarization curves are not presented in the conventional manner that shows
this, and critical facts that could be used to substantiate the claims are specifically omitted, such as the exact Pt

| oadi 225 used in the Pt-M O, case versus the 20 wt% Pt/V C case. The wt% values are irrelevant, it is the exact
mg/cnt of Pt that iscritical. Inslide5, of the PtFePOy case, the claim is that the latter has 6x times the activity
of the 20 wt% -V C appears to be deduced from the limiting current density value of the Tafel plot presented.
Therotating disc limiting currents should not be dependent on the catalyst activity, since they are transport
limited currents. So unless the measurements are done wrong, it is difficult to understand how this data plot
supports the conclusions claimed. 1n the Pt-SnO, cathode performance slide, the same data plotting approach is
taken, but relative loadings are given there.

It is possible then to replot the datain a more conventional manner, of voltage versus A/cn?. Doing so shows
that the PtSnO, sample is about 400 mV below the 20 wt% Pt/C in the 0.2 to 0.3 A/cn? range. Thisis far more
than the 70mV that would be expected for a one decade lower Pt loading (0.2 versus 0.02 mg/cnf as claimed),
which strongly suggests the PtSnO, on carbon is performing much much worse in a PEMFC than 0.02 mg/cn?
of pure Pt/VC would. Hence, again, the data appears to be presented in afashion that confuses the issue rather
than clarifying it. The same problem occurs with the RDE data from the Pt-NbPO, data. Limiting currents
cannot in principle be used to compare catalyst kinetic activities.

These | atest results should be plotted in the conventionally accepted manner and taken to arecognized fuel cell
electrochemist for conclusions.
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The amount of funding on this project is not much, but thereis still the option to use that funding to evaluate
some other new or radically different approach to solving another critical problem.

Suggest that next year thiswork be presented in a poster so more discussion and clarification can take place.
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Project #81: L ow-Platinum L oading Electrocatalysts
Adzic, Radoslav, Brookhaven National Laboratory

Brief Summary of Project

Brookhaven National Laboratory is developing
low platinum loading catalysts for fuel cells to
reach the 2010 DOE target of 100 ny/cn? total
noble metal loading and improved carbon
monoxide  tolerance compared with
commercial  platinum ruthenium (Pt-Ru)
catalysts. They are also characterizing Pt/Ru
electrocatalysts prepared by a new method
involving a spontaneous deposition of Pt on
Ru nanoparticles.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.60 for its
relevance to DOE objectives.

FUEL CELLS

Overall Project Score: 3.20 YU oyl Eals
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Based on current SOA, Pt and Pt-alloy catalysts are most likely to meet DOE targetsif loadings are decreased.
Therefore, this project supports DOE's goals by combining fundamental studies and performance-based testing
of these materials to optimize activity and minimize loading.

Thereis still aquestion asto whether DOE's long-range goals can be met.

Directly addressing the cost of components- novel approach with materials that have the potential to minimize
use of platinum.

This program would positively impact the goals because it would lead to lower cost and more reliable catalysts
therefore leading to success of technology introduction.

Project devel ops afundamental understanding of carbon monoxide poisoning of fuel cell anodes which may be
critical to resolving CO poisoning.

Although focused only on basic catalysts, the work and approaches are unique and should lead to fundamental
improvementsin ORR catalysts.

Question 2: Approach to performing the research and development

This project was rated 3.60 on its approach.

This project leverages previous approaches to making low Pt-loading catalysts (spontaneous deposition), but
would benefit from interaction with researchers outside of BNL.

Relationship to/distinction from catalyst work by others (i.e. Wieckowski) is not clear. It isaso not clear how
the structure/phase behavior is being exploited to design and demonstrate practical catalysts.

Work on cathode materialsis of higher importance and needs to be expanded further.

Novel and excellent approach shown building on past work.

The project focuses on critical issues- especially durability and life of the electrodes.

Continued evaluation of platinum on ruthenium is not beneficial. The instability of ruthenium at the anode
during the "off" state of the fuel cell invalidates this material as a catalyst.

Their ability to study catalyst activities and surface structure in-situ is tremendously important and potentially
will lead to the fundamental understanding necessary for the improvements that need to be made.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.80 based on accomplishments.

The project demo nstrated improved life for 1% Pt/ 10% Ru/ C catalyst at |oadings that exceed DOE 2004
targets for anode.

They reported on initial low loadings last year, so it isnot clear how much of improvement is due to processing
vs. fundamental materials improvements.

Excellent idea on alloying Au as core material on top of which Pt can be deposited as monolayer.

Needs to be validated in MEA. Testing done previously in collaboration with LANL on the anode catalysts.
Thiswork is expanding the knowledge base. New concepts and/or materials will result.

Very good work.

Program needs some system guidance to focus on catalyst research to devel op understandings for new catalysts.
Good, fundamental results being implied, but they are not yet close to helping overcome the barriers to
commercialization.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.75 for technology transfer and collaboration.

Benefits of listed collaborations to the program were not evident.

Thisisabasic research project that is of significant importance and the coordination with other institutionsis
adeguate.

Collaboration is apparent and in place.

Working with laboratories and industry which is the target.

Not really clear to what extent the interactions with outside companies or laboratoriesis proceeding.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.25 for proposed future work.

Thisisasimple extension of current work.

Better correlation between the fundamental scientific studies of surfaces and the insight they provide for
catalyst development is needed.

Milestones for demonstrating progress are indicated, but targets for the performance at those milestones are not.
It isimportant to keep focus on cathode el ectrocatal ysts and expanding on compositional variables.

This project exhibited a high degree of thought as to what comes next.

The project continues to build on past accomplishments.

Still need to focus more on cathode catalysts.

The approach of applying Pt monolayer to other metal particles supported on carbon needs to be evaluated as
well from a process/cost perspective. Isthisthe best way to try and obtain monolayers of Pt. If it can't be
manufactured cost effectively or reproducibly, then the advantage of low precious metal loadings will be
compromised.

Strengths and weaknesses

Str

engths

Solid work shown.

The knowledge is there and the 'know-how' isin place.

The scienceisvery strong and research demonstrates a good understanding of the topic area.
Ability to fundamentally relate activity to structure.

Weaknesses

Very difficult to follow presentation. Better organization is needed.
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Close contact needed with large scal e catalyst manufacturer to help evaluate ultimate feasibility of catalyst
manufacturability and effect of process on structure.

Specific recommendations and additions or _deletionsto the work scope

Last year significant accomplishment was reported on the anode catalyst - it seems that no further significant
improvement can be made. Similar extended study on the cathode catalysts may deliver significant advances.
A little more funding could accelerate this work. It appears this program has low funding.

More effort on cathode catalysts and less on anode, and also catalysts for high temperature MEA operation.
Since high temperature membranes and MEAs are a critical barrier being addressed by other DOE projects,
aligning this one with those goal s would make sense.
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Project #82: Microstructural Characterization of PEM Fuel Cells

Blom, Doug, ORNL
Brief Summary of Project

ORNL is wusing TEM characterization
techniques to provide information necessary to
optimize the distribution of precious metal

catalyst for increased efficiency and reduced
catalyst loading, leading to cost reductions in
PEMFCs. ORNL is also
characterizing/quantifying microstructural
changes and relation to the performance lossin
PEMFCs to understand issues relating to
durability and lifetime.

Question 1: Relevanceto overall DOE
objectives

This project earned a score of 260 for its
relevance to DOE objectives.

FUEL CELLS

Overall Project Score: 2.36
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Very useful analytical tool for studying the long term stability issues for PEM MEAs.

Thistool will be and isvery valuable in understanding the special arrangement of componentsin the MEA. This
will be very important to understand degradation mechanisms.

Animportant analytical tool that should be devel oped to support the material research. But it isnot a critical
technology.

Whilethefirst objective, the distribution of precious metal catalyst is relevant, thistechnique may have too high
resolution to really relate to production parameters. However the second objective seems highly relevant to
durability.

Thorough analyses of PEMFC Beginning of Life (BOL) and End of Life (EOL) is essential for following
component changes and correlating these to operating time.

Question 2: Approach to performing the research and development

This project was rated 2.20 on its approach.

Good progress towards improving resolution including the acquisition of new equipment.

| do not perceive enough focusin this activity.

L eadership and direction to thiswork could be provided by a better relationship with LANL or other MEA
experts.

ORNL obviously has very powerful tools and capability, but | am not sure they are being challenged.

Maybe the project isin the early stage, but it needs a clearer and more direct link to problem solving. Thisis
best achieved by work on durability study and even focusing on one or two selected |0oss mechani sms among the
many possible losses.

More correlation with either single cell testing and/or a 2" characterization such as porosimetry or capillary
flow porometry, or even high frequency resistance is needed.

This program has been underway 3 years and no concrete progress has been shown.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.40 based on accomplishments.

More focused and targeted study of factorsinfluencing loss of performance and more quantitative analysis of
data needed.
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Technical accomplishment was the demonstration of making thinner sections. The data derived from this new
technique did not really show anything that was not shown in previous work.

A focused program with LANL in pursuit of specific mechanism etc... might be more valuable.

Improved resolution is good but we have not seen any real impact yet.

Compared to previous work, appears that more has been accomplished.

The < 100 nm ultra microtomy thickness barrier has been broken with impressive results.

Some progress but not enough to truly advance technology.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 2.20 for technology transfer and collaboration.

Good collaboration started with LANL - would be good to expand onit.

Are there other collaborations with industry which can not be discussed? Have all industry partners devel oped
their own methods with their own instruments? If so, is ORNL providing information on their sample
preparation techniques?

There are many small areas where the technique can help. | urge the team to link with a couple more FC teams
in the front line to really understand their needs and initiate some new applications.

While LANL makes a good partner, | would have liked to see more industry interaction.

Question 5: Approach to and relevance of proposed future resear ch

This project was rated 2.40 for proposed future work.

Needs to have a more specific plan of what parameters should be studied.

New instrument to do elemental analysisiscritical.

Proposed future work does not address durability. It is still not clear if this methodology can image the " soft"
components such as Nafion ionomer or Teflon.

No evidence of useful data has been shown. Data on how the cell microstructure changes are needed. Does
porosity change? Does Pt sinter (re-crystallize)? Are there potential corrosion productsin the MEA?

Strengths and weaknesses

Strengths
Appears great for following catalyst changes or distribution.

Weaknesses
There are too few industrial connections and a lack of fuel cell insights.
Can the method image soft components? |sthere any correlation between visual images and other physical
properties/performance?

Specific recommendations and additions or deletions to the work scope

Stronger teaming with, for example, LANL, combining LANL's existing analytical tools (XRF, EDS, etc...)
with the powerful tools that ORNL has, is needed.

Show the technique'srelevance or run the risk of being labeled non-essential in ayear or two.

Correlation between image and performance and/or characterization from another method.
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FUEL CELLS

Project #83: Bipolar Plate-Supported SOFC " TuffCell"
Myers, Deborah, ANL

Brief Summary of Project

Overall Project Score: 2.60 YU oyl Eals
ANL will be working with a bipolar plate- “ﬁs;jgﬂguemi
supported solid oxide fuel cell (TuffCell) to Minimum
achieve better characteristics for use in APUs. 40 _ —_ —_ —_

This will be accomplished by tape-casting
oxide and metal slurries into films which are
then laminated, sintering metallic bipolar 3.0 o]
plate, anode, and electrolyte together, and
slurry-coating the cathode onto the electrolyte
insitu. 2.0

Question 1: Relevance to overall DOE
objectives 10 E

This project earned a score of 2.60 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Innovative approach to addressing some
of the critical material issues of SOFCs.
This project addresses durability, cost, and practical systems development.

Providesreliable SOFC design at expense of weight. May trade off on program goals.

Good approach as an alternate to anode-supported electrolyte.

Thisisgood work on asolid oxide fuel cell for APU applications, but it is not relevant to FreedomCAR
objectives.

Project should be moved to a more appropriate funding area within DOE.

Program istoo small to advance technology.

Program could be coupled with SECA funding to reach funding level to advance.

Question 2: Approach to performing the research and development

This project was rated 3.20 on its approach.

Mitigates brittle ceramic material issues and uses straightforward fabrication techniques to develop a prototype
system.

Very good project, given investment.

Provides unique solid approach to make rugged SOFC, possibly at expense of some program goals... e.g.
specific power.

Good uniformity in expansion coefficients should allow real life operation and successin thermal cycling.
TuffCell is making progress.

Market barriers could be addressed by getting some more collaboration going with an industrial partner.
Approach is reasonable but also done by others. Why not coordinate?

Program is not addressing chromium migration, which is a critical failure mode.

Program should include solving failure problem for SOFC.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.80 based on accomplishments.

Significant improvements in power density demonstrated.
Order of magnitude improvement in current density at OCV. Cyclability and material improvements also
demonstrated.
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Primarily addressed reliability and cost of manufacturing.

Good approach but not necessarily optimized by performance (efficiency, power, density). Excellent progress
this past year in getting performance up.

Some progress but not enough to truly advance technology.

Approach and understanding of electrochemical and mechanical interaction is evident.

A good deal of progress has been shown in the past year.

The status (2-3 hrs startup and 100 hr life) isavery long way from the DOE goals (15-30 min startup and 5000
hrslifetime). Also, have the DOE goalsfor such an APU really been thought through?

It wasn't clear why 5000 hrs was chosen, other than it seemed to align with the mobile application. Don’t see
15-30 min startup as an acceptable goal. (By the way, this"fair" rating isn't a criticism of the work, but a
recognition of the status compared to the goals.)

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 1.60 for technology transfer and collaboration.

No indication of external collaboration on this project.

Laminate process unique, but project could benefit from interaction with materials devel opers and collaborators
with tape-cast expertise to improve characterization and processing without re-inventing the wheel.

Not clear.

Perhaps the program is too new for much collaboration to bein place.

Itistimefor ANL to identify anindustrial partner for this work and execute a collaborative agreement.

Program should coordinate with SECA funded groups and/or with PNNL.

Question 5: Approach to and relevance of proposed future resear ch

This project was rated 2.80 for proposed future work.

Two-cell stack demo important. Some concern about multi-cell stack performance since adjacent cellswill be
intimately bonded at this point.

No off ramps. Progressing to stacks is very important future plan.

This program should be continued and has a chance to solve some very significant problems with SOFC
technology. Flat plate technology using this concept should be cost-effective and provide a means to solve the
sealing issues. Program should operate 5-10 cell stacks.

Claim is made that TuffCell has lower manufacturing and material costs, but no data were presented to
substantiate this claim (other than an estimate of >$2000/kW ).

ANL should focus on getting a handle on cost estimates for TuffCell and where the opportunities are relative to
the $400/kW ¢ target.

Strengths and weaknesses

Strengths
Solid program providing potentially highly reliable SOFC.
Argonne Labs has high quality R& D capability which could be utilized for program.

Weaknesses
May trade some performance for reliability.
Not fully funded and need closer associations with industry.

Specific recommendations and additions or_deletions to the work scope

May need to increase support to allow more rapid progression to stack. Stack testing may provide project end
and transition.

Transfer program to fossil or form alliances between EERE and fossil to move funding to alevel that will lead
to success.
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Project #84: Coatings for Fuel Cell Air Compressors

Fenske, George, ANL
Brief Summary of Project

ANL is developing and evaluating low friction
and wear-resistant coatings and/or materials
for critical components of air
compressor/expanders being developed for
fuel cells. Furthermore, ANL will develop a
material selection methodology applicable to
all DOE compressor contractor’s tribological
conditions and requirements.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 2.50 for its
relevance to DOE objectives.

Although subject may be considered
obscure, highly relevant and impacts
products/progress.

Good solid evaluation work.

FUEL CELLS

Overall Project Score: 2.78

4.0

3.0

2.0
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Relevance

Approach Tech Accomplishments ~ Tech Transfer/ Proposed

| Progress
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Collaborations Future Research

Concerns may have relevance to a section of the fuel cell market place - does not appear to be atopic of broad

appeal.

Clearly astrong bent towards mechanical analysis; but no clear understanding of polymers, PEEK, Teflon,
nylon/delrin - no understanding that variationsin MW and MWD can affect results.
Program is not on critical path for fuel cell success. It could contribute to fuel cell success, but in a minor way.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

The use of the T-maps to anticipate frictional heating is a good extension of the work.

Seems to make good sense although | do not have much experience in this area.
Solid but pedestrian - tests are standard material s characterization tests.

Approach does not distinguish differences among polymer properties within each of the families: PEEK without
aclear source of the polymer gives minimal info.
Addressing specifications that areimportant for identifying low friction coating.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

It appears that they have achieved/extended the goals at |east on an experimental basis. The next step isto create
working units with the preferred material.

Okay as afirst round of work.

Results solid but limited because presenters did not fully identify the polymers used, e.g. Teflon or Delrin or
PEEK. (What MW? Wheat product ID?) Without correlation to molecular properties, finding may be limited.
Reported devel oping coatings but not obvious the coatings solve friction problems to the extent they would be
incorporated in equipment.
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Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 2.67 for technology transfer and collaboration.

While many companies are listed, it istime to "start building" devices for the next level of evaluation, granted
some of these activities have already begun.
Not sure.

Needs connections to polymer experts. Needs connections to companies who actually use the materialsin their
devices and are dissatisfied with materials at hand.

Several contacts. Appear to be expanding to fuel cell manufacturers.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.75 for proposed future work.

Approach looks good except for corrosion measurements under either forced or "operating” environmental
conditions.

Plan to improve program is good but subject matter expertsin polymer structure and synthesis are missing.
Actual customer demands must be articulated and qualified.

Do not identify specific pathways for low friction coating.

"Work with" does not identify specific objectives.

Strengths and weaknesses

Strengths
Great pragmatic approach.
Solid understanding of mechanical wear dueto tribology.
Good understanding of testing procedures.

Weaknesses
Needs to continue working on devices to anticipate "real" material issues.
Is cost afactor? No cost or relative cost was discussed.
Must improve depth of polymer understanding so that practical suggestions for new materials may be effected.
Weakness is no pathway identified that would |ead to low friction coating.

Specific recommendations and additions or_deletionsto the work scope

Corrosion testing. Continue working on real devices.

Add polymer experts.

Evaluate need for program.

Focus effort on solving specific friction problems for a compressor/blower.
Answer questions regarding val ue of compressor coating technology.
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Project #85: Carbon Composite Bipolar Plate for PEM Fuel Cells

Besmann, Ted, ORNL
Brief Summary of Project

In this project, ORNL's objective is to develop
a durry-molded, carbon fiber material with a
carbon chemical vapor infiltrated (CV1) sealed
surface as a bipolar plate that would mest
DOE cost and property goals. The preform is
slurry-molded carbon fibers similar to paper or
felt production, with fibers ~100um plus filler
particles, and features stamped/embossed into
perform. They will also use CVI with carbon
to sea and make hermetic high-density
surfaces, while providing a continuous high —
conductivity material.

Question 1: Relevanceto overall DOE
objectives

This project earned a score of 3.00 for its
relevance to DOE objectives.

Good work.

FUEL CELLS

Overall Project Score: 2.89
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Specific DOE HFCIT objectives not indicated but assumed to be high performance low cost stack plates
This project is good to make high power density fuel cell stack and may provide better cold start-up capahility if
the thermal mass of the fuel cell stack can be reduced.

Question 2: Approach to performing the research and development

This project was rated 2.70 on its approach.

Inthe 5 years since project initiated, data has not devel oped indicating comparative life (5000 hours) of CVI

based and alternate materialsin real full size stack with reformate or H,. Stack datais needed!

Itis necessary to identify the defect modes of the surface modification for real world conditions, and set criteria
for technical success.

Targets regarding mechanical property, e.g. for vibration or physical shock, are unclear.

Unclear why this method has been down-selected. |'s this method competitive?

Manufacturability (size precision and plate flatness) is needed to evaluate.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.80 based on accomplishments.

Problems to be addressed are: surface quality - contact resistance; testing (incl. long term) of bipolar plate under
different conditions (e.g. cycling of power, frequent start-up/shut-down); and cost analysis via Porvair.

Progress made in reducing thickness but not clear if it iswith real bipolar plates or sample coupons.

Work still very preliminary on details of manufacture.

Conductivity is good but cost must be less than $0.50 per plate (isit?).
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Question 4: Technology transfer/collaborations with industry, univer sities and other laboratories

This project was rated 3.30 for technology transfer and collaboration.

Good example of transfer to industry.
Interaction with licensee is positive but need further interactions with stack builders and dissemination of stack
test results to assist FC community.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.63 for proposed future work.

Timeto move on to other projects.

Surface properties, stack performance, cost, and testing in stacks to be more intensely addressed.
Proposed tasks are vague and emphasize properties only.

Needs to work on stack performance and durability.

Needs competitiveness analysis whether or not this technology could be competitive with other carbon
composite technology from industry.

Strengths and weaknesses

Strengths
Not only anice poster, but nice work too! Sound approach and remarkable progress.
Program has been transferred to Porvair.

Weaknesses
No data presented comparing performance and life of full size CVI plates with SOA commercial and
devel opment technology under real operating conditions. Plate work is only meaningful if it isrealizedina
stack.
Needs substantial additional data on effects of stack construction and operation.
What about |oadings and flatness of plates, etc?

Specific recommendations and additions or deletionsto the work scope

Cancel ORNL and fund-scale up at PORVAIR.

Add comparative back to back endurance and performance test of CVI plates with SOA commercial platesin
full stack under real operating conditions.

Obtain real full size stack operating information.

Obtain data at higher temperature operating conditions; i.e. 120°C to 180°C.

It is unclear whether or not this approach would be competitive.

Presently, several carbon composite bipolar plates are proposed other than this project. Some technol ogies, such
as Nisshinbo, SGL showed good performance. It is necessary to identify significant advantages of this project
(including Porvair's project) against existing technologies. Otherwise, discontinue.

Thistechnical areais necessary for the automotive fuel cell. However, we couldn't see significant advantagesin
this project when we compare with other available carbon composite bipolar plate technol ogies.
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FUEL CELLS

Project #86: Cost-Effective Surface Modification for Metallic Bipolar Plates

Brady, Mike, ORNL
Brief Summary of Project

In this project, the cost effective surface
modification of metallic bipolar plates will be
explored with the aim of developing an alloy
which will form an electrical-conductive and
corrosion-resistant nitride surface layer during
thermal (gas) nitriding. Control of gas-metal
reactions by environmental and compositional
manipulation will also be pursued.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 2.70 for its
relevance to DOE objectives.

Metal bipolar platesif thin (0.005") are
essential for vehicular PEMFC.

Overall Project Score: 2.56 YU el Eals

4.0

3.0

2.0

1.0

Maximum
Average E
Minimum

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Thus far after 3 years no evidence that this process can be used on sheet metal has been shown.
Supports low cost bipolar plate production - aligns with the needs for automotive fuel cells.
Assuming this does turn out to be less expensive and effective.

Addresses specific DOE HFCIT objectivesimportant to FC commercialization.

Plate specifications are correct.

This project can lead to high power density fuel cell stacks and may provide better cold start-up capability if the
thermal mass of the fuel cell stack can be reduced.

Question 2: Approach to performing the research and development

This project was rated 2.60 on its approach.

Approach must be changed to use sheet metal and materials that cost less than 316 stainless steel.

The researchers appear to have addressed or are currently focused on the key technical uncertainties:
formability, contact resistance, corrosion resistance, fuel cell testing and low cost.

It will take alot to overcome the leachable ions. Coating must be perfect.

Project team has pragmatic approach addressing obstacles as they appear step by step.

Have combined material and stack testing in logical fashion.

Basically good approach to focus on the nitride by surface modification.

It is necessary to identify the defect modes of the surface modification for thisreal world conditions, and set

criteriafor technical success.

Basic performance (electrical conductivity), durability for real-world usage (voltage range, fuel or oxygen
starvations, thermal cycles, etc.), thickness to meet targets of power density and heat mass of stack, and cost.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.50 based on accomplishments.

Cost barriers have not been adequately addressed.
Hopefully this process can be used on sheet metal and produce flat fuel cell plates.
It appears that to reduce cost, different substrate alloys are necessary - therefore the team must repeat the

characterization cycle.

Some progress but issues remain the same.
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Very good progress shown although they have not yet reached the holy grail.
Decrease in conductivity, it is questionable that the testing condition iswell representing real-world usage
profile.

Question 4: Technology transfer/collabor ations with industry, univer sities and other laboratories

This project was rated 2.50 for technology transfer and collaboration.

No need to have technology transfer with this costly and cumbersome process using thick plates.

The collaboration and LANL appears to have been fruitful in establishing the performance characteristics of the
material. However | would like to know whether the automotive developers are interested in further developing
this technology.

Excellent capable team in place that covers all bases.

I recommend making more close communication with OEMs to get real-world usage profile and requirements.
FreedomCAR fuel cell tech team may be helpful.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.50 for proposed future work.

I's this technology ready to be transferred to industry once more cost effective substrate alloys have been
demonstrated?

Targets are on track with objectives.

Schedul e should be tightened and include decision points.

Strengths and weaknesses

Strengths
Initial results ext remely promising for automotive use.
Good mix of material and stack work.

Weaknesses
None specified.

Specific recommendations and additions or deletionsto the work scope

Consider life longer than 5000 hours as atarget so technology is appropriate to stationary applications as well as
automotive.

Cost target should be less than $0.50 per plate in mass production.

Check the progress of other developers so that results are not duplicative; some companies are currently testing
coated metal plates.

I dentify the defect modes of the surface modification for real world conditions, and set criteriafor technical
success.

- Basic performance (electrical conductivity)

- Increase durability for real-world use (voltage range, fuel or oxygen starvation, thermal cycles, cost, etc.)

- Decrease thickness to meet targets of power density and thermal mass of stack.

I recommend making closer communication with OEMs to get real-world usage profile and requirements.
FreedomCAR fuel cell tech team may be helpful.

This project ishigh priority.
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Project #87: Carbon Foam for Fuel Cell Humidification

Ott, Ron, ORNL
Brief Summary of Project

ORNL is currently working to develop
carbon/graphite foam for PEMFC
humidification. ORNL will attempt to
maximize the recovery of water from the
outlet side of the FC by condensation, wick the
water in order to evaporate it on the inlet side,
and transfer adequate heat from exhaust side to
inlet side.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 2.13 for its
relevance to DOE objectives.

A piece of technology looking for an
application.

FUEL CELLS

Overall Project Score: 1.93 YU oyl Eals
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Thereisno clear evidence that thisis aunique material.
Humidification for fuel cell applicationsis certainly important, and | don’t think we want to be forced to add

water.

Specific DOE HFCIT objectives not indicated but assumed to be high performance heat

exchangers/humidifiers.

Question 2: Approach to performing the research and development

This project was rated 1.88 on its approach.

There seems to be no understanding of the basic issues.

Progressis apparently non-existent.

I’m abit uncomfortable that thisis a case of anew material looking for an application, rather than the other way
around. How do the properties of this material compare with others? ORNL showed a cost model, but what
targets have to be achieved to make this material acceptable for the humidification application? Presenters
should alwaysinclude targets and status, especially here.
Time schedule islong and FC manufacturer involvement is too late to influence results.
Go/No-go decision point is not timely and resources may be misspent.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 1.88 based on accomplishments.

During the past year very little progress was shown.
ORNL is making progress using carbon foams for humidification. ORNL states they need saturated air at 80°C;
so how close are they? Not clear how the model isreally going to help. Seems like experiments with several
samples of different pore sizes would quickly establish the foam’ s ability to wick water.

Analytical model isincomplete and not convincing of benefits.
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Question 4: Technology transfer/collaborations with industry, universities and other |abor atories

This project was rated 2.00 for technology transfer and collaboration.

Working with Porvair is not sufficient.

Porvair is primarily interested in the ORNL separator plate.

Good to see they are working with Porvair, which should bring some relevance to the work.

Too much emphasis on manufacturability at this stage of development until technical feasibility is shown.

Question 5: Approach to and relevance of proposed future research

This project was rated 1.75 for proposed future work.

| see no evidence that the porous carbon (reticul ated) is the path to a cost effective solution.

ORNL should think about speeding up the 2005 involvement with afuel cell manufacturer to test the graphite
foam recovery unit on a PEM fuel cell. If the technology has a chance of success, ORNL should have an easy
time convincing a manufacturer to partner with them.

I’ m not sure we want to continue funding through 2004 before it’s clear that the technology will succeed
without an expression of interest onthe fuel cell manufacturing side.

Effort expended is excessive for promise of results shown to date.

The Go/No-go decision is not indicated and resources may be misspent.

Strengths and weaknesses

Strengths
Concept isinteresting and deserves study.

Weaknesses
FC system developers must be included early to set direction.
No indication that they are involved in development of specification for heat exchanger or humidifier.

Specific recommendations and additions or_deletionsto the work scope

Cancel program for lack of concrete progress.

Very little prospects for cost reduction and no justification it is superior to reticulated metals.

Thiswork should be presented to the Systems Engineering & Analysis TT when they visit ANL (Junetime-
frame, | believe).

Development approach is not cost effective. Hold off expensive manufacturing development until technical
feasibility is demonstrated.

Involve FC system manufacturer earlier in process.

Do more system analysis after specification finalized.
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Project #89: Sulfur Removal from Reformate
Krause, Theodore, ANL

Brief Summary of Project

Argonne National Laboratory is working on

sulfur removal from reformate. In this project
they will be adapting proven technologies for

on-board fuel processing to reduce the HS
concentration to less than 1 ppm in reformate.
Also, Argonne is developing new or improved
existing technologies to meet the DOE targets
for HS removal, such as, H,S concentration of
<10 ppb in reformate (FY 2010), a reactor size
of <0.06 L/kW,, and GHSV of 50,000 h™.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 280 for its
relevance to DOE objectives.

Sulfur removal iskey.

FUEL CELLS

Overall Project Score: 2.70
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Removing S from the reformate is key to the performance of fuel processors. CuO is an inexpensive and

efficient S scrubber.

The original onboard reforming focusis not consistent with the new hydrogen-focused emphasis of the

FreedomCAR program.

Decentralized offboard reforming would be better served by upfront desulfurization rather than post-reformer,
through a small S-polishing bed (or bed of copper-based WGS catalyst, which serves the S-polishing function).
Upfront desulfurizer can bridge startup by storing desulfurized fuel. Post-reformer desulfurizers requiring
operation at elevated temperatures cannot bridge startup. Central offboard H, production does not need this

kind of technology.

Gasoline reformation, on-board or off-board, could be an important, interim step in the conversion to a

hydrogen economy.

Question 2: Approach to performing the research and development

This project was rated 2.50 on its approach.

It is not clear what "breakthrough” discovery/invention has been made since 1998 (project start date).

Desulfurization using ZnO or Cu/ZnO is a mature technology.

Need additional tests on the pyrophoric nature of the material. Can the material be regenerated?
The experimental approach is adequate; yet, the results should be more thoroughly interpreted using a gas-solid
reaction model. This model would help to understand the effect of process variables and it would be a useful

tool for comparing different adsorbents and for designing S removal beds.

The project has never given adequate attention to upfront S removal, despite repeated strong recommendations

to follow that path.

Copper oxides will reduce to copper metal in the relevant feed gas starting at ~160°C, reaching completion by
230°C. While the copper-containing mixed metal oxides might be more resistant to reduction than CuO alone,
the similar behavior of Cu/alumina (with 36.3% utilization) and the best material (Cu+B/alumina, with 57.9%
utilization) suggest that the mechanism of operation isthe same (i.e. surface adsorption of Son metallic

copper). Capacity isimproved vs. simple Cu/alumina probably through higher Cu dispersion. These materials
are therefore not fundamentally different than commercial Cu/ZnO WGS catalysts used as S-polishers, such as
C18-7 (or better, T2650) [examples from Sud-Chemie]. The new materials should have been directly compared
to these commercial benchmark materials.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.50 based on accomplishments.

Good progress.

The project hasidentified an adsorbent that significantly reduces the level of Sin reformate while utilizing a
large fraction of the Cu atoms available.

The copper utilizations achieved for the experimental materials seem to be considerably higher than one would
expect from commercial Cu/ZnO WGS catalysts. Does one get spillover of Sto the other oxide, asis proposed
for Cu/ZnO? So the materials from this project do represent a successful reoptimization of Cu just for the
purpose of sulfur removal. However, similarly low H,S-out levels can be obtained with the commercial
Cu/ZnO catalysts, abeit probably with lower capacity. This project has therefore achieved over two years an
incremental improvement in an area where major breakthroughs are needed.

For an on-board system, it is essential that the sulfur adsorber hasalong life-time. EPA is not going to be
satisfied with achange-out interval of 30K miles, since there's no guarantee that the change-out is done. A
change-out target of 60K miles should be added to the work.

IsH,Sthe only sulfur speciesthat should be considered?

Are organic sulfur compounds a problem?

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 1.88 for technology transfer and collaboration.

Would be nice to compare new material with conventional Cu/ZnO material available commercially.

Need collaboration with university and industry on different sulfur removal applications.

No outside collaboration wasidentified.

Only outside interaction discussed was that several outside parties are interested in getting samplesto test.
Inadequate attention has been given to reviewer comments from prior years.

| would urge a much more aggressive collaboration effort with industry, perhaps one of the energy companies.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.90 for proposed future work.

Long term testing is critical.

The forward plan iswell thought through and it addresses key issues.

Plans to test shutdown/startup effects, including air exposure, on the Cu-based materials are appropriate.

Plans should be extended to include the effect of the desulfurization material on cold start energies and times.
Otherwise, just more futzing around with achemistry that is likely to remain inadequate, rather than taking on
the direct challenge of upfront desulfurization of fuels.

Determination of the long-term stability of these adsorbents should be speeded up; if they don’t have along life-
time, this adsorbent system won'’t be used.

Strengths and weaknesses

Strengths
Lots of data and results.
Highly relevant topic and well planned research.
Seem to have obtained improved capacities.

Weaknesses

No out-of-the-box thinking. Maybe there is no easy solution to this problem and refiners must remove sulfur
beforeit getsto the fuel cell vehicle.
Work limited to H,S, could be expanded to removing COS and mercaptansin natural gas.

FY 2003 Merit Review 168
and Peer Evaluation



Stuck on achemistry that is doomed to be inadequate (no way to bridge startup).

Specific recommendations and additions or_deletionsto the work scope

Expand scope of work to investigate sulfur removal from natural gas streams.

Publish in refereed journals.

Establish collaborations with industrial partners.

Switch to upfront sulfur removal from natural gas or abandon the project.

There will be a Go/No-go decision on on-board reforming in the future. ANL should consider how to adapt this
project to off-board reforming, if the decision is No-go.
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Project #90: Assessment of FCs as Auxiliary Power Systems for Transportation Vehicles

Lasher, Steven, TIAX
Brief Summary of Project

TIAX, in this study, will determine the
viability of using PEMFCs and electrode
supported SOFCs as auxiliary power units
(APUs) for on-road vehicles. This assessment
will consider fuel flexbility, start-up time,
power level, duty cycle, vehicle efficiency,
weight, volume, O&M costs, and reliability
and maintenance. Thiswill help identify R&D
needs and possible DOE roles.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.33 for its
relevance to DOE objectives.

Another paper study!

FUEL CELLS

Overall Project Score: 2.52
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Reduction if fuel consumed during idling is substantial and isimportant to minimize.

A nice study; needed to be done.

Good approach to introducing fuel cellsto the market.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Thetypes of systemswere decided at the outset based on "conventional" wisdom which may or may not be
supported by the results of the Portable Power solicitation.

Good summary of situation adding cost element might be helpful.
Identifying barriersis not the scope of this project.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

Another paper study!
Good progressin identifying barriers.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 3.33 for technology transfer and collaboration.

Similar analysis has been done and isin progress under 21st Century Truck. Should consider participationin

21st Century Truck.
Good partnering.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Future work will bring the project to its planned conclusion.
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Work beyond the current scope may not be needed at thistime in light of the Portable Power solicitation.
Next steps not clear.

Future plans not specifically addressed.
Pl not present, presenter didn't appear to be fully aware of what's going on.

Strengths and weaknesses

Strengths
Adequate team.
Concise study.
Easy to understand.

Weaknesses
Consider collaboration with 21st Century Truck partners.

Specific recommendationsand additions or deletions to the work scope

Continue with project.
Good study.
Wrap it up.
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Project #91: Fuel Cell Reformer Emissions
Unnasch, Stefan, TIAX

Brief Summary of Project

In this project, TIAX, LLC, will do an
evaluation of fuel cell reformer emissions.
TIAX will measure the emissions from
autothermal fuel processors for a PEM fuel
cell system under cold-start and normal
operating conditions. In addition, TIAX will
assess the feasibility of meeting emissions
standards for automobiles and light-duty
trucks through the use of a fuel cell vehicle
with a gasoline reformer.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.00 for its
relevance to DOE objectives.

When combined with other efforts, this project becomes critical.

FUEL CELLS

Overall Project Score: 3.07
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Many people assume zero emissions from a system which clearly is not the case. Emissions need to be

measured.

Important work which will show whether the claims of lower emissions for fuel cell vehicles with on-board
reforming are true. Emissions measurements from current systemswill let us know where they need to be

improved.

Question 2: Approach to performing the research and development

This project was rated 2.67 on its approach.

Evaluation of emissionsisan important aspect of bringing the fuel cell technology to application. Would like to

see some evaluation of particle emissions.

The authors should incorporate PM (particul ate matter) into the testing and address S emissions as well.
Suggest that more careful examination of start-up occur; thisis probably the majority of the emissions.

This project could also potentially benefit by working with the ANL-led Fuel Processor fast-start project.
They claim to have measured NOy coming out of the fuel processor in the presence of large amounts of H..
Thisissurprising, since catalystsin ATR & WGS should actually reduce NOy. Determination of where NO,
are formed would be helpful (NO, formed before AGB).
Integration of the amount of NOy formed during start-up would be hel pful (may need a different analytical

technique).

M odeling studies need to know how and where NOy isformed to be able to have predictive capability.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.33 based on accomplishments.

Why aren't particle emissions included? Need more actual measurements with the fuel cell in place.
It appeared that the HCs were off scale during the light-off of the tail-gas combustor. This needsto be

quantified.

The NOy levels shown seem high, usually measured at or below detectable levelsin most work.
The schedule calls for three systemsto have been tested by now, but TIAX only showed results for one (May be

due to circumstances outside their control).
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Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 3.33 for technology transfer and collaboration.

Good coordination is necessary for project success and this appears to be happening.

Working with a couple of fuel processor developers. It would be easier if this were conducted by an
organization with their own fuel processor, but since TIAX does not have that program, they could potentially
use the deliverables from other programs (ANL) to carry this out.

Coordination between TIAX and fuel processor manufacturers Nuveraand McDermott should be better. TIAX
test members did not appear to have a good knowledge of the configurations of the systems they were testing
when asked about them. There should be feedback from TIAX to Nuvera/McDermott so they have a chance to
make changes to reduce emissions.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.
Focus appears to be reducing emissions by reducing energy requirement needed for startup, which iswhere
most emissions will come from - but emissions come mainly from unreformed hydrocarbons and NO,, mainly
from afterburner. Looking at different afterburner technology would be beneficial.

Strengths and weaknesses

Strengths
Emission characterization study conducted by "neutral” party for fair characterization.
These measurements need to be made - very relevant work.

Weaknesses
No particulate measurements.
Limited by reliance on Nuveraor MTI.
M easurements didn't show total NOy during start-up (integrated value).

Specific recommendations and additions or_deletions to the work scope

Incorporate particulate matter measurements, SO, measurements, and H,S measurements.
Concentrate delineation of start-up emissions during tail -gas combustor light-off.
Try to understand NOy > O (detectable limits). The number shown may not be real.
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Project #92: Fuel Processing of Diesel Fuel for APUs

Berry, David, NETL
Brief Summary of Project

The Department of Energy's National Energy
Technology Laboratory (NETL) is developing
fuel processing of diesel fuel for auxiliary
power units (APUs) and providing necessary
tools and information to fuel cell/fuel process
developers and system integrators for
performance optimization and system control.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 2.60 for its
relevance to DOE objectives.

Diesel processing isimportant, but lower
importance to H; initiative.

Itis not clear how the model will
ultimately enhance reformer performance.

FUEL CELLS

Overall Project Score: 2.60
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Diesel or heavy hydrocarbon reforming is critical for many commercial and military applications. Thisistruly
important work that most industrial players are likely to shy away from.
Diesel is not adomestic fuel, henceis not part of the President's H, Fuel Initiative.
Thisreviewer considers the development of APUsto be a sideshow that draws resources away from the
socially-important task of developing fuel cell powertrains. Since APU requirements and technology are so
different from those for propulsion, the argument that APUs represent a higher-cost-point opportunity to
introduce fuel cells on the path to propulsion is specious. Nevertheless, the development of APUsis clearly
stated as one of the high level goals of FreedomCAR, so this review will proceed with the assumption that the

work isrelevant to program goals.

Diesel reforming needs to be done at very high efficiencies to apply. ATR will not yield high efficiencies. Total
efficiency of diesel ATR and fuel cell may be less than diesel combustion engine.

Question 2: Approach to performing the research and development

This project was rated 2.80 on its approach.

Models appear empirical in nature. How big of an advance is this? Will models provide realistic information for

complex fuels?

It seems that this project might be a duplication of other work (i.e. ANL work on diesel reforming).
Please compare your model prediction with literature data. Also compare your expected results to the results of

other researchersin thefield.
Good.

This project attempts the laudable goal of devel oping a complete, sophisticated kinetic description of

autothermal reforming of a complete diesel fuel.

Seems to have grown out of last year's optimism that the relevant kinetic parameters could be obtained from

catalyst suppliersfor the asking.

Presentation did not indicate an understanding that reformer design and operation are controlled by the
allowable levels of output hydrocarbons besides methane. Essentially, one must totally convert nonmethane
hydrocarbons (unless SOFC tolerance of higher hydrocarbons is demonstrated). Kinetic expressions based on
datain the experimentally -accessible region of partial conversion may not be relevant getting to 99.96%
conversion. Thisreviewer isafraid that ATR description will haveto stay for along time at the level of
demonstrated maximum space velocity at which agiven very high conversion can be achieved. The
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investigators have taken the reasonable intermediate step of generating an empirical power-law rate expression,
but that expression seems highly counterintuitive.

Approach analyzes individual componentsin diesel with over 100 components and by analyzing 3 components
per year, thiswill be a slow program. How will program address mixing of compounds?

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.60 based on accomplishments.

Okay progress, but empirical nature of effort will limit value to complex fuel prediction.

Scatter in data points to potential uncertainty in model predictability.

Excellent fit between real data and model projection, indicating the level of sophistication of model.

Good methodology.

Need to study axial variation in temperature.

The power law model generated looks strangein that it is negative first order in water, the speciesthat provides
most of the hydrogen in the products. The proferred explanation that thisis due to site blocking by adsorbed
water ignores the very weak bonding of water to Pt, Rh, and Ni surfaces-- the residence time of water on the
surface at reforming temperatures would be very short. This data was obtained in asmall reactor. Eveninlarge
reactors, it isdifficult to obtain atenperature reading representative of the state of the reactor (because the front
of an ATR is much hotter than the back). Thisreviewer wonders if water appears to the -1 power in the rate
expression because addition of more water cooled a critical section of the reactor. It ishard to accurately
decouple temperature and gas mol e fraction effectsin a highly nonisothermal system.

Thework on effects of fuel componentsisagood start but only if they progress quickly to binary mixtures.
There are synergistic effects between different classes of fuelsthat end up damping out many of the distinctions
seen between different discrete components.

Project appears to be setting up procedures for analyses. Next year will be more important for this question.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 2.60 for technology transfer and collaboration.

There appears to be some collaboration with other DOE labs and transfers through information
dissemination...but there is not direct work with industry.

Switch to real dirty diesel ASAP!

Need more industry collaboration.

Seem to be in touch with the magjor playersin the APU game. Thisreviewer cannot really judge the extent and
quality of thoseinteractions.

Giving papersis not really tech transfer. Researchers should go out and meet with industry representatives.

Question 5: Approach to and relevance of proposed future resear ch

This project was rated 2.40 for proposed future work.

Itis not clear what the final goal is- there are no off -ramps - and what decides "final model ?"

Can this study be extended to more fundamental studies?

Work in close collaboration with a catalyst development company.

It will probably be necessary to back away from attempts to generate a detailed mol ecul ar-step kinetic model
for aprocess as complicated as ATR of diesel.

Not specific enough. Need to set targets and goals.

What other fuel compounds will be evaluated?

Strengths and weaknesses

Strengths
Understanding the reforming process is important - the team has good expertise.
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A well thought out research project with solid results.
Starting to devel op some sophistication on reforming despite the handicap of starting with adifficult fuel.

eaknesses
Models are primarily empirical in nature and so may not provide the best information for complex systems.
Should NETL be asked to work with industrial organizations (which has stronger fuel processor hardware
development) for diesel fuel processor fabricationsand eval uation?
It is not clear that the experimental power law expression has been passed through a reasonableness filter.
Program needs future focus and needs to work closely with industry.
Program should predict maximum efficiency or diesel fuel processing and assessits value.

Specific recommendations and additions or _deletionsto the work scope

Need to decide if datafrom simple fuelsreally provides predictive capability for complex fuels. Try some
combinatorial mixtures and ook at the results. If the scatter isbad, then need to reconsider the project.
What about adding Universities?

Include logistic fuels such as JP-8 and others.

Good work.

Program should team with diesel fuel processing company and be the analytical arm of the organization.
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FUEL CELLS

Project #94: Fiber-Optic Temperature Sensor for PEM Fuel Cells Monitoring

Mclntyre, Timothy, ORNL
Brief Summary of Project

ORNL is developing a low-cost, fiber optic
temperature-sensing probe that could provide
intra-cell thermal information for thermal
mapping and location of hot spots. Part of this
project will involve the development of a low-
cost architecture for integrating the fiber optic
temperature sensor into the fuel cell control
electronics — a plug-and-play modular design.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.00 for its
relevance to DOE objectives.

Accurate reliable instrumentation is
essential for proper fuel cell diagnosis and
operation.

Overall Project Score: 2.95 YU el Eals
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This project aligns closely with overall EERE prograns R, D, & D plan.

Accurate and in-situ temperature monitoring is critical for MEA and cell development. Conventional
temperature sensors detect temperatures of the coolant and/or the bipolar plate. Thistechnology could detect
temperature of MEA itself and locations of hot spots.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Market barriers are system miniaturization, low BOP, and very low cost.
The approach seemstechnically feasible and versatile if other sensing applications can be demonstrated.
Endurance testing in a PEMFC environment is needed to determine if candidate probe materials are stable in the

strong acidic environment of a PEMFC.

Thistemperature sensor technology is expected for the development tool rather than products application. This
tool should be critical for robust fuel cell stack technology.
We are trying to get rid of acomplex sensing system. For thistemperature sensing system, we won't try to use

in the products of the fuel cell system.

For development tool, thermal mapping, accuracy, direct MEA temperature detection is necessary, however,
low cost may not be necessary. High cost laser diode could be used if it increases the performance.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Progress on technical issues |ooks good.

It would be more beneficial if sensing could provide concrete data regarding thermal gradients across the MEA.
Thisisanew project with only afew months of research. It'stoo early to state the rate of progress.
Fundamental data supports this sensing system for the development tool.
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Question 4: Technology transfer/collaborations with industry, uniwersities and other laboratories

This project was rated 3.25 for technology transfer and collaboration.

| believe thereisagroup at Penn State that isworking hard on temperature sensing- collaboration there would
be very helpful.

Industrial collaboration that would provide a path for miniaturization (all on achip?) aswell as
commercialization is needed.

Closer collaboration with fuel cell developerswill be needed.

Good communications with FreedomCAR industry group.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.50 for proposed future work.

Need to get input from end users more proactively, rather than waiting for their input. Need to decide if
temperature monitoring is something absolutely critical in each product or if it is best suited for stack
development and basic understanding of MEA performance.

The decision points are not defined clearly in the project schedule.

The project plan does not include validation by fuel cell developers.

Good to work with the vehicular fuel cell developers for prototype design and technology demonstration.

Strengths and weaknesses

Strengths

- Robust, inexpensive, non-amperometric sensors for temperature, CO, H,, and MeOH fuel concentration (e.g.
DMFCs) are needed for abroad range of FC based power systems.
Sound technical approach.
This project team is experienced on optical temperature sensors but is not experienced in fuel cell testing.
Thisisaunique technology to detect MEA temperature and for its thermal mapping. Thistechnology should be
critical for robust MEA and fuel cell stack development.

Weaknesses
Needs more industry interaction, however project just started.
Technology has immediate impact on R & D of stack to evaluate thermal and water management.
More collaboration with fuel cell devel opersis recommended.

Specific recommendations and additions or deletionsto the work scope

The operating range should be extended up to 1000°C for SOFC APU.

The objectives of this project should be focused on the developmental tool. Theidea of product system
application would be unlikely.

OEMstry to develop robust fuel cell systemswith less sensitivity to operating conditions. OEMs are trying to
get rid of complex sensing systems from the products.

In this project, lower cost should be the focus.

Low cost LED is not necessary. High cost device could be used if the required sensing performance as a
development tool would be provided.

This project ishigh priority.
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Project #95: Selective Catalytic Oxidation of Hydrogen Sulfide

Armstrong, Tim, ORNL
Brief Summary of Project

In this project, ORNL is developing direct
sulfur removal technology (gaseous sulfur to
solid sulfur) with parts per billion separation
efficiency.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.00 for its
relevance to DOE objectives.

Fits domestic fuels well- coal and natural
gas.

Theremoval of Sisacritical barrier to
hydrocarbon fuel processing.

Sulfur control is critical for all DOE
hydrogen programs.

FUEL CELLS

Overall Project Score: 2.87
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Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Good summary of H,S removal methods.

The approachisinnovative and it is based on solid science.

Processis similar to commercial designs.

Oxidation of S™to S° is an excellent approach.

Understanding the influences of CO and other contaminantsis important.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

New project.

Need comparison between experimental data and equilibrium calculations.
The project seems to be on track; however, no significant results have been achieved yet.
Project isjust getting underway and is not possible to rate "progress.” Poster was well done and this mark is

based on that.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.67 for technology transfer and collaboration.

Only one collaboration has been identified (NETL), others are under development (SGL, ChevronTexaco,

CNP).
Vendor relationships arein place.
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Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Continuous process should be devel oped early to identify possible barriers and to facilitate field tests.
The direction of this activity isfocused well.

Strengths and weaknesses

Strengths
Highly relevant topic.
Well planned research.

W eaknesses
Lacks outside collaboration.

Specific recommendations and additions or_deletionsto the work scope

Accelerate development of a continuous desulfurization process.
Have potential customers test the process, and then publish in refereed journals.
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FUEL CELLS

Project #96: SOFC Auxiliary Power Unitsfor Long-Haul Trucks: Modeling and Control
Khaleel, Mo, PNNL

Brief Summary of Project

Overall Project Score: 2.48 YU el Eals
PNNL is working to develop a dynamic model oo E
of APU systems including SOFC, diesel POX Minimum
reformer, power conversion electronic and 40 —_ —_ —_

electrica hotd loads. They will design a
system controller to minimize diesel fuel
consumption while satisfying electrical load 3.0 o}
requirements, investigate different system
configurations and their impact on overal
efficiency, determine the response of the APU 2.0
system to the vibration environment of a Class
VIl truck, develop a model to determine
stresses to a planar SOFC stack in an APU, L0 T
and finally define vibrational limits for SOFC
materials.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed

Question 1: Relevanceto overall DOE | Progress Collaborations Future Research
obj ectives

This project earned ascore of 2.75 for its relevance to DOE objectives.

Valuable program to provide reliable SOFCs for transport. In particular, this project could help guide sealing
research. Performance predictions are also important.

Could be an interesting, early SOFC application.

The emission aspects are probably more significant than energy usage attributes.

While modeling of components and systems is important, the direct link between specific needs and identified
problems is necessary to make modeling most effective.

Very weak rationale for this work was provided.

Question 2: Approach to performing the research and development

This project was rated 2.75 on its approach.

Program addressing lots of issues.

Reliability important and can make important contribution, though it is not clear that performance modeling is
unique compared to other work.

Need to show connectionsto SECA.

Combination of vibrational, thermal (partial in situ reforming in stack) and dynamic load stress should be
addressed in future once the model is finalized within the present scope. Experimental validation would be
"nice".

Good review of user requirements.

Tough problem of getting diesel reformer into the small volume budget.

While structural intensity of SOFCsisimportant, adequate understanding of the issuesinvolved is necessary to
be of value to understanding system issues.

Several vibration damping devices are avail able and should be included in eval uation.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

Project started in December. Good progress considering start time.
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Hard to judge from poster.
Somewhat difficult to evaluate. Requires successful components from vendors.

Limited modeling has been achieved with respect to applying actual conditions of operation that would be
relevant to this type of modeling.

Question 4: Technology transfer/collaborations with industry, universities and other |laboratories

This project was rated 2.00 for technology transfer and collaboration.

Need to show connection with SECA.
Have identified sources of valuable input in terms of technical aspects and application concerns, but no input.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.25 for proposed future work.

Early in project. No off-ramps set, but should be able to decide tentative project length-- 2 years?

Hard to judge from poster.

Not much progress has been made in relating the need for this model and the model that has been devel oped.
Should industry be more involved -- after all, it istheir product that will have to survive the market application?
If industry needs this model, itsinvolvement is not adequate.

Strengths and weaknesses

Strengths

Predictive capability for reliability very valuable...mechanical strain important to understand, especially for
sealing.
Project is addressing an important issue that is often neglected.

Weaknesses
No real weakness, although performance modeling may not be unique.

Specific recommendations and additions or_deletions to the work scope

Emphasize efforts on reliability and insure strong integration with SECA program.
Experimental validation (which will be costly) is desirable.
If industry has not expressed a need for this model, should this project continue?
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Project #99: Diesel Reforming
Kopasz, John, ANL

Brief Summary of Project

Overall Project Score: 2.33 YU el Eals
ANL is using computation fluid dynamics “f\ﬁg,‘?g“em{
modeling to study mixing of reactants and Minimum
guide improvements in a liquid injector 40 - _ -
system. ANL is also testing model compounds
of different types of hydrocarbon species
found in diesel fuel under autothermal 3.0 o}
reforming conditions in an engineering-scale
reactor.

2.0

Question 1: Relevance to overall DOE
objectives

1.0 o

This project earned a score of 2.67 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed

Diesel is not part of the Hz Fuel Initiative. | Progress Collaborations Future Research
Thisisahighly relevant project. Diesel
fuel isreadily available and inexpensive. Diesel fuel reforming is critical to the development of fuel cellsfor
transportation.

This project is supposed to support PEM or SOFC APUs and schemes to reduce diesel NO, (reformate to the
engine) or reformate as the selective catalytic reducing agent.

APU work diverts resources that should be used for a direct attempt to apply fuel cellsto vehicular propulsion.
But APUs have been stated as a high-level deliverable by DOE management, so thisreview will proceed on the
assumption that APU work is somewhat relevant.

POx for pistons work has been carried out by various OEMs at various times and does not look promising, in
part because of the derating of an engine using a gaseous, rather than liquid, fuel. Reformate for SCR may
possibly be more promising, but it is getting pretty far afield from the FreedomCAR fuel cell and hydrogen
mission.

The project contributes to an educated Go/No-go decision on fuel processing through its design and
characterization of liquid fuel injectors.

Question 2: Approach to performing the research and development

This project was rated 2.67 on its approach.

Need additional leverage of ATR work in industry.

The approach has not been presented properly. Three general areas are mentioned (CFD modeling, reaction
engineering, reforming chemistry) without further indication of what isintended to do on each of those areas).
Theliquid injector work appears to be well thought out -- the proof of the pudding will be when the injector
becomes acritical component of the ANL-led fast-start fuel processor.

Mixing issues are critical to any reforming -- the laser doppler imaging could be critical to any ongoing attempts
at processing of liquid fuels to hydrogen.

The catalytic work seems to continue a couple of defects that have been pointed out in the past in reviews of
ANL reforming projects: first, looking at different fuels under constant O/C ratios and steam/C ratios.
Different fuels have different heating values. Fuel processor control strategies have to deal with thisvariation
in fuel heat content. The most practical approach for afull-size ATR (that operates nearly adiabatically) isto
control O/C to generate a constant reformer outlet temperature. This also gives control of gas composition --
partial oxidation goesto completion, then the steam reforming and WGS processes go virtually to equilibrium,
giving agas of defined composition if outlet temperature is maintained. For small-tube reactors the greater
proportional heat |osses cannot be accurately compensated for even by a surrounding furnace -- the better
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control in this caseisto calculate the O/C ratios needed to produce the same cal cul ated equilibrium adiabatic
outlet temperature for each of the fuels, then compare results at these different O/C ratios, using the furnace to
get as close to the cal culated adiabatic outlet temperature as possible. To do this accurately, it will probably be
necessary to preheat the steam and air to atemperature higher than 200°C, as one would also do in any practical
integrated fuel processor. Temperatureis by far the most important parameter in reforming of any type; unless
the reactor is controlled to maintain at least the outlet temperature fixed, other variables will give false apparent
results by coupling indirectly through temperature. Y es, conversion efficiency will vary abit with fuel type.
The more important point is whether variations in fuel composition will greatly affect the maximum space
velocity that can be maintained without getting measurable non-methane hydrocarbon slippage at a constant
reformer outlet temperature. By the time that the % H, is measurably affected by any process variable, so much
hydrocarbon has slipped that the stack is dead. A second problem isthat for fuel effects one must get beyond
single components to at least binary mixtures. Synergistic effects between different classes of fuels can greatly
damp out the apparent big differences seen in single-component work (particularly when outlet temperature is
not maintained).

Tech transfer seems to have been weakly stated. Major contribution may beinjector for ANL-led fast-start fuel
processor.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.00 based on accomplishments.

The conclusions listed do not present new insightsinto diesel reforming.

Question 4: Technology transfer/collabor ations with industry, univer sities and other laboratories

This project was rated 2.33 for technology transfer and collaboration.
There seems to be no outside collaboration at thistime.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.00 for proposed future work.

Future plans are vaguely described.
Plans for durability studies need to be fleshed out more for decent review --- valid durability work is hard, even
beforeit is coupled to fuels effects.

Other plans are perhaps reasonable but not particularly well-specified or compelling.

Strengths and weaknesses

Strengths
Thetopicishighly relevant to both transportation and stationary applications.
Coupled calculational and experimental approach to injector design.

Weaknesses
Thework plan needs to be revised. Specific tasks should be described with more detail.
Questionable focus (three different possible applications, none of which are for propulsion fuel cells).
Improper testing methodology for comparing different fuels, testing of individual components without checking
for synergisms between components.

Specific recommendations and additions or_deletionsto the work scope

Indicate type of reactor modeled.

Show how the injector works.

Indicate on what catalyst the reforming chemistry is being studied.
Publish in refereed journals.
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FUEL CELLS

Project #100: Fast Start Reformer Components
Inbody, Michael; McMillan, April and Whyatt, Greg, LANL, ORNL, and PNNL

Brief Summary of Project

Overall Project Score: 2.60 YU el Eals
In this project, PNNL is building an assembly oo E
designed to fit between the outlet of the ATR Minimum
and the entrance to the WGS reactor that will 40 —_ —_ —_ —_

fit the FASTER (Feasibility of Acceptable
Start Time Experimental Reactor) geometry.
The assembly contains two main components 3.0 . o}
— the first is a recuperator in which heat is
extracted from the ATR reformate to preheat
the air and stream feed to the ATR alowing 20
for energy efficient operation. The second
component is a microchannel mixer which will
mix air with the reformate and allow oxidation 10 T
of reformate to occur on the WGS catalyst,
alowing the catalyst to be brought to
temperature rapidly. ORNL is providing . : . :
lightweight ~ annular graphite foam heat Relevance A ™ Lobomions  Fure besearch
exchangers to the FASTER Project while
LANL is providing a multistage PrOx reactor for CO removal.

Question 1: Relevance to overall DOE objectives

This project earned a score of 3.00for its relevance to DOE objectives.

On-board reforming is critical until 1) hydrogen storage is solved from a customer perspective, or 2) on-board
reforming isrealized.

Question 2: Approach to performing the research and development
This project was rated 2.50 on its approach.

Project aims at quick startup using a proprietary Engelhard catalyst.
Four |abs are working on one device -- overburden on management -- need to focus on research.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.50 based on accomplishments.
Validation of quick start-up was demonstrated on the LANL reformer.
Three separate devices shown: 1) Recip HEX, PNNL, Good, 2) Carbon HEX, ORNL, Good, 3) PROX, LANL,
Poor -- no advances seen.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.50 for technology transfer and collaboration.

Interaction and leverage from Engelhard work on catalystsisaplus.

Question 5: Approach to and relevance of proposed future research
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This project was rated 2.50 for proposed future work.
Thisfacility could be important in validating other promising approaches to quick start-up.

Strengths and weaknesses

Strengths
Important validation of usefulness of Engelhard catalyst for quick reformer start-up.

Weaknesses
Technology isinteresting, how comp onents work in the system is unclear.
Project not well defined, no barriers or cost shown.

Specific recommendations and additions or_deletions to the work scope

| would like to see a consolidated effort at one lab. Too diffuse to be successful.
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Project #101: Fuel Cell Systems Analysis
Ahluwalia, Rajesh, ANL

Brief Summary of Project

Argonne National Laboratory is developing
fuel cell systems analysis tools. Argonne will
identify key design parameters and operating
efficiencies, as well as assess design-point,
part-load, and dynamic performance of
automotive fuel cell systems.

Question 1: Relevanceto overall DOE
objectives

This project earned a score of 3.60 for its
relevance to DOE objectives.

Important tools to support development of
R& D goals and research directions.
Establishes metrics for gauging progress
of R&D plans. Provides support to other,
e.g. cost analysis, areas.

FUEL CELLS

Overall Project Score: 3.30

4.0

3.0

2.0

1.0

Relevance

Approach Tech Accomplishments ~ Tech Transfer/

| Progress

Collaborations

=Y ]l Edls

Maximum
Average E
Minimum

Proposed
Future Research

This program continues to provide information in the public domain that is critical to the targeting of other DOE
fuel cell programs. Even if the OEMs were to become more open about fuel cell systems calculations, there
probably would be a perceived need for such independent, publicly-funded analysis.

Good work.

This project is critical to set FreedomCAR fuel cell direction and targets of the fuel cell sub-system and

components.

Project is very relevant since FC system architectures are still evolving. Therefore, advanced design/analysis

tools are essential.

Question 2: Approach to performing the research and development

This project was rated 3.50 on its approach.

Analysisfocuses on key target areas.

Needs more evidence of integration with research teams and validation of models with data. Have insights from
analysis been incorporated into developer plans?
Good responsiveness to changing program needs.

I like the project milestone focus on setting targets, including H, storage targets and CEMM targets.

Dynamic modeling is highly demanded.

Good approach to minimize utilizing "look-up tables".

Hydrogen system should be focused.

The approach is both thorough and comprehensive and the model s continue to extend the range of system

components supported.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.25 based on accomplishments.

Analyses of scenarios completed.

Unlike development programs, modeling does not have benchmarks other than validation by data.
CEM target proposals provided a reasonabl e starting point for new targets. Thermal analysis puts the CEM

work into context.
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The CEM targets analysis was needed to direct CEM work.

Good dynamic simulation.

Radiator sizing study isvery valuable for optimizing in-vehicle FC system architecture. Needs to extend
thermal management to include hydrogen storage — particularly during rapid refueling and high power
operation, e.g. high hydrogen flow rates in/out of metal hydride storage.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.50 for technology transfer and collaboration.

ANL modeling works with industry but thisinteraction is not evident in the presentation. Try to get input from
system integrators rather than component developers like Nuvera.

Work appearsto be useful to anumber of lab projects and to some of the industrial contractors. It also appears
to beincorporated in a number of wider-ranging studies.

Provides technical input to the NREL vehicle systems study.

Seems to be quite a bit of industrial collaboration.

ANL should keep in mind that a Go/No-go decision point on fuel reforming looms ahead in the program, and
the amount of work in this area could substantially change.

Good communications with FreedomCAR fuel cell and vehicle teams to incorporate vehicle level requirements
for fuel cell system.

Very appropriate relationships already established.

Question 5: Approach to and relevance of proposed future resear ch

This project was rated 2.67 for proposed future work.

Future research and development was not discussed.

Didn't see much on future plansin talk (or at least in the printed presentation material).

Thisisthe one areathat was weak in the presentation.

Future work really was not discussed other than the analysis of Nuvera data by July 2003 and evaluation of FC
systems for combined heat and power. Neither of these deliverables/milestones were discussed as part of the
presentation.

Need to plan verification with subsystem and components data by FreedomCAR contractors.

Proposed future work has good diversity. In the long-term, they may need to model the effects of impurities and
contaminantsin fuel and coolant media on reliability and durability.

Strengths and weaknesses

Str

engths
ANL isto be commended for their collaborative work with several FreedomCARtech teamsto assist in
defining battery requirements for start-up requirements for hybrid vehicles.
Compared to the NREL fuel cell modeling work, this presentation has much more quantitative results. This
should be the preferred style.
Excellent modeling capabilities coupled with understanding of underlying technical drivers.
Competent analysis, supporting DOE program on an ad hoc basis.
This modeling is good for dynamic behaviors and those are critical for automotive application.
Overall, asignificant contribution to the achievement of the DOE and FreedomCAR goals.

W eaknesses

It'snot clear to me that ANL and NREL ever talk to each other on what they are doing on fuel cell modeling.
They should be encouraged to have more interactions; it would strengthen both programs.

Challenges of getting data from developersto calibrate and validate models.

Not clear that there is a coherent vision for the future of their work.
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Specific recommendations and additions or _deletionsto the work scope

It is assumed that the team will focus more on hydrogen storage options and benefits/issues of high temperature
membranes on system efficiency and performance and BOP.

Keep communication with FreedomCAR tech teamsto align with the requirements of the real world vehicles.
This project is expected to propose the subsystem and components level targets for the fuel cell system to meet
the vehicle level requirement.

This project ishigh priority.

Seek OEM validation of the model’ s hydrogen storage targets and fuel economies — results appear optimistic if
based on current state-of-the-art.
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FUEL CELLS

Project #102: Fuel Cell Vehicle Systems Analysis
Markel, Tony, NREL

Brief Summary of Project

Overall Project Score: 3.17 YU oyl Eals
National Renewable Energy Laboratory is “ﬁs;jgﬂguemi
developing fuel cell vehicle systems analysis Minimum
capabilities, which will validate models and 40 _— —_ —_ —_

simulation programs to predict fuel economy
and emissions. NREL will provide DOE and
industry with modeling tools and early design 3.0 ] o} ;
insight in addition to quantifying benefits and
impacts of DOE fuel cell technology
development efforts at the vehicle level. 2.0

Question 1: Relevance to overall DOE
objectives 10 E

This project earned a score of 3.60 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Provides tools to developers and DOE to
assess overall system performance and viability of program targets/goals.

In principle, a much needed systems model for projecting tradeoffs needed to realize DOE goals.

Provides public-domain analyses, referenced to automotive driving cycles, that are critical to proper DOE
program guidance.

Some of the detailed design work on individual components with individual industrial customers may not be
fully in the spirit of the role of the National Labs.

Certainly it isimportant to understand the vehicle-level implications of the component R & D that
FreedomCAR isfocused on.

This project providesthe “bridge” between FreedomCAR subsystem targets and overall vehicle attributes.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Project addresses key system issues.

A lot of words and activity in the project write-up but the approach and central accomplishments of what has
been achieved are not clear from the detail provided.

Overall approach isvery good, with several small points where the relevance to real automotive conditions
could be improved.

The fuel processor startup calculations are still abit too close to "cycle beating”; i.e. determination of the
absolute minimum performance that would meet the requirements of a given driving cycle.

A critical factor which does not seem to enter into these analyses is how much power would actually be
demanded how soon after the startup by, say, the most severe 2% of the driving population. Something like this
would fix the actual maximum power required during startup.

The present cal culations show that the actual total stored energy needed for a plausible startup is not that large
and thus seems to require arelatively small battery in terms of energy (kWh). But the size of a battery for an
electric-electric hybrid is set not by the energy consumed during start-up, but rather by the maximum power that
could be called for during that time, which generally resultsin asignificantly larger battery.

I would like to see much greater involvement of the OBM members on the fuel cell tech team and the systems
engineering and analysis tech team in thiswork. On the positive side, some of thisis beginning to happen, and |
hope next year to rate this category a*“good".

The approach is based on well-proven vehicle modeling algorithms and CAE tools, and has already shown its
high value as avehicle systems analysis tool.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.25 based on accomplishments.

What uniquely has been learned about how to improve fuel cell systems performance for auto applicationsis
not clear.

Tools have been developed but usefulness of the tools is questionable based on detail provided. Maybe this
project needs to better communicate the message.

Progress is being made on the broad analytical tools that provide guidance for public policy decisions.
However, much of the progress that was presented was in what appeared to be small, tightly focussed design
optimization projectswith individual fuel cell developers- it isnot clear to thisreviewer that this detailed
design work isreally appropriate for anational |ab.

The component target repository and technical targets tool that cal cul ates the system impacts of a particular
component target should prove broadly useful to the entire developing fuel cell industry, aswell as within the
DOE program planning context.

The water balance work gives proper attention to a major issue that often getsignored.

A lot of the presentation focused on the technical targets tool (T3) development.

There are alot of assumptions behind this T3 work, which were not covered. Are the assumptions correct?
How sensitive are the results to the assumptions? This part of the work should be reviewed by the
FreedomCAR Systems Engineering and Analysistech team. Hasit been? Which team isresponsible for
guiding thiswork, fuel cell or Systems Engineering? If the fuel cell tech team blesses the technical targets tool
work, does DOE assume that the Systems Engineering and Analysis tech team is satisfied as well?

The accomplishments presented showed excellent diversity of applications and very valuable progress madein
improving the capability of the Advisor model.

Question 4: Technology transfer/collaborations with industry, universities and other labor atories

This project was rated 3.00 for technology transfer and collaboration.

They are working with several devel oper teams but did not get a good sense of the extent. Collaborative effort
appears on narrowly defined issues, similar collaboration on broader system performance metrics.

Interacting with Ballard and Nuverais a good start but more needs to be done.

NREL interactions with ANL have been useful and should be further strengthened. NREL design work has
clearly tied in anumber of industrial partners closely, though it is unclear to this reviewer that detailed design-
specific work of thistypeis appropriate from a national laboratory (though at least some of this has been openly
published). NREL has aggressively pursued programstied to individual customers.

A somewhat more fundamental and broadly -based set of projects would seem more appropriate.

I’m not sure that VulcanWorks/Nuverais the best choice for designing and optimizing fuel cell vehicle
packaging solutions. Why is this not something done with the OEM s through the Systems Engineering &
Analysis tech team?

Numerous collaborative projects reported, but packaging studies need to address the effects of weight
distribution (front-to-rear) on fuel economy, i.e. single axle regenerative braking utilization.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Future workplan is clear and details how this modeling tool could result in understanding fuel cell performance
under simulated driving conditions.

Startup energy calculations should be extended to the fuel cell itself and to real and hypothetical hydrogen
storage systems.

Hybrid work should pay adequate attention toreal power requirements and real operating temperatures, should
be very tightly coordinated with the quasi-experimental hybrid work being done at ANL (real battery, model
fuel cell).
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"Robust design process transferred to industry to address fuel cell stack cost and durahility technical barriers'
needs further definition and to be kept within the somewhat fundamental realm appropriate to anational |ab.

| don't understand the plan to transfer the robust design process to industry to address fuel cell stack cost and
durability technical barriers. Does NREL have expertise in thisarea? This project’s focus doesn’t seem to
cover that area, and it isn't clear how the model could be used. Who are the industry collaborative partners?
Do they have expertise in this area? Plan to validate fuel cell models with industry partners by 2004—who will
this be done with, the OEMs or the fuel cell people like Ballard, Plug Power, and Nuvera??

Explore trade-offs (weight, size and cost vsfuel efficiency & performance) for different hybrid powertrain
architectures.

Validate subsystem weights with OEMs and suppliersto confirm FCV GVW estimates that appear optimistic
based on current state-of-the-art.

Strengths and weaknesses

Strengths
Excellent modeling skills.
Work plan for futureis clear and describes areas where this technique may be useful.
Global systems cal culations of wide applicability.
Strength in propagating models of fuel cell vehiclesthrough established drive cycles.

Weaknesses
Breadth and range of topics considered.
Detailed MEA design/analysis tools and manufacturing analysis have to be closely coupled to developersto be
of value.
Uniqueness of approach or of insights gained not clear. If something useful has been realized, it has to be better
communicated.
Contract-house-like design work on small component issues should be done on a competitive basis, not by a
national |aboratory.
Weakness lies in not always recognizing the system requirements that go beyond the mere drive cycles (e.g.
high power soon after startup.
Maintain priority of effort at the vehicle systems level rather than subsystem components, e.g. end plates.

Specific recommendations and additions or_deletionsto the work scope

If manufacturing and design modeling efforts not closely coupled to devel oper teams for validation, shift these
resources to "higher" level issues.

Work as anational lab, not a contract engineering house. In hybrid calculations, run them through at -20°C as
well as at room temperature -- batteries generally suffer alot at low temperatures, even those that constitute a
fair proportion of total driving timein populous sections of the US.

This project should also be reviewed by the Systems Engineering and Analysis FreedomCAR technical team.
NREL and ANL are to be commended for improving communications across the FreedomCAR tech teams and
assisting in the cross-tech team project to scope out battery requirements for start-up in hybrids.

In general, next year | would like to see more results presented at the expense of slides showing pictures of the
input screensto Advisor.

Extend model to include thermal management of high speed refueling (< 5 min.) of the different hydrogen
storage systems, e.g. compressed 10 kpsi compressed gas, metal hydrides, and alanates.
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FUEL CELLS

Project #103: Cost Analyses of Fuel Cell Stacks/Systems
Carlson, Eric, TIAX

Brief Summary of Project

Overall Project Score: 3.30 YU el Eals
TIAX is developing an mdepc_andent_ cost “f\gg;g"guemE
estimate for PEMFC systems including a Minimum
sensitivity analysis of operating parameters, 40 _ —_ —_ _
materials of construction, and manufacturing
processes. TIAX will identify opportunities
for system cost reduction  through 3.0 | Q

breakthroughs in component and
manufacturing technology and will provide
annual updates to the cost estimate for the 2.0
duration of the project.

Question 1: Relevanceto overall DOE 10 m
objectives

This project earned a score of 3.50 for its . : . :
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

Outstanding project.

The cost estimates are critical to setting HFCIT objectives and priorities.

Public cost estimates very necessary to guide R & D.

Program goals clearly in line with DOE. Plan objectives as costs are bottomtline critical.

Over the course of 5 years, emphasis has been shifted from on-board reforming to on-board hydrogen storage,
hence changing emphasis. Activity-based costs being made public and shared - that is useful.

Question 2: Approach to performing the research and development

This project was rated 3.25 on its approach.

Good project.

Not clear at this point what a complete fuel cell system will ook like and the cost estimates have to assume a
particular design. Sensitivity analysiswas awise choice.

Excellent methodical approach. Good consultation with others but should do more statistical analyses so that
specific assumptions less influential.

Systematic and methodical; but lacks critical analysis and push-back to challenge assumptions and inputs.
Activity-based costing misses the synergistic, holistic views, which are necessary for overall system costs
(trade-offs not thorough enough).

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.25 based on accomplishments.

Outstanding.

Successfully produced cost estimate and sensitivity analysis.

Address barrier of limited publicly available cost information.

Results are not earth-shattering but realistic (almost common sense).

Sensitivity analyses were more statistically-based versus technol ogy-based.

Underlying cost estimates by 'suppliers were not challenged.

Insights gained were not spectacul ar - insights were obtained linearly not multivariable and interdependent.
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Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 3.50 for technology transfer and collaboration.

Outstanding.

Good collaboration with othersin place.

DOE needs to continue to integrate all analysis activities for consistent assumptions.

Clearly, broad sweeps with many company inputs.

Vauein guiding DOE program is not major. Ultimate focus on Pt loading as major variable is epected (so is
ohmic resistance and costs).

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

This project appears to be winding down at atime when a continuing and growing need exsts for cost estimates
in the program. Suggest consideration of project continuation indefinitely as long as need for cost estimates
exist in program.

End of this specific study seems clear. Many more similar cost studies needed, i.e. hydrogen storage, energy
storage for fuel cell vehicles, & H, production/distribution.

Program iswinding down so future research is limited.

No linkagesto real programs.

Strengths and weaknesses

Str

engths

Highly relevant to HFCIT program.

Very competent and skilled PI.

Critical information to program planning. Overall outstanding work.
Well organized and executed.

Systematic, methodical and pedestrian.

W eaknesses

Lack of information about uncertainties.

Technology revolutions make results from model s such as this obsolete (eds. note we hope!).

A changein catalyst or catalyst utilization would greatly change the outcome of the model. Keep the
limitations of this kind of model in mind.

Arethe modelsintegrated, parametric, and linked? (i.e. Are analyses easy to automate or is this very manual ?)
Costs must incorporate holistic system views, and show synergistic, interdependency, multi-variable
correlations.

Specific recommendations and additions or_deletionsto the work scope

I would like to see the addition of uncertainty and sensitivity analysisin the presentation of final results. For
example, to what probability isan 0.2 mg cm? Pt loading optimal ?

In as much asthe cost curves arerelatively flat at higher loadings, could not DOE targets be given as a range of
values rather than single numbers? More generally, can a probabilistic approach be devel oped?

Consider automation if not already in place - leads to optimization.

Consider applying methodology to other areas.

Program should be terminated because of limited utility.
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FUEL CELLS

Project #104: Precious Metal Availability & Cost Analysisfor PEMFC Commer cialization

Carlson, Eric, TIAX
Brief Summary of Project

TIAX is conducting an assessment of the
precious metal availability and a cost analysis
for PEMFC commercialization. TIAX will
assess current and projected demand for Pt
group metals (PGM), estimate the
relationships between supply capacity/reserves
and long-term growth in demand, develop an
econometric model to simulate the impact of a
FC market on PGM supply and pricing,
perform a sensitivity analysis, and develop a
cost impact projection for the recycling of
PGMs.

Question 1: Relevanceto overall DOE
objectives

This project earned a score of 3.33 for its
relevance to DOE objectives.

Overall Project Score: 2.93 YU el Eals

4.0

3.0

2.0

1.0

Relevance

Maximum
Average E
Minimum

Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

With today's technologies, realization of President's hydrogen vision depends on the price and availability of

platinum group metals.
Excellent information.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Good interactions with platinum companies.

The forecast of 30 grams of platinum per vehicle seems extremely optimistic. If it doesn’t go down that far, how
does that affect your forecast of price changes?

Approach clear and well organized.

Visit to South Africawas important and may provide only new information on Pt resources.

Presentation, however, was disappointing. Most of the information was available on the web from USGS and
JM Pt 2001 paper in Pt Metals Review.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

Need feedback from OEMs on how a 30% increase in the price of platinum would affect their ability to sell
without raising prices to the point that consumers are no longer interested.

Did not address geopolitical problem of exclusive reliance of atechnology on asingle natural resource. Would
like to see more interviews in auto industry executives on thisissue.

Question 4: Technology transfer/collabor ations with industry, univer sities and other labor atories

This project was rated 3.00 for technology transfer and collaboration.

Good coordination with platinum companies.
Coordination with car companies seems to be more difficult.
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Necessary collaborations seem to bein place.
Not enough input from other industries on reliance of atechnology on asingle natural resource.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.67 for proposed future work.
Future plans are clear and necessary to validate and improve confidence in study conclusions.

Strengths and weaknesses

Strengths
Study reviews important supply and demand analysis that may have a direct impact on fuel cell introduction.

W eaknesses
None specified.

Specific recommendations and additions or_deletionsto the work scope

None specified.
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FUEL CELLS

Project #105: DFMA Cost Estimate of FC/Reformer System at Low, Medium, & High Production Rates
James, Brian, DTI

Brief Summary of Project

Overall Project Score: 3.00 YU e Eals
Directed Technol ogies  is  preparing Py E
technology -based cost estimates of complete Minimum
fuel cell-reformer systems at low/medium/high 40 _ —_ —_ —_
manufacturing rates to assess the current status
and identify the most pressing cost barriers.

3.0 | o]
Question 1: Relevance to overall DOE
objectives

2.0

This project earned a score of 3.50 for its
relevance to DOE objectives.

1.0 o

Clear statement of technology barriers.
Interesting and relevant analysis of the
direct hydrogen/reformer SyStem costasa Relevance Approach Tech Accomplishments  Tech Transfer/ Proposed
function of production volume. Insightful | Progress Collaborations Future Research
analysis of individual components cost.
A very worthwhile program.
Absolutely necessary to assess the most promising fuel processing technologies and compare to direct hydrogen
approaches on basis of cost as well as technical barriers.

Focus on on-board reforming and direct hydrogen is appropriate. Also focus on current year technology is more
real but may be correlated to realistic expected improvements.

Battery & Traction motor being left out is not appropriate because of interrelated improvements.

Question 2: Approach to performing the research and development

This project was rated 3.13 on its approach.

Approach is reasonabl e to satisfy project objectives.

The method of cost analysis somewhat unclear, thus difficult to evaluate. Source of the datafor the analysis
should be better identified.

Project iswell focused on major fuel cell system options.

Solid, sound conclusions; but interdependence among variables are not accounted for.

System size not mentioned (50 kW ¢?) early intalk. 50 kW fuel cells must be coupled to batteries- therefore
battery costs must be included.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.63 based on accomplishments.

Good job of identifying existing percentage of cost spread between the costs of the reformer and stack.
Sensitivity analysisimpact on cost was good.

There seemsto be quite alot of work to be donein this project.

Good progressin identifying fuel cell system components that are most cost sensitive.

Good assessment of applicability of certain fuel cell technology options such as microchannel technology.
Some assumed operating parameters used in assessment may not be realistic e.g. 0.6 V cell potential, instead of
0.7 V.

Fair, because focusis on stack and reformers and materialsonly.

Simplistic accomplishments and conclusions (from costs views because of lack of coupling to technical reality).
Focus on microchannel is good but technical/engineering analysisis weak.
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Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 2.50 for technology transfer and collaboration.

Could use stronger fuel cell industry collaboration (e.g. Nuvera, UTC FC, PlugPower,etc.)

Little outside interaction, other than reliance on patent resources.

Closer collaborations with technology devel opers would be helpful to better understand operating
parameters/details. Good beginning effort, however.

Partnerships not clarified during talk or paper (minimal information).

Costs must be correlated to system size and weight because these parameters affect fuel efficiency.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.25for proposed future work.

The future PSA work is very important and should be completed as soon as possible. The roadmap to lower cost
should also be of high value to DOE.

Proposed future work iswell defined and should be of value to the fuel cell community.

Needs a more realistic technical underpinningto cost models, especially because of the complexity of reformer
systems.

Strengths and weaknesses

Strengths
Clear approach and presentation of results.
Valuable independent assessment of applicability/cost of fuel cell system options.
Systematic and methodical.

Weaknesses

- The assumed temperature of 1100°C reforming temperature is probably too high. ANL reactor for example
never reached even 900°C. Assumption of high temperature may have led to incorrect conclusions about
applicability of metal reactors.
Closer collaboration with technology devel opers essential in developing an accurate assessment of various
options.
Lack of linkages to technology reality and complexity, especially in reformer area.

Specific recommendations and additions or deletionsto the work scope

Have closer collaboration with TIAX on input assumptions. Being separate and independent is useful, but using
different assumptions clouds the usefulness of the results.

Investment cost required for mass production should be included in the analysis.

Roadmap to lower cost badly needed.

Place technology experts who add more technical input into future projections of manufacturing schemes and
costs.
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FUEL CELLS

Project #106: Water-Gas Shift Catalysis
Choung, Sara Yu, ANL

Brief Summary of Project

Overall Project Score: 2.90 YU el Eals
In this project, Argonne National Laboratory is oo E
developing water-gas shift catalysts that will Minimum
meet the DOE goals of 90% CO conversion. 40 —_ —_ —_ —_

The catalysts targets are 99% gas hourly space
velocity (GHSV), <$1/kilowatt electric (kKWe),
aswell as elimination of the need for careful in 3.0 | o}
situ catalyst activation. In addition, Argonne is
developing water-gas shift catalysts that are
tolerant to temperature excursions and have 2.0
operating lifetimes of >5000 hours.

Question 1: Relevance to overall DOE 10 m
objectives

This project earned a score of 3.00 for its ,
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

Low-temperature WGS catalysts are needed for atmospheric-pressure fuel processors
Enhancing WGS catalytical activity iscritical to realization of the President's hydrogen vision.

Although the project is addressing DOE targets, the results so far indicate poor prospects for significant cost
reductions and demonstrable durability.

Question 2: Approach to performing the research and development

This project was rated 3.25 on its approach.

Good mix of literature search, modeling and experimental data and seems to be a sound approach.

The approach should focus on: catalyst activity (it must be improved); catalyst stability (current catalysts decay
rapidly); cost.

Thetechnical approach should include cost-benefit analysis.

Good diversity of approaches, but still lacks the innovation needed to achieve a breakthrough in challenges.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.50 based on accomplishments.

Work on both precious metal and non-precious metal catalystsis good.

Put equal emphasis on formulation development and wash-coating techniques - important for monoliths.
Good progress towards improved catalyst activity. Further work is needed to improve durability.

All catalyst tests have been relatively short-term (< 60 h.). Longer-term endurance testing and life projection
should be performed.

The cost benefit was not described.

The modest progress achieved has, nonethel ess, provided better understanding of the activity/stability
challenge.

Question 4: Technoloay transfer/collaborations with industry, universities and other |aboratories

This project was rated 3.25 for technology transfer and collaboration.

A commercial contract with Toyotais excellent!
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Good interactions with potential customers; collaboration with catalyst manufacturers would be desirable.
Test results and conclusions from industrial collaborators should be presented.

Very appropriate industry partnerships have been established for the evaluation of catalysts under real-world
conditions.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.50 for proposed future work.

Monolith work should be given priority. Powder and monolith catalysts may show different behavior.
Forward plan addresses key issues

Future work plan does not describe how to retard Pt sintering and how to improve Cu catalyst sulfur tolerance.
Use of SEM/TEM should greatly help with the understanding of the sintering mechanismsin PtCe and Cu.
Also examine different methods of preparing Pt bimetallics since different morphologies could affect
activity/durability.

Strengths and weaknesses

Strengths
Good work combining literature and modeling.
Reasonabl e progress toward better catalyst activity

Weaknesses
Catalyst stability not yet satisfactory.
Comments from industrial collaborators should be reported.

Specific recommendations and additions or_deletionsto the work scope

Be more aggressive in seeking industrial collaboration. Can thistechnology be licensed to Engelhard or another
catalyst company for manufacturing?

The search for alow temperature WGS catalyst that is stable under FC fuel processor conditions has been going
on for several years now. This project should assess the feasibility for such a catalyst to be developed. Arethe
requirements for activity, durability and cost ever to be met?

Should publish in refereed journals.

The contractor needs to report to DOE how much activity of life improvements are required to achieve the
program objectives.

Project needs critical review soon (2004) since progress appears limited when measured against targets.
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Project #107: Catalystsfor Autothermal Reforming

Mawdsl ey, Jennifer, ANL
Brief Summary of Project

Argonne National Laboratory is working on
improving catalytic activity, reducing the cost
of autothermal reforming (ATR) catalysts,
decreasing the size of the fuel processor, and
reducing start-up-time, while developing a
better understanding of reaction mechanisms
in order to optimize cataytic activity,
minimize deactivation, and improve sulfur
tolerance.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 2.90 for its
relevance to DOE objectives.

New catalysts are needed for reforming,

FUEL CELLS

Overall Project Score: 3.00

4.0 —— — —
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Future Research

so this project has high value to reduce costs and increase performance/stability.

How does this work integrate with reforming work presented in the hydrogen session?
If on-board reforming is not economically viable then GHSV target can be relaxed.
Highly relevant topic - autothermal reformer is key to transportation applications.
Supports Fast Start Reformer Project aswell as general ATR catalyst development.
Project supports needed efforts to overcome technical barriers.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Needsto put emphasis on S-tolerance.

Needs science-based choices for new combinations of metals and metal oxides.

Needs further studies on sulfur tolerance.

Needs more tests on reduced temperature in furnace to better simulate actual reactor conditions. Perhaps reduce
focus on GHSV as on-board may not be economically viable

Well-planned work, should include kinetic model for cataly st deactivation.
L ong-term endurance testing will be needed to establish durability.

Effort builds on previous ANL work.

Objectives are appropriate but approach seems somewhat narrow and does not seem to be weighting efficiency

and durability enough compared to cost.

Needs more work on understanding of reaction mechanisms.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Appears to be making steady progress, but will thisjust "dead end" due to deactivation issues?
They need afundamental understanding to seeif deactivation has been controlled.

Good work on understanding sintering.

While '03 milestones are significant, longer duration tests (5,000-10,000 hours) should be scheduled soon.
How far isthe catalyst activity from the goal and how much improvement is still needed?
Good progress on GHSV improvement and reduction in methane dlip.

FY 2003 Merit Review
and Peer Evaluation

201



Rh catalyst at 55% is promising but not aworld-beater.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.40 for technology transfer and collaboration.

Work with Stid-Chemieis good.

Interactions with other reforming work in the hydrogen session needed.
Good collaboration.

Well balanced collaboration with industry and academia.

Collaboration with Siid-Chemie and two universitiesis underway.
Specific results therefrom not indicated.

Work with H, Fuel not mentioned.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.70 for proposed future work.

Not clear when one decides a catalyst is "good enough".

Appearsto be a"continuous" project.

Turn-down is also important.

Well planned future work. Needsto include field tests at potential customers' sites.

The future work plan does not detail how to decrease precious metal 1oading while improving catalyst stability
and life. The same comments apply for the perovskite catalysts.

Specific tasksidentified as Future Work appropriate for accomplishing objectives. 1-5 kW adiabatic reactors are
logical next step in evaluating GHSV status.

Consider catalyst |oading secondary at this stage of development.

Strengths and weaknesses

Strengths

W

Good innovation.
Important to reforming devel opment.
Well planned research, experienced team, significant outside collaboration.

eaknesses

Still struggling with S-tolerance.

Needs more fundamental understanding of deactivation.

Should include independent catalyst testing at potential customers' sites.
Scheduleis slipping and may impact Fast Start FP. Backup plan not identified.
Needs to publish resultsin peer reviewed journal.

Specific recommendations and additions or_deletionsto the work scope

Recommend enhancing work to understand deactivation.

Needs to tackle S-tolerance issues as higher priority.

Have potential customerstest catalyst. Develop catalyst deactivation model to quantify rate of deactivation.
Publish in refereed journals.

Endurance testing (with or without sulfur) should be performed to project catalyst lifetime.

Broaden work beyond previous efforts. Consider dropping pervoskitesif GHSV cannot be increased unless S-
tolerance cannot be attained since cost targets can be reached with PM. Studiesindicate FP catalyst cost is not a
major system cost element.

Needs more work on understanding of reaction mechanisms.

Consider system approach to design the best component operation to remove sulfur (not necessary in ATR).
Consider concentrating more on S poisoning, deactivation and sintering with PM.
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Project #108: Development of WGS M embrane Reactor
Ho, Winston, Ohio State University

Brief Summary of Project

Overall Project Score: 3.00 YU el Eals
The Ohio State University is working on “f\ggjgﬂguemE
development of a novel water-gas-shift Minimum
membrane reactor. In this project, Ohio State 40 _ —_ —_ _

is developing a mathematical model for the
novel water-gas-shift (WGS) membrane
reactor with a synthesized carbon dioxide 30 ] ;
(CO,)-selective membrane to elucidate the
effects of system parameters on the reactor and
to show the feasibility of achieving hydrogen 2.0 L
(H2) enhancement via CO, removal and carbon
monoxide (CO) to 10 parts per million (ppm)
or lower. Lo m

Question 1: Relevanceto overall DOE
objectives

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 3.20 for its
relevance to DOE objectives.

This approach isbased on alow T (140°C) CO, separation membrane. The membrane cannot be integrated into
aWGS reactor (very low kinetics), so it only eliminates the PrOx subsystem.

Current predicted component size is bigger than current PrOx-> No volume, weight or cost reduction.
Interesting new approach.

Very relevant to administration goals even though it isasmall piece of the puzzle.

This effort not only addresses H, production improvements in system operation simplicity and efficiency for
on-board, it is also applicable to off-board applications as well.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

In addition these membranes (polymer-based) are prone to defects; low selectivity. Needs a high temperature
membrane, so that you can perform WGS. Errorsin estimating reactor size, etc...

Need to move forward to the proof-of-concept on experimental level vs. modeling

Believe this project would benefit if it remained with others. Not comfortable with effort with respect to the
different gas phase species at the various accessible points, can you quantify?

Datafor only one polymer has been shown for higher temperature operation and no suggestions are provided
for alternatives or modifications to materials that may improve performance.

H, permeability and humidity dependence are two technical issues to be addressed.

The approach isinnovative and technically sound.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Difficult system to scale up for mass production

Good start but needs to present datain more common units such as space velocity (h™) vs. (mol/s) and
selectivity defined as % of change of certain components such as CO vs. initial concentration in the feed.
Would like to see effort focus on specific transport properties and characteristics of the device.

Good progress has been made.
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Would like to see more candidate materials tested and effect of alternative, transient, start-up type conditions on
performance.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

Time will be needed to further devel op the concept.
This area could be enhanced by working with real system operators or potential device fabricators.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.80 for proposed future work.

Did not present a 2003 plan.

Very ambitious plan for prototypes, excellent if the modeling work can be demonstrated and configured on (a)
prototype equipment.

Not really clear asto what is next based on the presentation.

Better understanding of potential failure modes.

Could increase rate of materials development for investigating limits early to determine material property faults
later.

The membrane durability (mechanical, lifetime and cycling) needs to be addressed.

Cost analysis should be performed to assure cost benefit for both transportation and stationary systems.

Strengths and weaknesses

Strengths
Novel concepts being applied-solid know-how.
This project istechnically sound and has demonstrated the feasibility of the novel approach.

Weaknesses
More weaknesses than strengths due to the low operating T of the membrane.

Specific recommendations and additions or deletionsto the work scope

Recommend to identify a high temperature (=300°C) membrane system, if it exists.

Add an investigation task on how to scale up the design of the reactor.

Add system trade-off studies.

A detailed model (experimental) be generated so as to mate the potential characteristics with fuel cell "systems.”
This project has alot of potential, but the materials development and the reactor design and testing should be
addressed by two different organizations.

The author should focus on materials development and material alternatives.

The effect of fuel and air impurities on membrane life will need to be addressed.
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Project #09: OnBoard Vehicle, Cost Effective Hydrogen Enhancement Technology for Transportation
PEMFCs
Dardas, Zissis, UTRC

Brief Summary of Project

Overall Project Score: 2.13 YU e Eals
In this project, UTRC is developing on-board onrage. E
vehicle, cost effective hydrogen enhancement Minimum
technology for transportation PEMFCs. Based 40 _ -_ —_ —_

on FPS and membrane reactor modelling and
analysis, maximum FPS efficiency does not
necessarily imply maximum FC efficiency and 3.0 . Q .
the the overall FC system efficiency rather
than FPS efficiency should be maximized.

2.0
Question 1: Relevanceto overall DOE |
obj ectives

This project earned a score of 2.33 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed

This proj ect offers one approach to | Progress Collaborations Future Research
provide pure hydrogen to the fuel cell
stack from gasoline as the onboard fuel.
No explicit discussion of relevance (relevance slide missing).

Did not provide project timeline.

Pl needs to show how project will contribute to illuminating Go/No-go decision in '04 on on-board fuel
processing.

H, separation key to PEM viability.

Question 2: Approach to performing the research and development

This project was rated 2.33 on its approach.

The overall fuel cell systems efficiency is projected to be only on the 22 to 33% range, which is rather low,
particularly at high stack operating pressures.

Integration of WGS reactors within a membrane-based subsystem isinnovative but need more details on how
the subsystem will function in overall reformer system.

Market barriers not addressed.

Choice of Pd membranes questionable. Classical thermodynamic analysisindicates Pd-W should not be S
tolerant. Long-term testing in S necessary to validate approach.

Question 3: Technical accomplishments and progresstoward project and DOE goals

This project was rated 2.33 based on accomplishments.
Most of the accomplishments to date appear to have been in modeling and simulating system performance.
Itisnot clear if alloy membranes can be made with their electroless plating process.
Little connection between Pd synthesis and system integration and benefits.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 1.33 for technology transfer and collaboration.

No external interactions were identified or discussed.
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No partnersidentified - one with an industrial gas company would help project, esp. in view of other UTC
projects with strong partnerships, e.g. UTC/Shell on H; reforming.

Little interaction with others outside UTRC. Why is UTRC devel oping supports when they are commercially
available? Partner!!!

Question 5: Approach to and relevance of proposed future research

This project was rated 2.33 for proposed future work.

Much of the future work seems focused on identifying suitable porous stainless steel substrates- makes one
wonder if they are on the right track.

During Q& A someone in the audience mentioned Pall Corp. had such substrates. The presenter was non-
committal.

Proposed future research addresses Pd membrane synthesis but not system issues- simplicity, thermal
integration, H, purity with reformate feed stream.

Strengths and weaknesses

Strengths
Project has innovative potential.

Weaknesses
- Many of the slides were very busy and hard to read, on screen and in the hand-outs.
It was not clear what the projected costs of this approach would be.
Lackstimeline.
Rely on literature to prove S tolerance of membranes.
Carry out long term teststo prove tolerance.
Needs classical thermodynamic analysis.
CO tolerance needs to be proven.

Specific recommendations and additions or_deletionsto the work scope

With such projected low system-level efficiencies, they should identify where the losses are and develop means
to reduce such losses. Without significant improvementsin efficiency, isthis approach viable?

Pl needs to show how project fitsinto overall DOE reformer development effort and what val ue the project adds
to meeting the DOE reformer targets.

Need economic analysisto prove cost viability.

Need comparison to other membrane approaches.
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Project #110: Advanced High Efficiency Quick Start Fuel Processorsfor Transportation Applications
Chintawar, Prashant and O'Brien, Christopher, Nuvera

Brief Summary of Project

Overall Project Score: 3.00 YU el Eals
In this project, Nuveras technical approach “f\ggjgﬂguemE
consists of replacing conventional pelleted Minimum
catalysts and heat exchangers with compact 40 _ —_ —_ _

and low thermal mass substrate (monolith,
foam, reticulate) based media. Asaresult, two
products will be produced: STAR (Substrate 3.0
Based Transportation Application Autothermal
Reformer) and HiQ (High Efficiency Quick
Start Transportation Fuel Processor). The 2.0 L
STAR fuel processor is an autothermal
reformer capable of 200 kWh input,
automotive volume of approximately 75 liters, L0 T
design focus on gasoline, under-vehicle "flat"
aspect ratio, and modular, serviceable design.
The HiQ fuel processor will incorporate the ,

high power density STAR technology with a Relevance A ™ Lobomions  Fure besearch
turbocompressor/integrated  motor-generator
that is compatible with 50kW elevated temperature stack.

Question 1: Relevance to overall DOE objectives

This project earned a score of 3.50for its relevance to DOE objectives.

Fuel processors will be needed to generate hydrogen. These projects allow technology growth for multiple
applications.

The development of an integrated fuel processor with low thermal mass substrates (STAR) is very relevant to
the DOE goal of developing reformers with afast start capability.

Thisfuel processor development also isrelevant, but to alesser extent, tothe development of fuel processors for
off-board or stationary production of hydrogen.

The HiQ fuel processor islessrelevant to the DOE goals asthey are defined in that the focus has shifted from
reducing fuel processor startup time to reducing total system startup time.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

They are aggressive in conceptual designs but tend to exaggerate novelty. Technical merits should be explained
with alittle more data/numbers.

The approach taken in the STAR fuel processor program is good in that it focused on developing an integrated
fuel processor with catalysts on substrates.

The approach taken in the HiQ fuel processor program is good and innovative in addressing the issue of total
system startup. Also, the approach to testing the turbo-generator concept, particularly with the stack simulator,
iswell thought out.

The approach to improving the fuel cell processor system and its startup time is not identified.

Also, the overall approach adds significant complexity to the fuel cell system by adding the need for additional
power conditioning electronics and expensive components (turbo-generator).
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Good effort and success in many directions.

Disagree with PI's low prioritization of materials and catalysts.

The STAR fuel processor development is a significant technical accomplishment in reducing fuel cell processor
size and moving toward meeting the requirements for an automotive fuel processor.

Catalyst durability will need to be improved.

The HiQ program is moving toward the goal of aquick start fuel cell system and seem to be on the track with
the set milestones.

The project goals and timing appear to fall short of the DOE targets, perhaps these are considered as stepping
stones to the DOE targets. The DOE target for stand up is full rated power in less than 30 seconds while the
Nuveragoal in the HiQ program is 25% of rated power.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 2.50 for technology transfer and collaboration.

A catalyst company and a university are partnering with them.

Partnering with organizations that can offer technical advantages may be more attractive. That is, select
technology first then agree on partnership/collaboration.

There is some collaboration between Nuvera and catalyst and substrate companies. Thereis also some
university collaboration. Beyond those, there islittle technology transfer, probably because the technology
developed is considered proprietary.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Nuverareceives significant government funding. Y et technical datain public domain remains scarce. They are
systematic in laying out plans.

The proposed future research is awell thought out continuation of the program.

The project end point is clearly defined, but there are no obvious plan off-ramps.

There probably should be an off-ramp based whether the proposed combined cycle is successful in terms of
projected cost and system efficiencies and whether an appropriate turbo-generator can be devel oped.

Strengths and weaknesses

Strengths
The module serviceable design of the STAR fuel processor is agood approach to an R&D fuel processor.
Also, the stack simulator is agood ideato test both the turbo-generator concept and fuel processor/fuel cell
stack integration issues.

Weaknesses
The addition of aturbo-generator will be asignificant cost to the system.
The overall efficiency gain, if any, should be balanced against the additional cost.

Specific recommendations and additions or_deletionsto the work scope

None specified.
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Project #112: Plate-Based Fuel Processing System
Dalla Betta, Ralph, Catalytica

Brief Summary of Project

Overall Project Score: 2.97 VI el Eals
Catalytica Energy Systems will design, build oo E
and demonstrate a plate-based fuel processing Minimum

system that will convert EPA Tier 2 gasoline 40 _ —_ —_ _
into a hydrogen-rich gas for direct use in
polymer electrolyte membrane (PEM) fuel cell

systems for vehicular applications. 3.0 | o}

Question 1: Relevanceto overall DOE
objectives 20 i 1

This project earned a score of 3.67 for its
relevance to DOE objectives. 10 -

This project will help test out anice
reactor concept. Relevance Approach Tech Accomplishments  Tech Transfer/ Proposed
Research aimed at devel oping a compact | Progress Collaborations Future Research
on-board fuel reformer that would yield a
high hydrogen concentration in the reformate.

Flat plate reactor design allows heat to be provided to adjacent sections sufficient to drive avery endothermic
reaction.

The development of a plate-based reactor system isrelevant to the DOE objectives of reducing cost and
improving performance, particularly start-up and transient performance.

Projections for meeting the fuel cell processor size criterialook good.

Projections for meeting cost criteria or reducing cost were not presented.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.

Approach appears to be weighted to their strength - catalyst development.

Reactor modeling is leading to early detection of favorable options.

Approach in general appearsto be very promising. High conversions at impressive vel ocities were achieved.
Thermal cycling tests are unique and useful - not being done by others so extensively. Somewhat difficult to
understand compl ete approach since reactor details were not given.

FeCr alloy construction very durable, but cost may be an issue.

The approach taken to develop a plate-based reformer system iswell thought out.

The prime considerations (or possible roadblocks) are the compatibility of the catalyst with the plates and
whether the catalyst activity and kinetics will be sufficient to keep the fuel processor size reasonable. It appears
they are addressing these issues through a combination of experimental testing simulating the plate reactor
configuration and simulation and modeling.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.33 based on accomplishments.

Progress on catalyst development, reactor designs are good.

Results/data provided are incomplete.

Difficult to interpret value if input conditions are not provided.

Impressive achievements with regard to fuel processing at high space velocities.
Thermal cycling tests are important.
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The project to date has made reasonabl e progress towards achieving their objectives.

The project as defined would not demonstrate whether the key technical barriers would be overcome until later
in the program.

They have made significant progress in modeling the plate reactor and in design of the plate reactor.
Experimental measurements of durability show improvements but are still short of the DOE targets.

Question 4: Technology transfer/collaborations with industry, universities and other |laboratories

This project was rated 1.67 for technology transfer and collaboration.

No partners or collaborators.

Could enhance interactions with labs.

Appearsto have similaritieswith R & D performed el sewhere on plate-type reformers.

No technology transfers or collaborations with other industrial partners, universities, or national |aboratories
were identified.

The work appearsto be all done within Catalytica.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.83 for proposed future work.

Str

Completing only a plate reformer design study after 3 yearsisnot very promising.

Future research goals well defined.

Assessment of energy costs of thermal cycling are important.

Catalyst stability important - does catalyst spill off walls during operation/thermal cycling?

The proposed future research follows their project plan and should show whether the plate reformer design will
be able to overcome the technical barriers.

The project plan, as presented, does not have off-ramps or decision points where the project could be ended.

engths and weaknesses

Str

engths
Approach shows significant promise for providing a compact reformer that yields areformate stream with a
high hydrogen concentration.
Achieved high reactor productivity in prototype.
Combustion catalysts will be an important part of the plate reformer section to supply heat input.

W eaknesses

Few details provided on specifics of reactor design.

The presenter made no mention of work on the combustion catalysts.

The plate-based reactor design has alarge part count, and although there are many repeat parts, the parts count
could make the cost targets difficult to achieve.

Other concerns about the plate reactor system which were not addressed are the approach to sealing the reactor
and manifolding and flow distribution within the reactor.

Theresults presented on the air exp osure of the WGS catalyst showed only one cycle. Multiple cycleswill be
necessary to prove durability.

Specific recommendations and additions or deletionsto the work scope

Energy costs of thermal cycling and starting need to be addressed.
Large size of WGS suggests that this should be afocus.
S management critical to all fuel processing options.
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Project #113: Quick-Starting Fuel Processors
Ahmed, Shabbir, ANL

Brief Summary of Project

In this project, Argonne National Laboratory is
developing fast-starting of fuel processors, in
which strategies will be developed to meet the
rapid-start targets for on-board fuel processors
in gasoline-fueled fuel cell vehicles.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.33 for its
relevance to DOE objectives.

Good approach for rapid start-up,
however cost targets on the current system
design (4 stage WGS, 3 stage PrOx) and
sophisticated HX s isdramatically higher
(at least 4-5x) than DOE target.

FUEL CELLS

Overall Project Score: 3.26 YU el Eals

4.0
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Relevance

Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Well-focused and clear understanding of program needs.
Well-coordinated and very clear presentation (methodol ogical with strong understanding of fundamentals, i.e.

inputs and chemical interactions and trade-offs.

This project is essential for DOE to make Go/No-go decision on on-board fuel processing.
Start up time is one of the critical parameters for the 2004 Go/No-go decision on onboard reforming.

Project is still abit too new for acritical evaluation.

This project isimportant to generation of a public-domain modeling and exp erimental database towards the

2004 Go/No-go decision on continued fuel processing work.

Inthelongterm, it is not clear if the project would be consistent with the hydrogen-centered goals of the

FreedomCAR program.

Thisreview will cover both the calculational part of the project and the ANL oversight and integration project
for the fast-start fuel processor demonstrator unit.
Target in 2010 of 30 seconds from 20°C does not align with DOE 2004 Go/No-go decision. Good otherwise.

Question 2: Approach to performing the research and development

This project was rated 3.30 on its approach.

Cost targets on the current system design (4 stage WGS, 3 stage PrOx) and sophisticated HXs are dramatically

higher (at least 4-5x) than DOE target.

Questioning the predicted start-up time, though; It is too optimistic with current system design (multi-staged).
Controlswill be very sophisticated thus adding to system complexity and cost.

Solid "ATR/Shift/PrOx" approach.
Clear timeline.

Good understanding of thermal management and interactions due to O/C and S/C ratios.

Needs to correlate excellent model set-up with experiments and real-life materials/'components

The general approach is good. It appears that modeling might be useful for optimizing the four-stage WGS
reactor. Efficiency needs to be addressed, as does cost.
The modelling part of the project is appropriate for determining whether the fast start of afuel processor is
within the realm of thermodynamic possibility by comparing the total heat capacity with the amount of fuel
available without imposing an unacceptable fuel economy penalty (in coordination with NREL analysis

project).
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The experimental part of the project will contain many good ideas, but warm-up of desulfurization materials
appears to have been ignored and it is not clear that enough attention has been given to ensuring aclean initial
lightoff of the ATR.

Bringing this multiorganizational project to fruition within its limited timeframe will require tremendous
achievements both technical and organizational in nature.

Some simplification of the design of individual components might provide more and better information within
the alloted timeframe.

Experienced team established consisting of national labs, university and industrial members. Integrated
approach progressing thru analysis, experiments with subcomponents to compl ete systems.

Strong analytical system approach.

Focus on mgjor obstacles.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.08 based on accomplishments.

Possibility to achieve both cost and start-up time targets with this design not evident. It remainsto be seen with
real experimental data.

The durability of the reformer and especially WGS 1 and 2 catalyst will be affected.

Model is very robust and recognizes compromises and trade-offs.

Zonal approach isgood (theoretically) but how does it translate into practice?

Clear understanding of penaltiesfor quick start.

When are the practical experiments scheduled?

Can hardware materials handle the thermal transients?

Size and cost analysis need to be performed also (in addition to fast start-up time).

Project is off to agood start.

The modeling aspect of this project has worked backward from the 2 MJ/50 kW ¢ startup energy tech team target
to a conceivable pathway by which that goal could possibly be achieved. It has abandoned the parallel heating
approach proposed last year. In doing so, it isnot clear that it has fully addressed the issue of local overheating
of catalyststhat was addressed last year through the use of very high air flows to keep the temperature rise of
the gas flows below that at which damage to the catalysts would be probable.

A major challenge for the proposed approach will be maintaining adequate catalyst durability-the demonstration
of 50 shutdown/quick startup cycles would be necessary to provide any confidence that adequate durability
might be within reach.

Relevant aspects of catalyst sintering and other degradati on mechanisms can be fundamental processes not
clearly amenable to engineering solutions.

Program is at midpoint with excellent progress shown to date.

As a hardware performance demonstration project, proof of accomplishment occursin final demonstration
phase.

Analysisissolid and on track.

Accomplishments for individual components indicated (kinetics, P& 1D, component designs and tests, etc).

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.67 for technology transfer and collaboration.

Excellent, well integrated effort with many pioneersin each of the technical fields (catalysts, microdevices,
catalyst supports).

Excellent collaboration across national labs and "interesting" industrial company (one emerging).

Needsto involve "bigger" more traditional oil and gas companies.

Collaboration with other national labsis excellent.

Collaboration with devel opers should also be included.

Good collaboration between national labs, but it was unclear whether it extended beyond that.
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If this complex multiorganizational project can be pulled off on schedule, it will be atriumph of collaboration
between at least three |aboratories and two industrial organizations, one of which has relevant mass-production
capabilities.

It appears that at least the appropriate groundwork for this collaborative tour de forceisin place.

Time will tell whether the organizational, aswell astechnical, challenges can be fully surmounted.

Large multi-disciplined team in place and functioning well.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.92 for proposed future work.

Str

Project needs to be more specific. Thisis moving forward because the start of this program is so impressive.
Needs better parallel processing of hardware-type experiments alongside modeling efforts

How to assure that the experimental results can be projected to actual system.

Future research program appears well targeted.

Generally well thought-out plansto avery ambitious timescale.

All might be possibleif nothing goes wrong, but thisis ahard areain which to advance without learning from
multiple failures.

Aretest rigs available or being built to allow all downstream components to be proven out before assembly to
the upstream components (this would seem to be the only way to meet the timeframe)?

Bringing forward separate tests of ATR light-off (with adequate spare parts for repeated rebuilds and perhaps
redesigns) would seem essential to the attainment of full system experimental data within the planned
timeframe.

Accurate measurements of total power consumption to both first full electric power and to steady-state
operation are asimportant as startup times.

Analysis performed yielding time history of critical subcomponents needs to be verified at subcomponent level
before integration and after integration. Could have off-ramp after subcomponent verification.

Not enough time allotted until final testing.

engths and weaknesses

Str

engths
Smart approach for rapid start-up.
Great, comprehensive, modeling efforts.
Very systematic approach with clear understanding of the chemistries and mass flow issues and kinetics.
Theteam is strong in performing the system analysis and is well qualified to perform the tasks.
Thoughtful calculational work, presumably based on hard kinetic data for each of the individual reactors.
The tapping of capabilities from an impressive collection of organizations.
A lot of chutzpah to propose such acomplex project.
Excellent program.

W eak nesses

The system design is still complicated, though (many reactors and HXs) even if small in size.

Why not have a parallel effort in materials and hardware?

Not clear that the means of ATR ignition has been adequately considered.

WGS reactor volume production over optimistic.

The system will cost too much.

Has enough durability work been done to generate even an educated guess as to how many times this thing
could quick-start before losing 25% of its rated throughput?

Annular design is good on paper but complicates reconstruction after a problem devel ops.

Conflict in development approach between complex compact (low mass) highly integrated design and ease of
use of sub-components arranged for sub-optimization resolved in favor of meeting overall project goal of quick
startup. Thisisessential to understanding/optimization of results of integrated system to have complete
experimental performance data of subcomponents.
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Specific recommendations and additions or _deletionsto the work scope

Find ways to reduce system cost.

Better access system controllability, especially under start-up and transients.

More detailed control strategies should investigated.

In areas where the modeling efforts are strong, make sure that the experimentalists work alongside so that
practical feedbacks and compromises can be incorporated. This effort would be greatly enhanced with real
world experiments.

Should non-national |ab technologies be included in the analysis?

Some means of sulfur control needs to be factored into the startup calculations and experiments. |s "the best"
the worst enemy of "the good" here, and might not "the good" be good enough?

Consider abit of simplification in light of need for public domain experimental datain time for the decision
point.

Add more schedule time for system optimization after controlstesting and total system testing.

Publish design approach and results for individual subcomponents, integrated system, and experimental
verification of design.
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Project #114: Progressin Microchannel Steam Reformation of Hydrocarbon Fuels

Whyatt, Greg, PNNL
Brief Summary of Project

In the microchannel fuel  processor
development  project Pacific  Northwest
National Laboratory is developing a compact,
steam reformation-based fuel processing
system for onboard reformation of
hydrocarbon fuels that meets FreedomCAR
performance targets. In addition PNNL is
developing highly effective reactors, fuel and
water vaporizers, recuperative heat
exchangers, and condensers broadly applicable
to fuel processing and fuel cell systems.

Question 1: Relevanceto overall DOE
objectives

This project earned a score of 3.17 for its
relevance to DOE objectives.

Why stop at 2 kW ¢? The goal should be to design 50 kW e system.

FUEL CELLS

Overall Project Score: 2.79
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High relevance, includes important efficiency analyses.
The higher productivity and start-up benefits gained from higher temperature steam reforming are definitely
needed to verify the credibility of microchannel designs.

Question 2: Approach to performing the research and development

This project wasrated 3.17 on its approach.

Was not articulated properly.

Weight reduction issues by applying materials other than stainless steel should be addressed.

Needsindustry support to manufacture devices

Needs computational work.
Needs manufacturing assessment.

Microchannel components need to be considered.
Heat exchange applications could be very useful.
Addressed energy/efficiency penalty due to cycling, which is very important.
Needs to expand that study to include exhaust heat losses, which would make the analy sis more realistic.
Furthermore, need to do longer H,S studies (esp. at 800°C); 1-3 hours is too short to make statements about

long-term durability.

The approach is appropriate for supporting rapid start-up, but the use of Inconel 625 material's raise cost

concerns.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

Test device was not manufactured properly leading to poor flow distributions.

Takes several months to get manufactured, too slow.
Needs numerical modeling to support work. (ANL can help).

$1.8M isalot of money. Need to show more output, (leverage with industry).
Weight remains a concern. 3" insulation still resultsin alarge package.
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System complex to maintain -- change catalyst, etc.

Sulfur degradation is disappointing.

Good progress since last presentation.

Early daysyet, but the reformer productivity benefits of higher temperature operation have been demonstrated.
The use of moving flow path bafflesin air side of low dP reactor is areliability/durability concern.

Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 2.33 for technology transfer and collaboration.

Good interaction and efforts to commercialize technol ogy.

Should be intensified.

Needs automotive partner with freedom to operate.

Manufacturing required.

Catalyst partner can help.

No meaningful interactions with auto industry.

Stronger interactions with external partners beyond GTO & McDermott, especially with ANL, would be
advised.

Difficult to judge — few details given.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.60 for proposed future work.

Only approach to enable on-board reforming. In view of the difficulties of H, storage on-board - this approach
needs to be fully tested.

Future research program addresses important technology barriers, but a better efficiency penalty analysis needs
to be undertaken.

This project desperately needs to demonstrate the claimed benefits of microchannel designs.

Strengths and weaknesses

Strengths

W

Nice high potential technology, good progress.
Microchannel design integrates a set of difficult reactors.

eaknesses

Presentation conclusions did not acknowledge the durability trade-off between higher temperature operation and
catalyst activity and structural materials survivability.

Need manufacturer (auto-related) as current manufacturing process not good.

More catalyst development required due to this new environment, where heat and mass transfer limitations are
no longer a problem. Can partner in this area.

Specific recommendations and additions or deletionsto the work scope

Carbon formation is a mgjor challenge with heavy hydrocarbon fuels such as gasoline and diesel. Thiswill
become even more prominent with microchannels ultimately leading to pressure drop increase.
Manufacturing (high volume) methods should be assessed (What is the ultimate cost in mass production and
what are appropriate manufacturing techniques?)

Generate an automotive focus lead at PNNL (not ANL) or whereever one sets up manufacturing process and
design.

Focus on system generation (Fuel and H,O in, H, out). ANL and others can support this effort aswell as ANL
modeling.

ORNL has carbon material opportunitiesin design.
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The fuel processor engineering is system engineering.
Microchannels are clearly more compact reactors, but using them requires tubing, valves, flow controllers.
PNNL should think of approacheswhich make the whole system smaller, not just the reactors or HEXSs.

Must start to address cost concerns arising from the fabrication of microchannel devices using nickel-based high
temperature materials (Inconels).
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Project #115: Reformate Clean-Up: The Case for Microchannel Architecture
TeGrotenhuis, Ward, PNNL

Brief Summary of Project

Overall Project Score: 2.58 YU el Eals
PNNL is applying microchannel architectures, oo E
where appropriate, in fuel processing for Minimum

transportation, stationary and  portable 40 - - _ -
applications to reduce size and weight,
improve fuel efficiency, and enhance
operation. 3.0 . o}

Question 1: Relevanceto overall DOE
objectives 20 i 1

This project earned a score of 2.80 for its
relevance to DOE objectives. 10 -

Fuel processor development isan
integration art. It'snot cl ear the usefulness Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
of Component R & D which will have to | Progress Collaborations Future Research
beintegrated by system integrator.
If successful, could reduce size and catalyst costs.

This technology has good potential for this application, but the specific relevance needs better definition.
Relevance not in question, but the case for microchannel architectureisstill yet to be convincingly
demonstrated.

Question 2: Approach to performing the research and development

This project was rated 2.60 on its approach.

The approach is good for the chosen objective of component devel opment.

There doesn't appear to be much fluid dynamic CFD modeling accompanying this work to correlate theory and
tests. How will the flow maldistribution be controlled?

Aretheinlet/exit manifolds correctly designed?

Approach iswell reasoned, but differential WGS reactor results are disappointing.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.60 based on accomplishments.

Lots of datal

Good combination of non-precious metal and PM catalysts for PrOx.

WGS results are discouraging. Kinetics are less than projected.

PrOx designs are useful, but show no unique benefits over earlier approaches.

There appears to be too many different applications for the basic understanding and level of effort - too
ambitious.

So far, BOP (condenser and separator), rather than WGS reactor, have shown notable benefits— need a better
reactor!

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.60 for technology transfer and collaboration.

Why repeat sulfur kinetic data, already collected by ANL? Seems redundant.
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More collaboration with fuel cell industry would be nice.

Difficult to evaluate - listed interactions seem casual.

No apparent connectionsto fuel cell developers.

There needs to be a broader extent of discussion with people who have done work in these areas. Much work
has been donein WGS & PrOx.

Useful contacts established.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.30 for proposed future work.

Hard to assess from presentation.

Proposes a continuation of existing work.

Does Ti material meet cost goals?

Demonstrate progress in meeting performance/durability with proven understanding of all parametersin one
area before embarking on new ventures.

Need to make up for lost ground on WSG reactor concept.

Strengths and weaknesses

Strengths
Good approach towards an interesting option for size and weight reduction.

Weaknesses
Low pressure drop leads to poorly controlled flow distributions- may need to add some other ideas to achieve
uniform cooling flows.
“Durability” is still missing from list of technical challenges.
Need evidence or pathway for realization of 2,000 hr target.

Specific recommendations and additions or_deletionsto the work scope

Manufacturing/cost issues to be addressed/estimated.

PNNL needsto focus on basis of computational fluid dynamics.

Thistechnology is very demanding and athorough understanding of the heat transfer within these devicesis
mandatory.
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Project #116: Fuel Processorsfor PEM FCs
Thompson, Levi, University of Michigan

Brief Summary of Project

The University of Michigan will develop fuel
processors for PEM fuel cells. In this project,
UM will demonstrate high performance
desulfurizer, catalyst, microreactor and
microcombuster/microvaporizer concepts that
will enable production of compact fuel
processors. In addition, UM will design,
fabricate, and evaluate a 1 kW fuel-flexible
fuel processor in the first 36 months and a
fuel-flexible fuel processor capable of
producing a hydrogen-rich stream for up to a
10 kW PEM fuel cell following a Go/No-go
decision to be completed within 48 months.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.00for its relevance to DOE objectives.

FUEL CELLS

Overall Project Score: 2.80
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The work in devel oping microreactor components with improved catalyst for fuel processing is directly relevant
to the goals of reducing size and cost of fuel processors.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Desulfurization approach of using Cu(l) in zeolite has been tried. The zeolites structure/framework adds alot of
weight which is ineffective in absorbing S, so loading cannot be as high asin other absorbent systems.

Absorbent size (5 kg) appearsto be large.

Claims for WGS suggested good progress but data supporting claim not shown.
Datashown for Ni ATR catalyst appears to show good progress, still concerned about coking with aNi catalyst

especially in amicroreactor environment.

The proposed technical approach appears to be a bottoms-up approach to developing afuel processor.
The focus of the work is on the components and primarily onthe developing improved catalysts.
There seems to be a combinational approach to developing catalysts. Certainly, improved catalysts would be

beneficial, but they need to be pursued within an overall view of how they will work within the fuel processor

system. The micro system approach does not seem to be focused as a range of technologies are being
investigated.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Activity of WGS which can be worked at a GHSV of 78,000 h™ is amajor accomplishment if verified.
Component design/devel opment on schedule.

The program has made good progress toward achieving some of the project goals given their funding situation.
The catalyst and sorbent work appears to be making progress towards increasing activity and GHSV needed for
size reductions.

Progress in developing microreactors appears to be behind schedule.
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Question 4: Technology transfer/collabor ations with industry, universities and other |abor atories

This project was rated 2.00 for technology transfer and collaboration.
Appears as if majority of the work is being done at Michigan with minimal involvement by companies at this

point.
Some collaboration is done with the two outside companies and an additional collaboration is being pursued.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.
Work builds on development of microprocessors at PNNL and catalyst development at Michigan.
The proposed future research is a good continuation of the current program.

The program does not have a decision point where the project would be ended.

Strengths and weaknesses

Strengths
WGS work is astrength. Other catalyst development work is also good.

Weaknesses
Microprocessor work appears to be similar to work at PNNL.
Not clear that microchannel architecture will help in areas such as WGS where reactions are kinetically
controlled.

Specific recommendations and additions or deletionsto the work scope

The program should also examine sulfur-tolerant ATR catalysts and a hot gas sulfur removal sorbent. Whilethe
researchers have shown good results with sulfur removal upstream of the fuel processor, the concernisthat a
failure to replace the sorbent would lead to a complete failure of the fuel processor.
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Project #117: Direct Methanol Fuel Cells
Zelenay, Piotr, LANL

Brief Summary of Project

Los Alamos National Laboratory will develop
direct methanol fuel cells. In this project, Los
Alamos will develop materials, components
and operating conditions of direct methanol
fuel cells (DMFCs) for portable applications
optimizing power density, overal fuel
conversion efficiency and cost. In particular,
they will design and optimize MEA
performance, improve electrocatalysis of
methanol oxidation and oxygen reduction, thus
allowing lower total precious metal loading
and/or better cell/stack performance, and
demonstrate viability of cell components in
short- and long-term operation of single cells
and stacks.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.33for its relevance to DOE objectives.

FUEL CELLS

Overall Project Score: 3.33
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This program remains very relevant as long as the work continues to focus on APU and portable fuel cell
applications. | believein their collaborations with industry, the researchers understand very well portable
applications - however are they knowledgeable about APU fuel cell system requirements?

The project iswell designed to support the President'sgoal. It'slonger term than H, FCsfor transportation,

which iswell worth funding by the government.

Repeat of last year's accolades. Astonishing productivity on all key areas of DMFC.

Most of the effort is relevant and does apply to higher level goals.

DMFC may not be appropriate for high wattage transportation systems but will play arolein portable systems.

Stayed focused on lower power systems.
Need better discussion on costs.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.

Workers appear to have made significant progressin many areas of the technology. | commend the team for
their focus on durability - an area which is poorly addressed in many of the DOE programs.

AsaNational Lab, its more important to perform material research than make stacks- especially when the stack
work may take away the resources needed for new material research.
Good integration approach to working on the problem areas as well as performance targets.
Approach is sound but afew areas could be modified or in some cases enhanced.

Durability is critical.

Solid and systematic - focus on durability is appropriate.
Experiments led to very interesting theoretical revelations.

Focus on durability and new menbranes must be maintained.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.50 based on accomplishments.

There appears to have been significant learning in: cathode design; durability - in both single cells and stacks;
and stack hardware design.

Work isfirst class. | especialy like the durability study results.

Replace the word automotive with portable.

Outstanding progressin reducing PM loadings, and introducing new membranes.

Accomplishments are solid.

Approach is well thought out, especially along the lines of endurance testing. Could impact overall goals
significantly.

Further studiesin membrane-specific degradation to methanol fuel would be useful.

Listened to past reviewer' comments.

Met some milestones.

In lifetime tests, need load cycling program.

Ru crossover - amajor finding.

Good collaboration with VA Tech on polyarylene ether sulfones.

Question 4: Technology transfer/collaborations with industry, universities and other laboraories

This project was rated 3.50 for technology transfer and collaboration.

The team shows a high degree of credibility in attracting both academic aswell asindustrial collaborations. It
would be most valuable to the program to see a stack devel oper license the technology.

The interaction with Ball seemsto be anational l1ab as a supplier of stacks. Maybe this should change.

Great interactions with both the basic (i.e. catalyst and membranes) and the "Customer" (Ball Aerospace).
Excellent coordination underway - also doing it with the appropriate groups.

Strong collaborations with Ball Aerospace and Motorola (appropriate choice of partners, including SMP, JM,
OM Group, TKK, etc...). Continue this breadth of partnerships up and down the value chain.

Question 5: Approach to and relevance of proposed future resear ch

This project was rated 3.00 for proposed future work.

I would like to see this team focus more on the fundamental understanding of the technology - especially in the
areas of cell stability and materials durability.

| hope the team can license the stack technology and avoid becoming a stack manufacturing house.

I'd like this project to tackle more difficult problems such as anode electrocatalysis.

Sincethe Pl is now also including durability in his studies, what is the customer's lifetime requirement?
Future planswill build on solid start. Not sure why stack design, etc... isakey element. Stack design should
be |eft to others- should be working with stack folks in other companies.

Focusing on life limiting mechanisms now rather than later is good.

Very clear understanding (and attacks) on key issues.

Good balance of theoretical understanding and practical experiments. But why move to higher power? What
can you learn fromit?

Strengths and weaknesses

Str

engths

Focused program on key areas.

Setting up relationships and building on them.
Knows what to focus on.

Solid balance of theory and practice.
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Strong focus on cathode-side and membrane research.

eaknesses

It is hard to appreciate the gains without a unifying metric.

Isit timeto start reporting a system-specific power density and specific power? What isthe target system
power density?

Wants to design and build stacksin anational |ab.

No clear defense on why the move to higher power applications for DMFC.

Specific recommendations and additions or_deletionsto the work scope

In understanding materials durability, it would be valuable for the team to get a greater understanding of the
systems operational needs, i.e. for aportable or APU application, the stack islikely to spend most of itstime
idle - how would this affect the understanding of important degradation mechanisms- i.e. Ru migration.
Transfer stack making technology to an industrial company and add new anode electrocatalysis R& D.
Redirect goalsto relate to portable el ectronics applications (lower temperature applications).

Continue funding.

Isthisapure MeOH system? Why not?

Will the cell be turned off and on: What happens to durability with off/on cycles (depolarized to OCV)?
Similarly, what is the design for fuel introduction? Will the cell run until MeOH is exhausted? What happens
at the point of low fuel?

2003 research plans solid - should do it in a collaborative fashion with team members. Continue to work the
fundamentals.

Stay with your strengths- focus on improving performance and on fundamental understanding.

No need to go to high power to understand fundamental s because costs remain an issue.

FY 2003 Merit Review 224
and Peer Evaluation



Project #118: Development of Advanced Catalysts for DMFCs

Narayanan, S, JPL
Brief Summary of Project

Jet Propulsion Laboratory is working on the
development of advanced catalysts for direct
methanol fuel cells. JPL will reduce catalyst
cost for direct methanol fuel cells (DMFCs),
demonstrate feasibility of reducing Pt-Ru
catalyst loading to 0.5 mg/cnf using thin film
deposition techniques, develop low-cost
technique for MEA fabrication, and prepare
low-cost alternatives to Pt-Ru based on Ni, Zr,
and Ti catalysts.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 283 for its
relevance to DOE objectives.

FUEL CELLS

Overall Project Score: 2.60
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This project is aligned with reducing cost in direct methanol fuel cells. | believe DMFC technology projects
should be aligned to both APU and portable power applications.
Focusis on catalyst: either metal loading or non-noble metal catalysts.
This program could impact the higher level goalsif it yields.
Thetopiciscritical and thetiming is excellent as any potential use will or should be incorporated into more

sophisticated tests.

Strong focus (and understanding) of catalyst costs.
Interesting focus on anode-side catalysts, including non-noble metals.

Focus on catalyst utilization is appropriate.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

The discovery of non-precious metal catalysts for DMFCswould be of enormous value. However, the rationale
of focusing work on Ni/Zr alloysis not clear to me. The researcher gave no reason for choosing this material.

Indeed the only electrochemical data shown indicated very little catalytic activity.
Appears most of the efforts were on obtaining low corrosion loss for the new anode material - but not too many

MeOH oxidation tests.

Approach is good - would like to see it enhanced to include structure-property relationships. Would like to see
adetailed logic trail asto what metals should be tested - especially before going to ternary and quaternary

systems.

Quick focus on to high utilization schemes (sputtering and thin films).
Focus on non-noble catalystsis bold (Ni-Zr, etc.).
Co-sputtering approach - innovative for this area.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

With limited funding, researchers have demonstrated their ability to produce low loading electrodes.
Would have been nice to see absolute fuel cell performance and not only specific mass activity.

Corrosion resistance alloys were demonstrated - but with little apparent catalytic activity.
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Good progress in the past on reducing Pt:Ru loading, however only modest progress on alternative catalysts.
Good progress has been made. With continued progress, the results will impact critical cost and performance
issues.

Explore issues around contamination of FC from spattering process and its effect on membrane durability.
Sound results (interesting) on co-sputtering experiments.

Extrapolation of Ni/Zr structure to being an underlayer isinnovative.

Need more scientific explanations for results and material choices.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 1.75 for technology transfer and collaboration.

None were reported - too early in the work?

Did not list much, except for informal collaboration with Northeastern University.

Not aware of any - it may be time to think about teaming with an MEA manufacturer or at least aDMFC
company for initial testing purposes.

More partnership with industry leaders would be good.

No mention of collaborationsintalk - only mention is Northeastern University.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.40 for proposed future work.

I am not sure we should focus too much activity on the Zr/Ni materials until we establish thereis any catalytic
activity.

What other potential non-precious metal catalysts could be evaluated?

| am not clear if the approach is"combinatorial” or "theory guided structure by design.” If combinatorial, a
wider scope of new materialsis suggested; if by design, greater collaboration with theoreticians is suggested.
Would encourage investigator to expand the effort to devel op an understanding at the "electronic” level.
Overall approach is good - expect it will lead to anew series of catalyst systems.

Plan simply extrapolates on co-sputtering experiments into quaternary compositions. Needs more theoretical
underpinning to their "wish list" of future projects.

Strengths and weaknesses

Strengths

The methodology of sputter deposition is apowerful tool for not only new catalyst development, but electrode
fabrication.

Good solid depth of know-how and resources and the path to get such work quantified.
Bold new push into new approaches (co-sputtering of Ni/Zr).

Weaknesses
Would like to see group branch out to work with others.
No clear scientific defense of bold approach (somewhat Edisonian).

Specific recommendations and additions or deletionsto the work scope

This isahigh risk approach.

In looking for new precious metal catalysts, this team should not dwell too long on a single material, until there
is evidence of catalytic activity.

Decideif the approach is combinatorial or structure by design - pursue a collaboration with an appropriate
partner.

Presentation appears focused on corrosion over MeOH oxidation activity - maybe MeOH oxidation should be
first.
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What is the trade-off of low current density versus low precious metal usage? Should this be modeled to target
ideal Pt loadings?

Develop acorrelation between structure and properties.

Develop an understanding of role of the binary system as a catalyst/support layer.
Start to build up atheory re: choice of metals alloys. Reach out to other collaborators.
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Project #119: Fuel Cell Power System for Transportation - Gasoline Refor mer

Tosca, Mike, UTCFC
Brief Summary of Project

In this project, UTC Fuel Cells is developing
an atmospheric fuel cell power system for
transportation. UTC will deliver a 50 kW fuel
processing system which, although focused on
gasoline operation, will utilize fuel flexible
reforming technology that can accommodate
fuels such as methanol, ethanol, and natural
gas, as well as fully integrated 50 kW and
75 kW PEM fuel cell power plants.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.00 for its
relevance to DOE objectives.

This project istargeting automotive

Overall Project Score: 2.87 U s
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applications, but seemsto be projecting 5 min start-up time, 75% efficiency for FP.
Still have the issue that on-board reforming has limited CO, reduction. (Reduction from efficiency

improvement and fuel isn't cleaner like H,.)

Goalswere set by DOE.

System development and size and weight reduction are important elements of bringing fuel cell technology to

commercialization.

Question 2: Approach to performing the research and development

This project was rated 3.25 on its approach.

Unclear about what research and development is being done.

Did not present approach methodol ogy - difficult to understand what technology is being developed when a

black box presentation is made.

Cannot tell if significant component development is occurring.

Good job switching to alternative technol ogies when problems were identified (e.g. eliminating steam generator

and finding smaller valves).

Would be good to compare performance against current car standards and Californialow emissions standards.

How close are you?

Significant progress was made toward achieving project targets. However, little detail was presented on how

that was accomplished.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.25 based on accomplishments.

Showed progress from prior system in reducing mass/volume.

Good job presenting current progress versus targets.

Results ook encouraging.

Few comments on cost factors. (Cost is one target on their opening slide - showing cost improvement along

with other improvements is important).
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Thiswas somewhat difficult to assess. Significant progress was made by size reduction. But, the view graph
listing progress towards specific targets showed little progress until updated orally. Hard to believe that much
progress was made between submitting view graph and oral presentation.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.33 for technology transfer and collaboration.

Hard to assess.

Company hasin-house FC capability.

Working with Shell.

Not clear how much car company input they are getting. (Want to be sure everything fits their needs- not just
what DOE thinks they need).

Question 5: Approach to and relevance of proposed future research

This project was rated 2.50 for proposed future work.

Do not show future plans/research.

Start looking at cost targets aswell.

Track system weight aswell.

Make sure to document transient responses going down in fuel flow. (No problems are expected but only
increased when presented.)

Focus on start up and system volume, okay. But don’t ignore cost and weight.

Impossible to assess. No details given to approach future work or even if goals could realistically be met.

Strengths and weaknesses

Strengths
Good progress due to systematic R & D.
Good job changing system design as barrier became obvious.
Significant progress made towards accomplishing target goals.

Weaknesses
Thisproject isdifficult to review aslittle technical details were presented.
Limited operation to date about 150-200 hrs.
Don’t know what bench-scal e data exists to understand how full-scale system is being designed.
Cost projection is missing.
Not clear what barrier will be addressed in future work or what approach will be taken.

Specific recommendations and additions or_deletions to the work scope

Project would benefit by a more technical presentation.

Addition of cost project needed.

Cold start from below freezing should be addressed for complete power plant.
Continue project after future work plan on schedule has been submitted.
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Project #120: PEM FC Power System on Ethanol
Richards, Thomas, Caterpillar, Inc.

FUEL CELLS

Brief Summary of Project

As a team Caterpillar, Nuvera Fuel Cells, and
Williams Bio-Energy are developing and
demonstrating a 15 kW ethanol-fueled PEM
fuel cell system. This project will demonstrate
performance, durability and reliability, remove
technical uncertainties, and identify correlation
and gaps between different applications,
collect data to evaluate economic feasihility,
and assess commercial viability.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 2.67 for its
relevance to DOE objectives.

Overall Project Score: 2.80

4.0

3.0

2.0

1.0

=YIA sl Edls

Maximum
Average E
Minimum

Relevance

Approach Tech Accomplishments ~ Tech Transfer/ Proposed

| Progress

Collaborations Future Research

Renewable aspect of ethanol makes this
project an important part of DOE's portfolio.
Target efficiency of 25% seems low.

The project utilizes arenewable fuel but is best suited to regions that have a significant bio-ethanol resource.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Approach looks reasonabl e.

Economic studies need to be shown - with and without ethanol subsidy.
The project isintended to prove feasibility of the concept. However, the technology for reforming is two

generations old.

Additional verification using the newest generation of reformers and fuel cellsisrequired for Caterpillar to have

confidence in acommercialization decision.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Excellent progress towards objectives.

Too little test datato accurately judge system accomplishments.

The project is about on schedule to begin the field demo phase in June 2003.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

Appropriate interactions with Nuvera and Fuel Cell Energy. No apparent interactions with national labs or

other (non-commercial) partners.

Increasing national lab participation might help in the analysis of the data collected.

I nteractions appear one-sided.

There appears to be good collaboration among Caterpillar, Nuvera Fuel Cells, and Williams Bio-Energy.
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Question 5: Approach to and relevance of proposed future research

This project was rated 2.33 for proposed future work.

Clear plan for completing the scheduled installation and testing, but plans beyond current contract are not clear.
While not specifically called out, future plans appear to be to complete demonstration.

No specific future research is proposed.

At the end of thetest period, Caterpillar hopes to determine the future prospects for this technology.

Strengths and weaknesses

Strengths
Great to have ethanol PEM project in the portfolio to keep renewabl es at the forefront.

W eaknesses
None specified.

Specific recommendations and additions or_deletionsto the work scope

Examine the feasibility of using amodified version of this system for the automotive market.
Efficiencies greater than 25% need to be demonstrated; otherwise why isthis project relevant?
Cost analysis is needed to demonstrate compl ete economics.
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FUEL CELLS

Project #121: New Solid Sulfide Thio-acid Membranes for High Temperature PEMFCs
Martin, Steve, lowa State University

Brief Summary of Project

Overall Project Score: 2.30 MR el ks
In this project, lowa State University is oo E
investigating a new class of anhydrous proton Minimum
conducting membranes using sulfide materials. 40 _ —_ —_ _

To do this, they are preparing stable, solid
thio-acid compounds with proton conductivity
~10 Slcm at ~200°C, investigating the ionic 3.0 . o} )
mobility and thermal stability of all produced ]
thio-acids, and modifying thio-acids to
increase conductivity, therma and chemical 2.0
stability. This will minimize fuel cross-over,
increase sulfur tolerance, and eliminate strict
requirements for membrane hydration. 10 m

Question 1: Relevanceto overall DOE
objectives

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 270 for its
relevance to DOE objectives.

High temperature membrane is very relevant to H, goal.

The development of new membrane materials for PEMs (all types) is critical for the realization of commercial
FC-based power systems.

What is good about this project isthat it focuses on one new class of materials.

Thisresearch isvery long range and specifically focused on one important element of a potential solution to one
problem area of the EERE R & D plan. It ishigh risk research, with potentially high payoff if successful.

Question 2: Approach to performing the research and development

This project was rated 2.40 on its approach.

Thethio-acid is interesting to look at as a proof-of-concept study. However, it istoo narrow-field material
chemistry so there are not many options.

While the project appears overall to be well designed, | wonder if it isfocused too narrowly on being a purely
ceramic membrane.

Should the possibility of hybrid organic/inorganic membranes also be considered?

Isit technically feasible to prepare "thin" films with large surface area and be completely crack-free? What is
their definition of thin? Isthere an upper thicknesslimit for best power density?

Also causing agreat deal of concern istheissue of attaching electrodesto fabricate MEAS, and whether or not
Pt electrocatalysts will work.

The membrane conductivity goal appears to be too low and requires athin, less durable membrane to achieve <
0.1 ohm cnf membrane resistance objective.

The conductivities of the ceramic materials are still 1-2 orders of magnitude from being useful. Instead of just
focusing on one material system (I1SU-a), it might be more advantageous to screen awider field of materialsin
the same family (he said there were many), to seeif thereis any potential this class of materials can overcome
thislimit.

Parallel work to understand the implications for catalyst requirements and membrane formation feasibility.
These activities are far outside the budget allowances at present.
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Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.40 based on accomplishments.

The project has done agood job at the feasibility study. However, the results seem to prove this approach has
little hope to succeed.

Too many obstacles including the need for a non-Pt catalyst.

The progress from materials with very poor conductivity to potentially viable materials has been very good.
However, without more data about the "New Anhydrous Proton Conductors" and how they plan to prepare and
test 160 more variationsin the series quickly, it's hard to evaluate progress.

Would like to see more discussion of proton-conduction mechanism in these materials.

Other properties such as oxygen and hydrogen permeability should be measured.

Thelevel of effort (budget) isvery small for such a challenging task.

Although good materials understanding is being obtained, it haslittle if any impact on overcoming the barriers.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.20 for technology transfer and collaboration.

Link to UTC isgreat.
The key isto get MEAs into the hands of collaborators who are able to evaluate them in high temperature
applications.

Thework isstill in early stages, i.e. | don't expect to see an MEA in the short-term, by the end of the year would
be an accomplishment.
It appears some interactions outside their lab are now just beginning, near the end of the contract.

Question 5: Approach to and relevance of proposed future research

This project was rated 1.80 for proposed future work.

The work so far does not support further work in this material.

The project needs to focus on fundamental properties and try branching out to other materials.

Making MEA should not be a priority too early.

The key barrier that needs to be removed quickly isthe compatibility of this membrane with traditional PEM
electrocatalysts.

| do not share the presenters' optimism that non-noble metal catalysts will be available soon.

Aren't there half-cell experiments that can be done now, prior to working out the thin-film processing, that will
indicate whether or not Pt electrodes can be used with thismaterial? If not, then truly viable alternativesto Pt
need to beidentified now.

The proton conductivity goal needsto be further raised.

The current goal requires avery thin (~1 nm) membrane that is not robust mechanically.

Endurance testing isrequired to assess durahility at high temperatures.

The programis 2.5 yearsinto a 3 year contract, and so is nearly done.

It seems unlikely that any further substantial advancesin these materials will be made in the next 6 months
continuing to focus on just the ISU-a materials.

Strengths and weaknesses

Strengths
Despite ranking of "2" mostly, nice and pretty important fundamental work.
New class of high temperature membranes with reasonable conductivity.

Weaknesses

Crack-free thin films of the new materials at 5 cnf and larger?
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MEA fabrication will not be trivial - traditional electrodes have ionomer.
What will they use and how will they achieve good adhesion?
Mechanical stability.

Specific recommendations and additions or_deletions to the work scope

Study the electro-catalytic impact of thisthio-acid by doing simple electrochemical measurements.

Funding should be continued.

| recommend determining whether or not Pt can be used ASAP. If it can, then full-speed ahead.

Perhaps some collaboration with a national lab?

Please provide cost-benefit analysis and compare with PAFC (which operates near the same temperature range
asthis proposed membrane).

Thiskind of fundamental materialswork isimportant to indicate the potential for anew pathway to solving a
critical barrier. However, experience indicates that the usefulness of the approach is generally going to reveal
itself fairly quickly by showing the limits of the material properties under investigation.

Also, when anew approach is taken to solve oneissue, it's value is compromised if it introduces new problems
or exacerbates old ones.

Inthiscase, | think that the potential for these materials to reach the useful proton conductivity range of at least
0.025 S/cm without water is very slim, and even if it did, there are tremendous issues with finding catalysts, and
forming electrodes that will work with these membranes.

There are equally significant issues with cost effective means for forming membranes with acceptable
mechanical properties from these ceramic materials.

Itisunlikely that any company would consider the investments required to scale up these materials without a
clear indication that the overall benefit is substantial. The value of this research isthen not going to be that it
will help eliminate the barriers of the EERE R, D, & D, in even a 20 year time frame (just witness how long
Nafion has been around and it only lacks one of the above criteria, i.e. conductivity at high temperature, which
iswhat thisISU material approach istrying to solve).

Its value for the DOE program may have already been realized by assessing theinitial potential for anew
materials pathway. The decision then iswhether this modest amount of money can now better be spent on some
other fundamental research into anew pathway to solve some other DOE program barrier.
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FUEL CELLS

Project #122: Effects of Fuel Composition on Fuel Processing
Kopasz, John, ANL

Brief Summary of Project

Overall Project Score: 2.80 YU el Eals
In this project, ANL identified and evaluated oo E
the effects of major constituents, additives, and Minimum
impurities in  petroleumbased fuels on 40 —_ —_ —_ —_

reformer performance. The approach adopted
was to (i) investigate autothermal reforming of
fuels and fuel constituents in microreactor, (ii) 3.0 . o}
rate performance based on byproduct
formation, catalyst deactivation, and hydrogen
yield and conversion, (iii) test blends of fuel 2.0
components and compare results with those for
pure components and (iv) use long-term
(>1000 h) tests to determine effects on catalyst L0 T
stability, poisoning and long-term degradation.

Question 1: Relevanceto overall DOE ,
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
objectives | Progress Collaborations Future Research

This project earned a score of 3.00for its relevance to DOE objectives.

Important project to understand complex fuel mixture behavior.

Results emphasi ze the complexity of this problem. If we want to understand reforming, we need this type of
work.

Very good project, well aligned with the US goal and the role of national labs.

Question 2: Approach to performing the research and development

This project was rated 2.67 on its approach.

Isthistied to ATR work at ANL? Believe so but needs to be made clearer how ANL reforming work is
integrated.

Continue work looking at mixtures.

Need to increase modeling efforts.

Nice experiment setup and step-by-step approach.

Encompass a comprehensive list of additives/gasoline components.

The work seems unfocused, which may be due to too loosely written objectives.

The presented conclusions are all perfectly triviak--that fuel composition can have a substantial effect on
reforming, that different fuel components compete for reactions on catalysts, and that the kinetic rates decrease
for more strongly bound species.

It isvery unclear what this work hopes to eventually accomplish that will be of practical use to FreedomCAR
objectives.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

Direction is good.

Need to continue work on bi/tri system - | suggest emphasis on S-content to determine deactivation
mechanism...thiswould be helpful to the ANL ATR effort.

The only reason for not rating this "outstanding" is the lack of progressin performance enhancement additives.
Otherwise good progress!
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It seems as though progress has been made on getting labs set up to do fuelstesting, but thereislittle or no
apparent progress towards FreedomCAR goals.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 2.67 for technology transfer and collaboration.
Appearsto have interactions, but what each entailsisunclear.
The collaboration with oil companies seems unidirectional---the project is more about testing various mixtures
from the OCs than providing useful direction to them for devel oping better mixtures.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.
No off-ramps but timeline is reasonable.
What is missing is future work on timeline, e.g. - modeling.
Unclear how future directions will provide more positive impact on reaching project objectives.

Strengths and weaknesses

Strengths
Good systematic investigation of complex fuels.

Weaknesses
Needs more fundamental work in modeling.
More university involvement?

Specific recommendations and additions or deletionsto the work scope

Look at how to develop an integrated reforming effort that clearly shows collaboration of efforts at different
labs, e.g. NETL modeling work on diesel components could be applied to ATR work at ANL. Experimentation
and modeling appear to be amixed bag of efforts.

Also add more university collaboration, e.g. aMURI on reforming.

De-emphasize conventional gas additives.

Dramatically increase focus on new performance enhancers.
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FUEL CELLS

Project #123: Testing of Fuelsin Fuel Cell Reformers
Borup, Rodney, LANL

Brief Summary of Project

Overall Project Score: 3.04 VI el Eals
Los Alamos National Laboratory is testing “f\ggjg"guemE
fuels in fuel cell reformers by exploring the Minimum
effects of fuels, fuel components, additives and 40 —_ —_ —_ —_

impurities on performance. More specifically
they will examine fuel composition effects on
energy efficiency, durability, cold startup, 3.0 ] |
transients, NH3 concentration, cost and power
density, along with the parameters that affect

fuel processor and fuel cell lifetime and 2.0 | | a
durability.

Question 1: Relevanceto overall DOE 10 m
objectives

This project earned a score of 3.20 for its ,
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

Important information on reformer performance parameters beyond just efficiency. Important for reliability and
durability.

Properties of fuel for efficient, durable reforming isimportant.

The technical objectives align reasonably well with programmatic goals, if the key uncertainties of reformers
are start-up time and durability.

Fuel variability isakey issuein fuel processing.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Looking at lots of variables to determine best operating parameters, particularly those important for start-up and
reliability/durability.

Data may help in fuels formulation for future fuels.

Approach to fuelstesting could be better described with more concise detail.

| am not convinced that the approach taken really focused on the expressed uncertainties.

| appreciate the fundamental characterization of start-up reformers but need to see how thiswastied directly to
increased reformer durability. When asingle fuel, S/C injection method is chosen, what is the reformer
durability and what is the failure mechansim?

The approach could be revised - "Measure Carbon Formation" is mentioned twice.

A kinetic/reactor model should be developed to quantify fuel effects and catalyst deactivation.

Good approach to complex problem.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Excellent progress.

Lots of good, valuable data. Data provides very useful info on reformer performance.

Directly transferable to additive effects.

Very useful information was gained about the contribution that aromatics and long chains make to light off,
coking and kinetics.
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The volume of experimental work isimpressive; yet, the lack of mathematical model(s) make interpretation of
the results difficult.

Progress towards overcoming barriersis unclear.
Good progress since last presentation; addressed previously raised concerns satisfactorily.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 3.20 for technology transfer and collaboration.

Good interaction.
Increase university collaborations.
Good interactions with Delphi, Phillips Petroleum and catalyst makers.

Therewas astrong list of collaborators indicated, however, the integration into the project was not established
tome.

Good coordination exists.
Customers should be included early in planning/testing.
Very good interactions with technology developers and oil industry.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.80 for proposed future work.

Good timeline/project plan.

Introduction of drive cycle dynamics and start-up for next year isaplus aswell aswork on strategiesto reduce
carbon formation and regeneration of catalysts.

| especially like the proposal of operating the system in a duty cycle operating mode. Although this sounds
challenging, | have not seen any durability datayet.

Future work should be reformulated aiming to the design of fuel processors able to handle the composition
variability found in current infrastructure fuels.

On good track to meet program objectives.

Strengths and weaknesses

Strengths

- Lotsof good, relevant data that provides empirical insight into overall reformer performance start-up and
operation.
Good insights gained of fuel composition characteristics to prevent reformer coking and to achieve quick light-
off.

Extensive experimental work.

Weaknesses
Need more fundamental work.
Need better description of experimental approach that was used to realize results.
Work plan needsto focus on how to handle fuel variability.

Specific recommendations and additions or deletionsto the work scope

Would like to see lab effortsintegrated with modeling efforts at university... cost-effective way to get
fundamental information.

May want to discuss thisw/ DoD.

Further work in this area.

The durability objective of this project is very important and | hope it will be actively addressed.

During the presentation, what is preventing this team from operating durability testing was not indicated - the
failure mode for reformers would be very valuable knowledge.
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When areformer fails, how isthis failure observed (or sensed) by the fuel cell? Even if reformer and therefore
stack life is short - thisdiagnostic datais very important.

Develop mathematical models to quantify catalyst deactivation, carbon formation, light off temperatures.
Publish in journals.
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Project #124: Carbon Monoxide Sensors for Refor mate-Powered FCs
Garzon, Fernando and Mukundan, Rangachary, LANL

FUEL CELLS

Brief Summary of Project
Overall Project Score: 2.83
Los Alamos is developing sensors for CO
level monitoring and feedback control in
reformate gas-powered fuel cell systems. One 40 - - _
set of sensors will operate in temperatures >
200°C and will measure CO concentrations of
0.1 to 2% in reformate gas for PrOx reactor 3.0 ] o}
control.  The system will be based on
differential  inhibition of the hydrogen
oxidation reaction at an oxide/metal interface. 2.0 |
The second set of sensors will be a low
temperature amperometric device and will
measure 10-100 ppm CO concentrations for L0 i
stack poisoning control. This system will be
based on CO inhibition of hydrogen oxidation

=YIA sl Edls

Maximum
Average E
Minimum

kinetics.

Relevance Approach Tech Accomplishments ~ Tech Transfer/
| Progress Collaborations

Proposed
Future Research

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.40for its relevance to DOE objectives.

Industry teams focusing on same topic.

Thisisagood project with high relevance to H, economy.
Such sensors are clearly needed for current reformer systems.
Talk was well-presented and methodical.

Good comments re: merits and demerits of the different systems (some materials reversible; others not.)

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Do not have sense that project has clear understanding of all the sensor requirements.
Focus on fundamental aspects of technology - let industry develop product.

Need to consider interferences and degradation processes at front end.

Low T sensor should explore alternatives or more options.

Novel ideas that do not require precious metals and reduce response time sensitivity would be valuable.

Right now, it's basically one approach with electrode optimization.
Approach clear and well organized.
Solid and sound - PEM systems for low temperature; oxides for high temperature.

Need more rationale for choices for experimentation (i.e. should research break "out of the box"?).

The approach istargeted at known systems- Pls need to "stretch".
Honest conclusion re: high temperature CO sensors.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.75 based on accomplishments.

Issues: High temperature stability of electrodes and poisoning. Low temperature sensitivity to sulfur

compounds.

Execution seems to be very good and the project has made good progress in establishing the concept's validity.
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Hope to see impurity tolerance and improved low T sensor performance.

Results not unexpected; but experiments were well-conducted and conclusions are reasonable.
Need to move from challenges and results into more innovative suggestions for new programs.
"What next" iscritical.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 2.00 for technology transfer and collaboration.

Not apparent.

May betoo early to do more.

Didn't have potential commercial partnersidentified, collaborations within LANL good - would benefit from
technical interaction with other universitiesin order to avoid group-think.

Need to reach out to other collaborationsin light of results and conclusions.

Which other groups/companies can help out?

No need to stay within academic and national labs group.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Rapid dismissal of points brought up during discussion concerns me - it's important to keep an open mind and
really listen to other technical points.

Need sense of urgency in reaching out to other parties (outside of traditional co-investigators) in light of
problems/challenges encountered.

Need to understand whether "structural” modifications can improve performance, sensitivity and reversibility.

Strengths and weaknesses

Strengths
Excellent presentation and methodical experimentation.
Sound approach - difficult task.
Keep the process simple (ex. CO poisoning).

Weaknesses
- Understand overall sensor requirements?
How does this work/approach compare with other approaches?
Need more stretch to establish baselines, because when impurities such as sulfur compounds, etc..., are
introduced, the problems get tougher!
Need industrial partnership to assist in manufacturability.

Specific recommendations and additions or deletionsto the work scope

Status of commercially available CO sensors?

Stability of metal electrodes at high temperatures?

Define how much power these sensors require for operation.

Involve more (and other non-traditional) parties who have a greater sense of urgency.

Try new analytic procedures/techniques: potential pulsing, etc..., to speed up reversibility.

FY 2003 Merit Review 241
and Peer Evaluation



FUEL CELLS

Project #125: Electrochemical Sensorsfor PEMFC Vehicles
Martin, Peter, LLNL

Brief Summary of Project

Overall Project Score: 2.83 YU oyl Eals
Lawrence Livermore is developing solid-state oo E
electrochemical sensors for safety and fuel Minimum
monitoring applications. The safety sensor 40 —_ —_ —_ —_

will utilize new electrode materials and well-
known oxygen conducting ceramics. The fuel
sensor will utilize novel proton conducting 3.0 . )
ceramicsin atraditional sensor concept. 1

Question 1: Relevanceto overall DOE 20 i a
objectives i
This project earned a score of 3.00 for its 10 -

relevance to DOE objectives.

I ndUStry teamsfocusi ng on same tOpi c. Relevance Approach .Tech Accomplishmemé Tech Transfer/ Proposed
Project iswell focused on DOE needs and | Progress Collaborations Future Research
requirements for sensor development.

Very relevant to DOE goals for safety and fuel sensors.

Although the objectives are stated, the direct correlation seemed uncertain, particularly with respect to the
response rate and ranges.

Arethe safety and fuel requirements really different? Without performance how can cost and size be addressed?
H, safety sensor development is critical for fuel cell vehicles. Currently, the H, fuel sensor isfor on-board fuel
processing only and it is not focused for vehicle application. For H, safety sensor for vehicles, the electrical
power consumption is critical. Thistarget should be identified.

Question 2: Approach to performing the research and development

This project was rated 2.83 on its approach.

Do not have sense that project has clear understanding of all the sensor requirements.

Focus on fundamental aspects of technology - let industry develop product.

Need to consider interferences and degradation processes at front end.

Automotive oxygen sensors use €l ectronic ceramics sensors so general approach is agood one. Challengeisto
modify for H, detection.

Approach iswell thought out and methodical.

The Pls appear to be keeping the practical application of these sensorsin mind.

The operating temperature for the saf ety sensor istoo high.

Technology being investigated seems to be rediscovering the problems associated with thistechnology that
were known from prior work. Where is the innovation?

What is being done to address the issues known to limit performance? Performance before size and cost
considerations.

Aslong as oxygen-conducting ceramics are being used, the sensor requires a heater element to keep the
electrolyte material high temperature. To reduce the electrical power consumption, it is necessary to use an
alternative approach or design to reduce thermal mass to reduce heater power.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

High temperature sensor for ambient environment sensor.
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Reaction with air contaminants, S, organic compounds may lead to unstable performance.

Detectabilities and response times are promising. CO, interferences could be significant.

The project has shown adequate progress. | think H, sensors must be a pretty significant challenge given how
light Hy is.

Excellent progress on saf ety sensor.

L owering the temperature of operation and power consumption are necessary and these don’t seem to have been
improved.

Test conditions, such as flow variables, have not been addressed.

Sensor stability needs significant improvement but is this the correct technology for the application? What
about interferents?

Question 4: Technology transfer/collaborations with industry, universities and other |laboratories

This project was rated 2.60 for technology transfer and collaboration.

More interaction or feedback from industrial electrochemical sensors manufacturers.

Some contacts (Ford, e.g.) have been made but project could benefit greatly from greater contact with sensor
makers or FC makers/ integrators.

Collaboration with Ford looks good.

Need to start working with acommercial partner to identify real-world issues.

Need more external interest in testing sensor.

Technology development needs to be assessed by a sensor business firm to show relevance and the application
requirements need to be reviewed with fuel cell and vehicle devel opers.

Good collaborative work with industry to develop heater element.

Need to get arequirement of electrical power consumption for vehicle application from OEMs. FreedomCAR
Fuel Cell Tech Team could be helpful.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.70 for proposed future work.

Agree with project conclusion that initial results are promising but there's along way to go... Project needs
input from sensor makers or auto companies.

Recommend a more practical approach for testing the H, saf ety sensors.

Pl needs a better idea of where the sensors are going to bein the final system.

Future research for the fuel sensor is abit vague, however it isearly in this project.

Needsto determineif the investigations planned will provide the basic improvements necessary for this
technology to work.

For the H, Safety Sensor, recommend pursuing the competitive analysis with industry H, sensors such as
RIKEN.

Electrical power consumption reduction should be focusal for vehicle application of hydrogen safety sensors, if
this project is continued.

Consider alternative approach or design to reduce heat mass to reduce electrical heater power for hydrogen
saf ety sensor.

Strengths and weaknesses

Strengths
Promising approach to H; sensors with good initial results.

Weaknesses
High power demand for heat sensor.
Sensor must run continuously - need lower power drain.
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Need to consider overall sensor requirements. Does thistechnical approach meet all requirements? Should
consider at start of the program.
With this good base, projects need to establish ties with FC makers or auto companies.

Specific recommendations and additions or_deletionsto the work scope

Did not understand comment on proprietary material and that they could not discuss composition - thisisa
national |aboratory program.

There needs to be aroadmap devel oped to determine the viability of this technology - determine what needs to
be done to identify the technical problems, how much effort is needed and where it is a cost effective venture.
H, Safety Sensor: Recommend pursuing the competitive analysis with industry H, sensors such as RIKEN.
Electrical power consumption reduction should be focused for vehicle application, if this project is continued.
Consider alternative approach or design to reduce heat mass to reduce electrical heater power.

For automotive applications, afuel sensor won't be necessary until on-board reformer technology can be
feasible. Recommend discontinuing.
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Project #127: Development of Sensorsfor Automotive PEM-Based Fuel Cells

Knight, Brian, UTCFC
Brief Summary of Project

UTC Fuel Cells is currently working to
develop automotive PEM-based fuel cell
sensors that will be able to detect CO, H,, O,
H,S, NHs, flow, temperature, pressure, and
relative humidity. UTC will investigate/utilize
the following technologies to achieve DOE
sensor targets: polymer capacitive and MEMS
strain gauges, ultrasonic vortex shedding,
turbine meters, thermal dissipation, differential
pressure flow sensing, thermocouples,
thermistors and RTDs.

Question 1: Relevanceto overall DOE
objectives

This project earned a score of 3.67 for its
relevance to DOE objectives.

FUEL CELLS

Overall Project Score: 3.25

30 . o) !
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Tech Accomplishments ~ Tech Transfer/
| Progress Collaborations

Relevance Approach

Proposed
Future Research

The program is comprehensive in addressing the sensor goals for the H, program.
Target and barriers were discussed in presentation.
A very broad program addressing the majority of the DOE sensor goals.

Question 2: Approach to performing the research and development

This project was rated 3.17 on its approach.

A multi-sensor approach with physical, electrochemical, and MEMs typeiskey to addressing all the issues and

this approach is being followed.

Focus on sensitivity to interfering substancesis key to success of the sensor suite and this needs to be spelt out
more clearly in the tasks and downsel ection process.
Good test facilities at UTRC are akey part of the sensor evaluation.

Milestones are well defined and laid out.

The program is well-designed, but market barriers could be better devel oped.
Difficult to assess technical approach from this broad program review - very few technical detailsin talk.
Good integration of team members, however there appears to be redundancy between UTRC and I T test

facilities.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.83 based on accomplishments.

The program isin theinitial stages and results are sparse. Therefore, it is not clear asto how far the technical
barriers have been addressed. The program approach however seems to be geared to addressing these i ssues.

Good progress according to time line.

Also difficult to assess progress from broad overview of talk. The most detail was given in the description of

UTRC test facility.

Accomplishment in this areais good - excellent system design.
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Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 3.33 for technology transfer and collaboration.

It appearsthat agood teamisin place.

The potential ATMI role could possibly move to tech transfer and manufacturing.
A clear manufacturer has not been identified in the program.

Good teaming approach.

Excellent integration of sensor devel opers and testing of sensors.

Good mix of university, small companies, and alarge fuel cell manufacturer.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.25 for proposed future work.

Theprogram isinitsinitial phases and it appears that the program is well-poised to proceed with the plans.
Timeframe is adequate, should provide input for '05 decision (Go/No-go).

Strengths and weaknesses

Strengths
Good technical team and strong leadership from UTC would be a great strength.

DOE lab involvement could provide some support in addressing technical issues down the line in the program.
Strength is comprehensive approach.

W eaknesses
Need to look at other sensor work as well.

Specific recommendations and additions or_deletionsto the work scope

None at thistime.
Need to integrate sensorswith control subsystem and vehicle systems.
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Project #129: Sensor Development for PEMFC Systems

Figi, Bruce, Honeywell Sensing & Controls
Brief Summary of Project

In this project, Honeywell is developing
sensors for PEMFC systems. Honeywell will
begin this process by conducting a broad
market survey to obtain input on customer
requirements for the design task. They will
then begin sensor development, paying
particular attention to relative humidity
sensing - stability over application life; ability
to provide feedback in two phase flow — and
flow sensing — providing a stable, accurate
output in non-condensing and condensing
environments. A prototype will be developed
and then field tested.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.00 for its relevance to DOE objectives.

FUEL CELLS

Overall Project Score: 3.15
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Relevance

Approach Tech Accomplishments ~ Tech Transfer/
| Progress Collaborations

Proposed
Future Research

Hard to understand the types of sensors being considered - even the "given".

Anintegrated sensor packageisimportant.

As sensor work in general, this project is highly relevant to the program objectives.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Approach is customer driven and therefore attractive.

Unclear asto where the approach is headed - no example of "sensor package.”
Data-driven approach is promising, however at this early stageit isimpossible to say whether or not it is going

to work in the end.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.75 based on accomplishments.

Very early onin project.
Interviews compl eted.

Too soon to judge strictly technical progress towards goals, but good effort overall in the attempt to define

sensor requirement.

Question 4: Technology transfer/collaborations with industry. universities and other |abor atories

This project was rated 4.00 for technology transfer and collaboration.

Good spectrum of companies.

Very good interaction with potential customers at thisvery early stage.
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Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

On track.
Good and logical plan for future work.

Strengths and weaknesses

Strengths
Integrated sensor package important concept.

Weaknesses
Unclear asto what prototypical package would look like.
This has been a strategy development effort so far rather than R & D.

Specific recommendations and additions or_deletionsto the work scope

Need to have "strawman" systems.
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FUEL CELLS

Project #130: Fuel Cell Turbocompressor
Gee, Mark K., Honeywell

Brief Summary of Project

Overall Project Score: 3.30 YU oyl Eals
Honeywell is developing an optimum “ﬁgg;gguemi
turbocompressor configuration for integration Minimum
into a PEMFC that reduces costs while 40 _ —_ —_ _

increasing design flexibility. Honeywell is
utilizing their expertise in automotive and
aerospace turbomachinery technology, 3.0 . )
variable nozzle turbine inlet geometry, mixed
flow type compressors, and contaminant/oil
free, zero-maintenance compliant foil air 2.0
bearings to achieve this objective. The final
product will have a modular design, high
efficiency, and variable speed motor-controller 10 m
topology design.

Question 1: Relevanceto overall DOE : : .
. . Relevance Approach Tech Accomplishments  Tech Transfer/ Proposed
objectives | Progress Collaborations Future Research

This project earned a score of 3.50 for its relevance to DOE objectives.

Smallest and most advanced C/E unit with M/C developed. Can be run with or without expander on hydrogen
or reformate.
Note that your sponsor is DOE - your customer is still car companies. (Make sure you meet their needs).

Question 2: Approach to performing the research and development
This project was rated 3.50 on its approach.

Objective isto make unit even smaller and M/C even smaller.
Cost reduction isamajor goal.

Looked at several options and equipment configurations.
Started with an existing product rather than from scratch.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Honeywell needsto support project more aggressively.

Met most of performance objectives.

Clearly identified areas for improvement.

Pl/company appears to be knowledgeable on technical issues.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 3.00 for technology transfer and collaboration.

GM haslistesting the device.
Would like to see some car companiesinvolved. Don’'t want to rework to meet their needs.
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Question 5: Approach to and relevance of proposed future research

This project was rated 3.50 for proposed future work.

Good future plan to further improve machine and lots of discussion with OEMs.
Doesn’t appear to be areal aggressive program.

Strengths and weaknesses

Strengths
None specified.

Weaknesses
None specified.

Specific recommendations and additions or_deletionsto the work scope

None specified.
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FUEL CELLS

Project #131: Development of a Torroidal Intersecting Vane Machine Air Management System for
Automotive Fuel Cell Systems
Bailey, Sterling, Mechanology, LLC

Brief Summary of Project

Overall Project Score: 3.60 YLD el Eals
Mechanology is developing and testing a high- oo E
efficiency, integrated compressor/expander Minimum
based on torroidal intersecting vane machine 4.0 -

(TIVM) geometry. Mechanology will select
and demonstrate design features to assure
adequate sealing, minimum porting pressure 3.0
loss, and low friction operation and then
measure the performance of the TIVM
compressor/expander across the operating 2.0
range.

Question 1: Relevanceto overall DOE 10 m
objectives

This project earned a score of 3.00 for its . : -
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

Unique design - beginning to show that they can achieve low vane friction and brush sealing to limit air
leakage.
Unit issmall and lightweight. Can be run with or without expander on hydrogen or reformate.

Question 2: Approach to performing the research and development

This project was rated 4.00 on its approach.

Working with many people to obtain necessary targets.
Have excellent response to peer review objectives.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

M ade significant progress toward peer review comments.
Researched friction, improved sealing, and low power consumption.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 4.00 for technology transfer and collaboration.

Have close coordination with OEMs and other suppliers.

Question 5: Approach to and relevance of proposed future research

This project was rated 4.00 for proposed future work.

Very focused on peer review comments and doing good to excellent job to overcome difficulties.
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Strengths and weaknesses

Strengths
None specified.

W eaknesses
None specified.

Specific recommendations and additions or deletionsto the work scope

None specified.
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Project #132: PEM Fuel Cell Air Blowers
Clark, Tom UTCFC

Brief Summary of Project

UTC Fuel Cells is developing a small,
lightweight, motor blower technology to
provide cathode air and fuel processor air for a
near ambient pressure fuel cell operating on
gasoline. As part of this project, UTC will
demonstrate the performance of various types
of air blowers, evaluate both regenerative and
centrifugal  fuel processor air blower
approaches, and develop manufacturing
methods that will alow the blower to be
produced at low cost, in large volumes.

Question 1: Relevanceto overall DOE
objectives

This project earned a score of 3.67 for its
relevance to DOE objectives.

FUEL CELLS

Overall Project Score: 3.60

4.0

3.0

2.0

1.0

=YIA sl Edls

Maximum
Average E
Minimum

Relevance

Approach Tech Accomplishments ~ Tech Transfer/ Proposed

| Progress

Collaborations Future Research

The blower work appears to address the weight and efficiency goals for the program.

Only ambient automotive FC systems to-date: however, UTC is developing blowers for themselves. The hopeis
that supplierswill sell blowersto other companies that develop ambient FC systems for stationary and/or

automotive systems.

Question 2: Approach to performing the research and development

This project was rated 3.67 on its approach.

Key barriers cited are being addressed.

UTC wanted scalable designs to mount to hardware directly. PADT CAB originally overheated and had to be
redesigned. Motor was to be designed for 75 kW, now it is designed for 50 kW . Good plan for M/C

(motor/controller) though and now they understand overheating and could scale-up.
R & D dynamics selected for RPS blower; heavier than anticipated by 30 Ibs which meansit is more costly -

140K RPM at 75 kW ¢ probably not going to be utilized as new unit good for 50 KW .

Have met technical specsfor cathode blower - close on cost target. FPS - PADT regenerative properly ruled out.
R& D dynamics design; looks like can make technical specs.

Cost is high.

Scalable design appropriate.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.67 based on accomplishments.

Efficiency and weight goals are being met.
Durability issues need to be addressed for all designs.
Closeto technical goals; alittle high on cost but doing well.
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Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 3.67 for technology transfer and collaboration.
UTRC and R & D dynamics have the wherewithal to do manufacturing, and costing appears to be attractive.
Need to get more ambient FC partnersinvolved.
Working with competent suppliers.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.33 for proposed future work.

Efficiency goals must be met at the end of the program or in the down selection stages.
Can take system up to 100 kW or so.

Strengths and weaknesses

Strengths
Good competent team including suppliers.

W eaknesses
Noise not yet addressed.

Specific recommendations and additions or deletionsto the work scope

Need to get more ambient pressure FC partnersinvolved.
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Project #133: DOE Compressor/Expander M odule Development Program

Selecman, George, TIAX

FUEL CELLS

Brief Summary of Project

In this project, TIAX will design and build a
hybrid compressor/expander module using
both turbomachinery and scroll compression
technology. This will involve developing the
algorithms and hardware to ensure stable and
effective control of the hybrid system. TIAX
will later deliver a system with equivalent
thermodynamic performance, at significantly
lower weight and volume compared to
previous scroll compressor/expander modules.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 200 for its
relevance to DOE objectives.

Overall Project Score: 1.80
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Relevance Approach

Tech Accomplishments ~ Tech Transfer/
| Progress Collaborations

Proposed
Future Research

Novel design but not sureit isworkable.

T/C scale down from suppliers' large unit in doubt.

Control is questionable.

Size and weight are questionable.
Noise?

Start-up power?

Poor turn-down - more like positive displacement rather than | etting pressure float with load.

Question 2: Approach to performing the research and development

This project was rated 2.00 on its approach.

Don’t like bypass from expander to scroll inlet.

Don’t think compressor/expander machine can easily be built and expander needs all the power it can get to

drive compressor to its lower scroll power.

Combination of scroll and T/C (turbocompressor) is a doubtful approach.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.00 based on accomplishments.

Hard to judge; no hardware, just layout design and some modeling.

Many unknowns.
Doubtful if concept works.

Don't like addition of intercooler. Still have to have one after scroll before cathode inlet.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 1.00 for technology transfer and collaboration.

Very little or no outside interactions of which | am aware.
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Question 5: Approach to and relevance of proposed future research

This project was rated 2.00 for proposed future work.

Need better modeling.
Need some hardware in quick timeto see if concept even works.

Strengths and weak nesses

Strengths
None specified.

Weaknesses
None specified.

Specific recommendations and additions or_deletionsto the work scope

Need more outside interaction.
Don’t think this project is worth the money DOE is spending.
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SECTION 4: TECHNOLOGY VALIDATION

This category includes projects that provide technical validation of hydrogen and fuel cell technologies for
transportation, infrastructure, and electric generation in a systems context under real-world operating conditions.
The aim of these effortsisto achieve the following milestones established in the Hydrogen, Fuel Cells and
Infrastructure Technologies Program Multi-Y ear Research, Development and Demonstration Plan:

Technology Validation
Validate an integrated biomass/wind or geothermal electrolyzerto-hydrogen system for $3.30/kg at
plant gate by 2010.
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TECHNOLOGY VALIDATION

Project #19: Technical Analysis: Integrating a H, Energy Station Into a Federal Building
Unnasch, Stefan, TIAX

Brief Summary of Project

Overall Project Score: 3.20 YU el Eals
TIAX will conduct an analysis on integrating a oo E
hydrogen energy station in a federal building. Minimum
This project will involve an anaysis of 40 —_ —_ —_

potential 50 kW PEMFCs that are suitable for
installation in federal buildings, an assessment
of options for system components, and the cost 3.0 o]
and efficiency of different system
configurations. It will also seek to assess the
potential for heat recovery from a FC/H, 2.0
production system, cogeneration application
possibilities, and potential fleets that could use
hydrogen for vehicular operations. L0 T

Question 1: Relevanceto overall DOE
objectives

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 3.00 for its
relevance to DOE objectives.

Provides focus on distributed infrastructure development.

Question 2: Approach to performing the research and development

This project was rated 4.00 on its approach.

Excellent knowledge of systems and their cost.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.
Provided good information on many varieties of distinct infrastructure.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.00 for technology transfer and collaboration.
Coordination with industry for cost data noted.
Question 5: Approach to and relevance of proposed future research
This project was rated 3.00 for proposed future work.
A defined endpoint not shown.

Strengths and weaknesses

Strengths
Knowledge of equipment and its cost is prevalent.
Survey of potential users shown.
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Weaknesses
Does not explore al potential scenarios. Should look at scenarios where the equipment grows and evolves over
time to match demands for H, and electricity.

Specific recommendations and additions or deletionsto the work scope

Recommended addition of an identification of the highest value and near term scenarios where FCs and H;
production for vehicles would first make sense. Add scenarios that can grow and evolve over time to match
technology to applicationsthat are closest to commercialization.
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TECHNOLOGY VALIDATION

Project #21: Validation of an Integrated System for a H,-Fueled Power Park
Carlson, Todd, Air Products and Chemicals Inc.

Brief Summary of Project
Overall Project Score: 2.90 YU el Eals

In this project, Air Products, Inc. studied the oo E
economic feasibility of producing power with Minimum
a PEM Fuel cell from natural gas. Simulations 40 - _ -
were conducted to evaluate the efficiency and
waste heat availability. Cost of operation
models were developed to analyze the capital, 3.0 s )
operational and maintenance cost associated
with it.

2.0 | |
Question 1. Relevance to overall DOE
obj ectives

1.0 o
This project earned a score of 3.50 for its
relevance to DOE objectives.

Hard to follow the poster. Reevance oproach - Teeh 7%%2@5? T Colbomions  Fure hessarh

Questions needed to be elaborated to
justify conclusions.
Good similar findings.

This program uses a variety of projects and scenariosto fit existing conditions. It combines several components
to allow hydrogen to be integrated as the fuel of choice into many commercial and domestic applications.

Question 2: Approach to performing the research and development

This project was rated 2.50 on its approach.

Needs to define their approach better.

Could not get an explanation from posters.

Much of the program is based upon Air Products projects.

The partnerships involved are to supply the necessary components or demonstration sites.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Project looks good. Well outlined.
Automotive fuel cell development is not asignificant part of this program.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

Not enough detail provided.
Thelargest part of this program is adirect collaboration with Penn State University and to be developed and
implemented on campus.
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Question 5: Approach to and relevance of proposed future research

This project was rated 2.50 for proposed future work.

Future research is not proposed.
This program did not include the development of automotive fuel cells.

Strengths and weaknesses

Strengths
This program integrates a variety of hydrogen activities into the campus of amajor university.

Weaknesses
The utilization of this program into the educational curriculum could have been more thoroughly described.

Specific recommendations and additions or_deletionsto the work scope

A discussion of the integration of this program into the Penn State Engineering curriculais recommended to be
included in detail.
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TECHNOLOGY VALIDATION

Project #23: Hawaii Hydrogen Power Park
Rocheleau, Rick, University of Hawaii

Brief Summary of Project

Overall Project Score: 3.77 YU el Eals
In this project, the state of Hawaii along with “gg;jg"guem T
the University of Hawai worked on Minimum L
demonstrating an integrated Hydrogen Power 40 —_ _

Park comprised of an electrolyzer powered by
renewable sources, hydrogen storage and
distribution system, a PEM fuel cell and a 3.0 o]
hydrogen dispensing system for vehicles.
Technical barriers as well as the economics for
this project were anayzed aong with 2.0
gathering general public interestand support.

Question 1: Relevance to overall DOE 10
objectives

This project earned a score of 4.00 for its ,
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

Shows breadth and depth of relevance through multiple aspects of energy usage. Good use of multiple
technologies, renewabl es, and fossil-based.
This program provides a multi-faceted demonstration site that links power, hydrogen generation and fueling.

Question 2: Approach to performing the research and development

This project was rated 4.00 on its approach.
They addressed the permitting issues using lessons learned from other DOE projects.
Good integration, good progress (ahead of schedule) and good partnering.
This program brings several renewable energy sources into the hydrogen/power generation components.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.33 based on accomplishments.

Thisistheir first year and they are off to agreat start.
UTCFCisat 5kW. They need plan to increaseit to 75 kW.
This project does not focus on automotive fuel cells.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 4.00 for technology transfer and collaboration.
Multiple collaborating partners.
Good partnering.
The project team has viable partners from government, industry, universities, and transportation.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.50 for proposed future work.

The project can be ended at avariety of points across technologies. Very flexible.
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Good.
Future work plans include completion of program installation and testing.

Strengths and weaknesses

Strengths
The program demonstrates a variety of renewable energy sources and several components on hydrogen and
power generation.

Weaknesses
The plan for future activities beyond the original program are not fully developed yet.

Specific recommendations and additions or deletionsto the work scope

I recommend the addition of a section that proposes future enhancements and additions to the program.

FY 2003 Merit Review 263
and Peer Evaluation



TECHNOLOGY VALIDATION

Project #24: Power Park
Hobbs, Ray, Pinnacle West

Brief Summary of Project

Overall Project Score: 2.20 YU el Eals
In this project, Pinnacle West Capital “f\ggjgﬂguemE
Corporation conducted studies on the Minimum
following topics (i) economic hydrogen 40 —_ —_ —_

production (ii) renewable energy opportunities
(iii) integration of distributed generation and
transportation fuel production (iv) 3.0 o}
incorporation with existing energy assets (v)
scalability (vi) integrated business
opportunities (vii) identification of technical 2.0
barriers  (viii) identification of market
opportunities. Under the economic production
of hydrogen, the options looked at were (i) 10
solar reforming of natural gas (ii) low cost
electrolysis (iii) hydrogen purity requirements
(iv) heat energy recovery and (iv) chemical ,
Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed

by-product value. | Progress Collaborations Future Research

Question 1: Relevance to overall DOE objectives

This project earned a score of 2.33for its relevance to DOE objectives.
More detail and explanation needed on the poster. Story needs to be laid out: why, what, timeline, etc.

This program presents a plan with components to be addressed but does not present the project parameters and
details to show the significance and impact of those components to the program.

Question 2: Approach to performing the research and development
This project was rated 2.33 on its approach.
Needs more detail. What are the barriers? What are the specifics?
The project has potential and has apparently achieved several significant milestones.

The plan is not easily relatable to the components of the plan.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.00 based on accomplishments.

No accomplishments or progress indicated. Timeline missing and details are needed.
| feel that the program has achieved much more success than is apparent from the presentation.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 2.33 for technology transfer and collaboration.

Good start.
More effort should be placed on describing the collaborations and partner contributions.
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Question 5: Approach to and relevance of proposed future research

This project was rated 2.00 for proposed future work.

Project hasnot started.

Needs more details and not enough information is given.

Future development/evolution of the program needs to be prominently discussed to see future directions and
plans.

Strengths and weaknesses

Strengths
None specified.

Weaknesses
The program seems to have been implemented but the presentation lacked detail of the various projects.

Specific recommendations and additions or_deletionsto the work scope

The work scope should be more clearly defined and presented in graphic or schematic form.
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Project #25: DTE Hydrogen Power Park
Regan, Rob, DTE Energy

Brief Summary of Project

In this project, DTE Energy would develop
and test a working prototype of a hydrogen-
based energy station concept that utilizes solar
& biomass power combined with electrolysis
and stationary PEM fuel cell technology to
take advantage of low-cost power during off-
peak hours to generate hydrogen for on-peak
power generation and vehicle fuelling. Using
state-of-the -art hydrogen generation, storage,
regeneration and control technologies, the
project will evaluate opportunities to reduce
overall system cost and maximize
performance.

Question 1: Relevance to overall DOE
objectives

TECHNOLOGY VALIDATION

Overall Project Score: 3.00 YU el Eals

4.0

3.0

2.0

1.0

Maximum
Average E
Minimum

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 3.33for its relevance to DOE objectives.

Oriented toward infrastructure with mention of vehicles.
This project has several components that demonstrate fuel cells, hydrogen generation and renewabl e energy use.

Excellent poster. Well laid out.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.

Listsanumber of barriersthat exist with acommunity (city, county, state).
The project is conceptual and as such, does not have details regarding the interface with partners and users as

well as DOE.
Good identification of areas.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

The project has potential but has not been implemented.

Good timeline.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 3.00 for technology transfer and collaboration.

Working mostly with utilities.

The teams are in place with industry and government. The university ties could be established but the details

need to be developed.
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Question 5: Approach to and relevance of proposed future research

This project was rated 2.67 for proposed future work.

The program is a future work plan with most of the development awaiting implementation.
Good project.

Strengths and weaknesses

Strengths
The program has avariety of established partners and aworkable concept design.

Weaknesses
The details of implementation could be more thoroughly developed.

Specific recommendations and additions or_deletions to the work scope

It will beimportant to include project details and specific descriptions of the program as they are devel oped and
implemented.
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TECHNOLOGY VALIDATION

Project #26: Filling Up With Hydrogen 2000
Fairlie, Matthew and Scott, Paul, Suart Energy

Brief Summary of Project

Overall Project Score: 3.13 VI el Eals
The purpose of this project is to design and oo E
build fuel appliances based on new low-cost Minimum
electrolyzer technology, demonstrate hydrogen 40 —_ —_

vehicle re-fueling using fuel appliance
systems, obtain ‘third party operating
experience feedback’ in refueling applications, 3.0 s
establish precedents for development of codes
and standards, and determine the cost
effectiveness of the fuel supply pathway. 20 L

Question 1: Relevance to overall DOE
objectives 10 -

This project earned a score of 3.00 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project is nearing completion. It
appearsto have provided key operating information for development of alkaline-based el ectrolysis technology.

Question 2: Approach to performing the research and development

This project was rated 2.67 on its approach.

Good progress was made in devel oping electrolysis for near-term distribution applications.
Somewhat hard to assess since work is essentially completed.
The presenter was very knowledgeable and helped in explaining the system and progress.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.
Appears to have made good progress in meeting their objectives.
Thisis hard to assess since | have not followed thisareaand it ismy first exposure. The accomplishments were
substantial and impressive.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

Individual project and coordination with other industrial partners appear to have been very good.

Should consider near-term opportunities other than automotive such as scootersin Asia.

Not aware of the collaboration other than DOE. Stuart is a private company. Thereis acollaboration in the
works regarding PEM -based electrolysis.

Question 5: Approach to and relevance of proposed future research

This project was rated 4.00 for proposed future work.

Next step commercialization.
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Strengths and weaknesses

Strengths
Appearsto have been avery successful program.
Good progress and solid systems devel opment.

Weaknesses
It isnot clear that they can meet the cost targets.

Specificrecommendationsand additions or deletionsto the work scope

Recommend end DOE R & D and move to commercialization.
Continue work to develop more efficient and durable cathode and anode catalysts and substrates.
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TECHNOLOGY VALIDATION

Project #27: Mixtures of H, & Natural Gas (HCNG) for Heavy-Duty Applications

Collier, Kirk, Collier Technologies
Brief Summary of Project

Collier Technologies is developing a low-
emissions, heavy-duty vehicle engine package
to seamlessly repower today’s buses and
trucks with existing natural gas and diesel
engines that will exceed DOE's goal of
reducing 1998 emission standards and
maintain or enhance vehicle drivability. This
will  be accomplished through the
incorporation of alternative engine designs and
the addition of hydrogen to the natural gas fuel
mixture.

Question 1: Relevanceto overall DOE
objectives

This project earned a score of 3.33 for its
relevance to DOE objectives.

Overall Project Score: 3.27 U s

4.0

3.0

2.0

1.0

Maximum
Average E
Minimum

Relevance

Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

While this project does not directly address fuel cells, it offers a near-term alternative vehicle application for

hydrogen.

Provides a pathway to increase infrastructure and brings hydrogen and blended hydrogen projects into common

use faster.
Allowsfor faster learning for handling H.
Good approach with good explanation.

Question 2: Approach to performing the resear ch and development

This project was rated 3.00 on its approach.

The project provides some test data and a variety of applications for future eval uation and data collection.
Addressing infrastructure codes and standards brings utilitiesinto picture.

Good project.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.67 based on accomplishments.

This project has paved the pathway for hydrogen-fueled internal combustion vehicles.

Very well done displaying emission data from testing of project.

Did not identify barriers and issues on posters, but did address them verbally.

Linked with power park.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 3.33 for technology transfer and collaboration.

The coordination between the program and universities could be more fully developed.
Broad range of participants: city(1), private(2), university(2), utilities(2) oneis hydroelectric.

Good collaboration.
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Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

This project reflects the evolution of implementation of the technology.
Project isfocused on ICEs.
Good start.

Strengths and weaknesses

Strengths
The project shows impressive results regarding pollutant emissions with the opportunities available to build the
database with each new application of thistechnology at new sites.
Poster needed more detail, but explanation was good. Good use of photos.

Weaknesses
None specified.

Specific recommendations and additions or_deletionsto the work scope

I recommend that some additional schematic or graphic representations be added to the presentation to further
clarify and describe the technol ogy and the processinvolved.
Also should show linkagesto power park program.
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TECHNOLOGY VALIDATION

Project #33: Hydrogen from Biomass for Urban Transportation
Yeboah, Yaw, Clark Atlanta University

Brief Summary of Project

Overall Project Score: 3.13 VI el Eals
NREL and its collaborators, interested in oo E
producing hydrogen from biomass, produced Minimum
25 kg/day of hydrogen from peanut shells for 40 —_ —_ —_ —_

urban transportation. This process involved
pyrolysis of the biomass followed by catalytic
steam reforming of the gas and bio-ail 3.0 o] |
products to produce hydrogen. Successful
operation of 100 hours demonstrated technical
feasibility of the process, discovered 2.0 L
agricultural uses of the carbon product, and
identified economica co-product options for
the bio-oils. 10 T

Question 1: Relevanceto overall DOE
objectives

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 3.00 for its
relevance to DOE objectives.

Process to convert biomassto a useful fuelsis critical. However it isimportant that the process handle asa
broad arange of biomass feeds as possible. This should include not only wastes e.g. peanut hulls and tailored
biomasses - switchgrass and other crops.

Renewabl e sources of H, on along term goal of HFCIT isogram.

Process seems limited in its application.

Feedstock is available in limited number of sitesand it is not clear if process will accept different forms of
biomass.

Process seems complicated and needs to make sure an estimate of cost of H, provided meets DOE targets.
The goal of peanut-shell pyrolysisisto meet CO, concerns but the pilot scale process required supplemental
fuel consumption. It is not clear that the net effect will be a benefit so a CO, balance should be performed.
Economics also seemsto depend on the value of the other products produced.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.

After validating long term performance with peanut hulls, it should be demonstrated on other fuels. After use of
3-4 maximum volume waste/crops then it should be sealed up. Not sure it can afford a special gasifier for each
fuel/waste.

Non-fossil renewable sources of hydrogen are needed in the long term as a part of the HFCIT program.

The experimental approach seemsto be defined appropriately. There are good partnershipsin place to pursue
the benefits of other products from the process; the fertilizer and adhesives.

Recommend more system analysis of the process.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Need to complete the 1000 kW demo successfully.
This project assumes that fuel processing from oil to gas(H,) is not a problem - this should be verified so that
overall economic analysisis sound.
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Learning curve hasidentified processing issues that have been resolved.
Upcoming 1000 -h test should provide a good indication of the strong and weak design points.

Theinitial pyrolysis/reformer tests show some interesting data. The next set of tests should provide more data
on thermal efficiency of the process over longer operation at larger scale.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 3.67 for technology transfer and collaboration.
Has state and industry on board. However unclear whether commercialization entity has financial depth to carry
to full production for market.
University connection to Georgia and the moving of equipment for future testswill strengthen the project.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.67 for proposed future work.

Scale up by factor of 10 is next crucial item and should be done once a more general applicability to biomass
feedsis established.

Project seems to be moving forward with modifications being made to reduce technical barriers asthey occur.
Not sure when you declare success, perhaps when devel opment costs exceed the potential benefits.

Future work plans need to include system analysis for energy, carbon balances and projected economics of the
process.

Strengths and weaknesses

Strengths
None specified.

Weaknesses

- DOE needs to spend more effort on feed preparation. All gasifier developers feel that there are no problems
once they have agood feed. However, | am not comfortable that good feeds are easily come by. Peanut hulls,
wood waste, capice willow, RDF, SMW, switchgrass all have somewhat different needs for providing a good
form feed that is easily handled and fed to agasifier.
Needs to define the potential impact of the application of the process to the hydrogen supply base that needs to
be devel oped to support the hydrogen vision.

Specific recommendations and additions or deletionsto the work scope

None specified.
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TECHNOLOGY VALIDATION

Project #36: Power Parks System Simulation
Keller, Jay and Lutz, Andy, SNL

Brief Summary of Project

Overall Project Score: 3.55 YU el Eals
The objectives of this project are to develop a oo E
system model to simulate distributed power Minimum
generation in power parks, demonstrate the 40 - _ -
potential of hydrogen technologies for power
generation, and anayze the dynamic
performance of the system to examine the 3.0 o]
thermal efficiency, power availability, and
cost.

2.0

Question 1: Relevance to overall DOE
objectives

1.0 o

This project earned a score of 4.00 for its
relevance to DOE objectives.

. Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
Excellent explanallon of relevance. | Progress Collaborations Future Research

Comprehensive but excludes autos
infrastructure issues.

Question 2: Approach to performing the research and development

This project was rated 3.50 on its approach.
Good approach.
Addressed efficiency.
Focused on matching theoretical and actual data.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 4.00 based on accomplishments.
Good project. Didn’t see barriers and could use more detail.
Good suggestion to go back to PV company.
Actual simulations with electrolysis and PV arrays done.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.00 for technology transfer and collaboration.

Good connection with 2002 comments.
Limited to laboratory but expect to improve as data becomes available.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.25 for proposed future work.

Good identification of proposed work.
Linkages with other programs evident.
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Strengths and weaknesses

Strengths
None specified.

W eaknesses
None specified.

Specific recommendations and additions or deletionsto the work scope

None specified.
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TECHNOLOGY VALIDATION

Project #37: On-Site Hydrogen Generation & Refueling Station
Davies, Michele, Hyradix/ SunLine

Brief Summary of Project

Overall Project Score: 3.60 YU el Eals
Hyradix/Sunline are working together to oo E
develop an on-site natural gas autothermal Minimum
reforming system for vehicle refueling. This 40 —_ —_ —_

reformer will advance sulfur removal
technology, purify the fuel stream through
pressure swing adsorption, compress and store 3.0 o]
hydrogen at 5000 psi, and demonstrate the
refueling of fuel cell & HCNG buses, street
sweepers, and cars. 2.0

Question 1: Relevance to overall DOE
obj ectives 10 E

This project earned a score of 3.50 for ts
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Good demo of current technology.
Demonstrates hydrogen refueling station.

Question 2: Approach to performing the research and development

This project was rated 3.50 on its approach.

The demo will generate good data on current technol ogy.
Will identify problems of on-site hydrogen filling station.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.50 based on accomplishments.

Thefirst on-site hydrogen filling station will help develop an understanding of how much maintenanceis
needed.

Question 4: Technology transfer/collaborations with industry, universities and other |aboratories

This project was rated 3.50 for technology transfer and collaboration.
Uses Universal Oil Products sulfur removal technique.

Question 5: Approach to and relevance of proposed future research

This project was rated 4.00 for proposed future work.
Long-term use of the refueling station to develop sound economicsin the future.

Strengths and weaknesses

Strengths
Real-world demonstration shown.
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Weaknesses
No specific weaknesses apparent.

Specific recommendations and additions or _deletionsto the work scope

Incorporate new components as they become available.
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TECHNOLOGY VALIDATION

Project #61: Development of a Natural Gasto H, Fueling System
Liss, William GTI

Brief Summary of Project

Overall Project Score: 3.33 YU el Eals
GTI isdesigning a competitive, fast-fill natural “/Qggjg"gim E
gas-to-hydrogen  fueling  system  with Minimum
40-60 kg/day delivery capacity that meets 40 _ —_ —_ _

DOE cost goals of $2.50/kg of H, or less. GTI
will undertake system design and analysis to
identify ~ potential pathways,  conduct 3.0 L
development and lab testing to confirm
subsystem operation, integrate the system and
incorporate controls, and conduct lab and field 20 i
testing to validate performance and reliability.

Lr

Question 1: Relevanceto overall DOE 10 m
objectives

This project earned a score of 4.00 for its : . :
. . Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
relevanceto DOE Obj ectives. | Progress Collaborations Future Research

Good emphasis on reducing footprint size for fueling station.
"Turn down" capability isinportant to allow fueling stations to grow.
Addresses the "real-world" problems of H, refueling facilities.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.
No discussion of installation and use/market.
Good integrated approach.
Addresses all facets of refueling facility design.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.
Only project looking at thermal management of cycles during filling.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.67 for technology transfer and collaboration.

Very appropriate industrial partners.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.67 for proposed future work.

Deployment not addressed.
Should be clearer about criteriafor future experiment variants.
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Strengths and weaknesses

Strengths
Addresses all areas of refueling facility design.

Weaknesses
Economic analysis could be more robust.

Specific recommendations and additions or deletionsto the work scope

Recommend incorporating advanced components as they become available in the future.
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TECHNOLOGY VALIDATION

Project #65: Renewable Energy Transportation System
Williams, John, SunLine

Brief Summary of Project

Overall Project Score: 3.56 YU el Eal
Sunline is conducting a 3year development oo E
and demonstration program on utilizing Minimum
renewable energy to power fuel cell vehicles. 40 - - _
This project utilized both demonstrations and
modeling programs to assess the feasibility of
utilizing renewable energy — particularly solar 3.0 L
energy to power electrolyzers to make
hydrogen.

Lr

2.0

Question 1: Relevance to overall DOE
objectives

1.0 o

This project earned a score of 3.60 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed

There's nothi ng better than real worki ng | Progress Collaborations Future Research
systems.
Great demonstration of potential to produce and use H, in multiple configurations.

Excellent test bed for field trial’demos of technol ogies supporting the development of a hydrogen infrastructure
and hydrogen-fuel ed transportation system.

Question 2: Approach to performing the research and development

This project was rated 3.20 on its approach.

Project is not sharply focused - many detailed technical issuescould be addressed, but they need to be
prioritized with adequate resources for instrumentation and data acquisition.

Provided excellent information on technical performance of hydrogen/vehicle technol ogies as well as economic
performance data.

Excellent educational and public outreach tool. Provides |essons learned on permitting.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.25 based on accomplishments.

Not sharply focused - many detailed technical issues could be addressed, but they need to be prioritized with
adequate resources for instrumentation and data acquisition.

Providing considerable performance data on a broad range of H, generation and H, vehicle technologies as well
as lessons |earned that should result in technology improvements and reductionsin the currently high cost of
these technologies.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was rated 3.75 for technology transfer and collaboration.

Great education and outreach!
Has worked with numerous technolgy devel opers.
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Question 5: Approach to and relevance of proposed future research

This project was rated 4.00 for proposed future work.

Not sharply focused - many detailed technical issues could be addressed, but they need to be prioritized with
adequate resources for instrumentation and data acquisition.

Plans include testing additional power generators, H, production, and H,-fueled vehicles.

Include capital recovery in economics. "Economics” without these costs are misleading.

Strengths and weaknesses

Strengths
Wonderful program.

W eaknesses
None specified.

Specific recommendations and additions or_deletionsto the work scope

Site should be considered as a plan for demonstration of stationary fuel cell systems.
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Project #66: H, Storage and Compression: LAX

Bollinger, Robert, Praxair
Brief Summary of Project

In this two year project, Praxair will design,
develop, install, and operate a H, fueling
station that features integration and packaging
of existing technology electrolysis based on-
site production, up to five light-duty vehicles
per day, five minute "fast fills," growth
flexibility to meet demand, and enabled for
heavy-duty fills. Praxair will also provide a
demonstration of a hydrogen based fueling
infrastructure capable of supporting a small
fleet of hydrogen fueled vehicles in order to
meet the Cdlifornia Fuel Cell Partnership's
goal to introduce up to 60 HFCV s by 2003 and
is compatible with other fueling stations.

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.80for its relevance to DOE objectives.

Small H, stations are needed.

TECHNOLOGY VALIDATION

Overall Project Score: 3.36

4.0

3.0

2.0

1.0

Relevance

Approach Tech Accomplishments ~ Tech Transfer/ Proposed

| Progress

=YIA sl Edls

Maximum
Average E
Minimum

Collaborations Future Research

Good demonstration of electrolysisfor fueling stations.
Will offer real-world demonstrations of a hydrogen refueling facility using electrolysis-based H, generator.
They will provide lessons learned on permitting.

Will help establish current cost of delivered H.
They should somehow link back to metrics.

Question 2: Approach to performing the research and development

This project was rated 3.33 on its approach.

Recognition of impact of footprint is very important.
The economics of the project needs to be addressed better.

The use of ASME tank storage is a positive attribute missing from several other demos.

Pricing should be decided in advance perhaps in line with a DOE goal or arelation to other fuels. Could base
price based on fuel cell efficiency giving $/M| equivalence to gasoline.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.25 based on accomplishments.

Good progress.

Project just recently started, ambitious schedule.

N/A because project just started.
Should project lease H; vehicles?
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Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 3.40 for technology transfer and collaboration.

BP, asan advisor, is excellent.

Good potential - needs to be emphasized.

Working closely with BP on design of refueling facility.
Stuart Energy, LAX, and code officials on permitting.
Is BP aparticipant?

Question 5: Approach to and relevance of proposed future research
This project was rated 3.00 for proposed future work.

Future plans are very unclear.

Decommission after two years?

Future plans should include longer-term expansion.

Should compare costs to SMR when projectsis up and running.

Strengths and weaknesses

Strengths
To be determined as project matures.

Weaknesses
To be determined as project matures.

Specific recommendations and additions or_deletionsto the work scope

Find an auto manufacturer that would lease fuel cell cars at the airport.
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TECHNOLOGY VALIDATION

Project #88: Advanced Underground Vehicle Power & Control FC Mine L ocomotive
Barnes, David, Vehicle ProjectsLLC

Brief Summary of Project

Overall Project Score: 2.70 YU el Eals
Vehicle Products LLC is developing a zero- oo E
emissions, fuel cell-powered metal-mining Minimum
locomotive that operates on a 14kW fuel cell 40 —_ —_ —_ —_

powerplant. Hydrogen will be stored in metal-
hydrides. Vehicle Products will evaluate the
locomotive’'s safety and  performance, 3.0
primarily in surface tests, and evaluate its
productivity in an underground mine in
Canada. 20

Question 1: Relevance to overall DOE
objectives 10 -

This project earned a score of 2.67 for its
relevance to DOE objectives.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

The project reported on has already been
completed. Based on what was shown in the poster, it was a successful demonstration.

Apparently, the locomotiveis still undergoing endurance testing, although this was not evident from the poster
itself.

Very good demonstration of apractical system.

Direct replacement of less efficient batteriesisimpressive but could probably drive commercialization for an
on-sitetraction fleet.

Project demonstrated technology - H, storage and fuel cell - in a niche application.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

The approach of using an existing locomotive and replacing the battery pack with afuel cell system was a good
engineering approach. This reduced the costs of starting from scratch, yet provided a meaningful
demonstration.

Useful in overcoming acceptance barriers for hydrogen.

Narrow field of use and partnering not apparent.

Thisis ademonstration project with littleor noR & D.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

The demonstration project apparently met its objectives.

Successful use of fuel cell system inoperational settings.

Only some cost data has been provided.

Only 30 hours operating time after so much cost and effort to build system seems like alow return.
Hopefully, other lessons learned in project are more worthwhile, and are being made available to public
domain.
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Question 4: Technology transfer/collabor ations with industry, universities and other |laboratories

This project was rated 2.33 for technology transfer and collaboration.

There was no external collaboration listed, other than CanMet and Placer Dome, who were Sponsors.
Project allowed demonstration of some technol ogies under development.
Good coordination among multiple organizations.

Question 5: Approach to and relevance of proposed future research
This project was rated 2.50 for proposed future work.
No future work was listed other than discussions for potential interest.
Scaling to high power/larger systems can broaden market/acceptance.

Project is over.

Strengths and weaknesses

Strengths
The demonstration was successful, even if only 30 hours of actual operation time were logged.
The cost analysis summary is helpful in identifying the major cost components for such fuel cell systems.
Successful introduction of afuel cell transporter to the mining industry.

W eaknesses
None specified.

Specific recommendations and additions or_deletionsto the work scope

This project is already complete and terminated.
Broaden team to reach out to other commercial applications.
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SECTION 5: SAFETY, CODES & STANDARDS

This category includes projects that will develop and implement the practices and procedures that will provide saf ety
assurancein all DOEsponsored R& D activities and in the marketplace. These projects will also facilitate the
creation and adoption of a set of model codes and standards for domestic and international production, distribution,
storage and utilization of hydrogen. The aim of these effortsisto achieve the following milestones established in
the Hydrogen, Fuel Cells and Infrastructure Technologies Program Multi-Y ear Research, Development and
Demonstration Plan:

Safety
By 2010, publish a handbook of Best Management Practices for Safety that will provide guidance for
ensuring safety in future hydrogen endeavors.

Codesand Standards
Complete U.S. adoption of Global Technical Regulation for hydrogen fuel cell vehicles by 2010.
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SAFETY. CODES& STANDARDS

Project #68: Codes & Standards Analysis
Swain, Michael, University of Miami

Brief Summary of Project

Overall Project Score: 3.63 YU el Eals
The University of Miami is working on codes oo E
and standards to conduct a building safety Minimum
analysis for the California Fuel Céll 40 —_ —_ —_

Partnership (CaFCP), including an assessment
of safety issues related to garaged vehicles,
develop a method to determine hydrogen 3.0 o]
sensor placement, and analyze saf ety issues for
the writing of codes and standards. This will
be accomplished by identifying concerns on 2.0 |
hydrogen installations and designing and
testing and verifying computer programs to
accurately model hydrogen interactions. L0

Question 1: Relevanceto overall DOE
objectives

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 3.50 for its
relevance to DOE objectives.

Fundamental study of ignition limitswill provide data critical to safety analysis, leading to input into codes and
standards.

Test results will beimportant in developing codes and standards for storage of hydrogen in confined spaces.
Difficult to extrapolate to all possible cases from limited experimental data.

Need for H, properties to be well understood so that impact on C& Sis accurate and rational. C& S must be
based on fact. Inappropriate standards could be fatal to economics of some applications.

Science-based datawill help set codes and standards.

Pl very knowledgeabl e on specific scientific and also applied codes and standards devel opment.

Question 2: Approach to performing the research and development

This project was rated 4.00 on its approach.

Experimental approach is novel and will advance the understanding of ignition l[imitsin the more realistic
scenario of aH; turbulent jet - areal H; leak.

PI has been studying (theoretically and experimentally) the conditions under which hydrogen can be ignited due
to leaks and/or confinement in enclosed spaces- results should be helpful in defining safety systems needed and
the establishing codes and standards.

Project iswell focused.

It might be better to plan series of experimental goalsfor Pl and fund a critical mass to accomplish the work.
Feasible, difficult with internal technical barriers. Stability and continuity may allow faster progress.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.75 based on accomplishments.

Current project just started amonth ago. Already have preliminary data, showing confidence that further data
will be obtained.

Although anew start, project seemsto be moving forward at arapid pace.

May impact needs for electrical shielding and reduce the installation costs- early resultsimply current standards
based on an overly conservative view of ignition.
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For the amount of time since the project was awarded, significant technical progress was made.
Modeling results already available for quiescent conditions.
Pl has outstanding dedication to field.

Question 4: Technology transfer/collaborations with industry, universities and other |laboratories

This project was rated 3.67 for technology transfer and collaboration.

Collaboration with national lab and SRI is useful.

Presumably, results will be published in technical journals.

Seems to be adequate with involvement of SNL. Uncertain how it integrateswith ongoing effortsat SNL.
Outstanding interactions with industry, academic, labs and standards and codes organizations.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.25for proposed future work.

Most of the project is future work at this point.

Thiswork obviously expands on previous work on H; safety issues.

Project seems focused on answering a specific issue.

Uncertain what the future planisin any detail.

Within the framework of codes and standards, bring in "fire marshals and non-technical” people into the design
of experiments.

Pl already tapping working groups.

Finding achampion of "fire marshal” (like Arizona/Phoenix) would help.

Strengths and weaknesses

Strengths
PI's experience and demonstrated expertise in area under study isthe major strength of this project.
Long career in field.
Outstanding quality of work.

W eaknesses
None specified.

Specific recommendations and additions or_deletionsto the work scope

"Need more" Mike Swainsin the program.
Tapping community for other areas- modeling/computational.
Complementing teamwork excellent.
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SAFETY. CODES & STANDARD¢

Project #69: Hydrogen Codes and Standards

Ohi, Jim NREL
Brief Summary of Project

Overall Project Score: 3.68 VA e £l
In this project, the National Renewable Energy e E
Laboratory will work on hydrogen codes and Minimum
standards to expedite hydrogen infrastructure 40 —_ —_ —_

development, coordinate such development
activities for HFCIT, and incorporate
hydrogen safety considerations into existing 3.0 o]
and proposed national and international codes
and standards. This will be accomplished by
bringing together experts to address key 20 i
issues, coordinating a collaborative national
effort between government and industry, and

by serving as the central point of contact for L0 T
up-to-date information on codes and standards
activities.

. Rel A h Tech Accomplishments ~ Tech Transfer/ Proposed
Question 1: Relevanceto overall DOE eevance pproac /Progfess Collaborations Future ’l;esearch
obj ectives

This project earned a score of 3.75for its relevance to DOE objectives.

Program aimed to overcome the barrier of codes and standards for H.
Should help elimination of the possibility of conflicting codes and standards.
Could prove valuable in helping to educate code officials.

DOE needs to assure that C& S efforts are done thoroughly and correctly.
Essential to reach the President's vision.

Question 2: Approach to performing the research and development

This project was rated 3.75 on its approach.

Aim project to collect data and assemble codes for a Global Technical Regulation.

Maintaining electronic newsletter and C& S matrix on website are good approaches to spreading information.
Totally focused on issue of getting required codes and standards to "eliminate” institutional barriersto
technology development, and more importantly - implementation.

Involvement with organizations worldwide to assume consistency. Needed to allow our US productsto be
acceptable in foreign markets.

Itisa"continuousimprovement and self definition" kind of project.

Depends on outstanding technical people with interpersonal and social skills to address codes/standards barriers.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.25 based on accomplishments.

Drawing in several agencies, such as AGA, to collaborate together.

Holding several public meetings to promote coordination of C&S.

H, safety in '03 model codes of |CC; code organizations surveyed for comment.
Developing draft templates for national standards.

Playing asignificant rolein helping more codes and standards setting activities forward.
Not appropriate feature of this project.

Effort needs increased critical mass.
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Although outstanding work has been done and very significant progress, to accomplish more will take
additional efforts, people, and skills.

Question 4: Technology transfer/collabor ations with industry, universities and other |aboratories

This project was rated 4.00 for technology transfer and collaboration.

Coordinating every organization under the sun.

Working closely with codes and standards setting organizations and industry.

Extensive interaction and collaboration with all stakeholdersin codes and standards.

Crucial featureisthe generation of training/education modules for the code officials and the general public.
Team DOE/NREL has outstanding coordination nationally and internationally.

Question 5: Approach to and relevance of proposed future research

This project was rated 3.67 for proposed future work.

Identified key standards that will direct an R & D plan for validation.

The only logical end point for this activity iswhen fuel cells enter the marketplace in large number and codes
and standardsissue is no longer abarrier, but atool that can be used to facilitate this market penetration.

This program won't end for quite awhile - the training/education will need to be improved/updated
continuously.

Broad subject; gaseous/liquid and potentially high pressure increases with times; i.e. 10K PS| storage.
Should use as much as possible to use web tools and additional ones for information dissemination.

Strengths and weaknesses

Str

engths

Level of interaction with all stakeholdersin establishing codes and standards is a definite strength.

All participants/stakeholders have been identified and their involvement assured via numerous working groups.
NREL is active member of appropriate WGs.

Technical knowledge of team.

Enthusiasm shown.

W eaknesses

Needs additional people (critical mass).

Specific recommendations and additions or deletionsto the work scope

Engage Weaver/Hollywood for some sense of the demo - what's good and bad.
Get some additional social/technical links into program.
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SAFETY, CODES& STANDARDS

Project #93: Gallium Nitride Integrated Gas/Temperature Sensors for FC Sys Monitoring for H, & Carbon
Monoxide
Pyke, Steve, Peterson Ridge LLC

Brief Summary of Project

Overall Project Score: 2.53 WA gl Eals
Maximum
Average
Question 1: Relevanceto overall DOE Minimum E
obj ectives 40 _ —_ —_ —_
This project earned a score of 3.00 for its
relevance to DOE objectives. 3.0 Q .

Thereis aneed for rapid response high-
temperature CO sensors for on-board fuel 2.0 L o
processing for process control and for
protecting the PEMFC.

Gas sensors will be important for sefety. L0 m
(Good)

CO sensors are important for safety and to
prevent the poisoning of fuel cells. (Good) Relevance . Approach Tech Accomplishment; TechTransfer! Proposed
This proj ectisinthe second tier of | Progress Collaborations Future Research
importance in the development of fuel cell

technology.

Development of a CO sensor still depends on discussions on fuel reformation and on technol ogies under
development to mitigate CO effects on fuel cell performance.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Thetechnical approach for devel oping the sensor iswell-thought out but may need to be redirected. Based on
the high-operating temperatures, it may be more appropriate for use in PrOx and WGS control at CO
concentrations of 1-2% instead of <100 ppm.

Goal isacommercial material so processes are known to manufacture large numbers of sensors. (Good)

Using paired sensors allows correlations of two gases. (Good)

Pt is expensive, but not much would be needed per sensor.

A 200-300°C operating temperature complicates the sensor.

Proof-of -principle for use of this technology has been demonstrated in that asignal is generated in response to
the presence of CO. However, accurate and reproducible measurement, quantitatively, has still to be
demonstrated.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.67 based on accomplishments.

The project has made good progress towards meeting its goals; however it needs to better identify whereit fits
into fuel processing (on-board).

Because of its high operating temperatures (200-250°C), | do not think it will be applicable for the role the
developer hasin mind - thisis not bad; just redirect.

Initial tests showed good results and the investigator used knowledge to make further improvements.

It is not clear if temperature's current changes will require an integrated temperature sensor. This could increase
costs. (Bad)

Little or no data on interference from other gases which could cause fal se positives. (Bad)

High temperature sensor to improve description rate will increase cost. A necessary evil.
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Progress has been less than expected. Largetechnical barriers still exist and will require considerable additional
time and effort.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 1.67 for technology transfer and collaboration.

Has identified potential industrial collaboration although | question how close this technology isto being
brought to market for this application.

Mostly testing collaboration - no manufacturing partnershipsin place yet.

It isgood that they're having other researchers confirm results.

Two sensors plus a heater, plus atemperature sensor, plus electronics and power supply gets complex. Can
better signal processing eliminate the temperature effects?

Question 5: Approach to and relevance of proposed future research

This project was rated 2.33 for proposed future work.

Str

Proposed future research is good but experimental plan needs to be focused on where this technology fitsinto
the fuel processor. Need to team up with fuel processor developer.

Still need to demonstrate reliable operation over longer ranges.

Need to show no interference from contaminantsin avehicle or industrial setting.

Recommend more focus on one or two specific or similar applications. (Get it to work well on one thing, then
look at other markets.)

engths and weaknesses

Str

engths
Thereisaneed for CO sensors not only to protect the PEM sensor from CO poisoning (<10-100 ppm), but also
aneed to monitor activity of CO cleanup processes, i.e. PrOx and WGS reactions. Thisisan important issue
that needs to be addressed.
The optimal temperature range of this sensor (approx. 200-250°C) would make it more appropriate for use as
process control for WGS and PrOx instead of protecting the PEM. For most fuel processors, the CO
concentration at the 10-100 ppm level will only occur at temps <250°C.
Look at more advanced signal processing. Interference effects will be important.
An interesting technical approach.

Weaknesses

Insufficient progress to determineif this technology can compete successfully with other technologies currently
under development.

Specific recommendations and additions or_deletionsto the work scope

Need to address the issue of the effect of water vapor and H,S.

Need to demonstrate a response time of <1 second.

Team up with group developing fuel processors for field testing (look at PrOx and possibly WGS for control
processes).

Don't go through too many material screenings (Ir, Pt, Pd, Ag, Rh) if you’ ve found one that works well. Get
that working first, then improveit.

Discuss the impacts of high temperature on design and if temperature will adversely affect accuracy.

This project should be given one year of additional funding with the mandate of producing aworking device. If
sufficient progress toward that goal has not been demonstrated at the end of that period, the project should be
terminated.
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Project #126: I nterfacial Stability of Thin Film H, Sensors

Pitts, Roland, NREL
Brief Summary of Project

The National Renewable Energy Laboratory is
currently working to develop and make
technology available that would produce safe,
reliable, sensitive, fast, lightweight, and
inexpensive hydrogen sensors. To do this,
NREL will look at the factors affecting the
stability and performance of thin film sensors,
such as suspect contaminant  gases,
temperature variations, and humidity impacts,
in practical environments and find solutions
for extending the lifetime and functionality of
thin film hydrogen sensors.

Question 1: Relevanceto overall DOE
objectives

This project earned a score of 3.50 for its
relevance to DOE objectives.

SAFETY, CODES& STANDARDS

Overall Project Score: 2.97

4.0

3.0

2.0

1.0

=YIA sl Edls

Maximum
Average E
Minimum

Relevance

Approach Tech Accomplishments ~ Tech Transfer/ Proposed

| Progress

Collaborations Future Research

Address safety concerns related to storage of Ho.

Need for sensorsin this program is obvious.

Clear understanding of performance needs and goals.

Sensitivity issues and atmospheric contamination/ degradation issues need to be better explained.

This addresses the potential needs and could offer both safety and control aspects of sensors, therefore reducing
the cost.

Question 2: Approach to performing the research and development

This project was rated 3.60 on its approach.

Good overall approach to product development.

Electrochromic/ fiber optic approach to detecting H, is an interesting one.

Pd membrane potentials ensures selectivity.

I'm glad to see something other than amp/pot sensors under development as well.

Background info was alittle confusing as presented. Spent too much time on it too.

Approach is different and innovative - calorimetric changes are idiot proof ( excellent for practicality if they
work).

Objectives are outstanding recognizing ease-of-use by customer. Design criteriaimpressive.

Negative: translation to practice may be challenging.

It seemsthat thereis abasic lack of understanding as to what the basic technical problems are and what needs to
be done.

There has been vacillation between sensor materials and how it would be implemented.

Interferents are a major obstacle (H,O) which is not a new discovery and needs to be focused on.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 2.88 based on accomplishments.

Good piece of technical work. Identified technical problems and organized approach for addressing issues.
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Promising results demonstrated so far but response at |ow temperature and to various humiditiesistroubling, as
well aslong term degradation (after 1 year).

If you look at the project timeline it might seem that progress has been slow, however | think that it's more
reflection of the difficulty of developing H, sensors.

Alluded to the technical difficiencies without elaborating on what those difficulties were- this prevents anyone
from offering a suggestion that might be helpful.

Choice of materials- not clearly articulated: history of electrochromic materials compensated for above
weakness.

Chemical changes resulting in color changes, defactor, tend to be slower that potantiometric or amperometric
systems.

Sensitivity and durability issues remain significant.

Funding issues!

Although several test conditions have been investigated the process seems to be slow. It seemsthat the
experience in the effort over along period is not being used to its fullest.

Question 4: Technology transfer/collabor ations with industry, univer sities and other |aboratories

This project was rated 2.25 for technology transfer and collaboration.

Electrochromic mirrors are used now in auto applications. Companies like SageElectrochromics (Minn.) are
developing for electric window applications and could possibly contribute. Also WalterJuda Inc. has developed
Pd membranes. These two companies might help in overcoming problems.

Some good interactions have been established.

Appears to have good collaboration with other industry.

Perhaps some close academic collaborations with the appropriate material/polymer scientists would help move
things along faster.

Choice of collaborators- curious! DCH went bankrupt. Need to choose more stable players.

Need to understand commercial redlities- who are the appropriate end-users.

Not much effort to work with companies who are in the fiber optic business.

Question 5: Approach to and relevance of proposed future research

This project was rated 2.60 for proposed future work.

Str

Gets a 3 because of efforts.

Needs more input from other companies that have worked in this area and could contribute to a more robust
sensor approach.

Funding seemsto be asignificant barrier (I count 3 delays due to funding issues). What's the deal with that?
Sensitivity, operational range, durability issues (and possible improvements) need to be debated in depth.
May have to make atough Go/No-go decision in light of results especially because of irreversibility of
reactions.

Why design a compl ete sensor package when no "fix" has been identified?

Need to understand the basic problems to take this technology forward.

engths and weaknesses

Str

engths
Good overall approach to product development, consideration of all requirements- technical, use environment,
end-user needs, maintenance...
Interesting approach to H, sensor devel opment. Results are both promising but show some of current
performance limitations.
Clearly innovative. Moving away from electrochemical approaches.
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Weaknesses
More outside contracts with expertise in this area are needed ASAP.
Technical reality may be tough. Decision on go/ ho-go needs to be made before long.

Specific recommendations and additions or_deletionsto the work scope

Keep up the good work.

I'd like to see how much power this system needs for operation.

Attach and acknowledge the difficulties re: durability, sensitivity, etc.

While approach is excellent, need to broaden investigation into other cal orimetric materials or drop the program
if persistent issues of durability, sensitivity cannot be overcome.

Thistechnology has alot of potential but there needs to be a concerted effort by people who have fundamental
knowledge in the material selection.
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SAFETY, CODES& STANDARDS

Project #128: Micro-Machined Thin Film H, Gas Sensors
DiMeo, Frank, Adv Tech MaterialsInc.

Brief Summary of Project

Overall Project Score: 3.07 YU el Eals
ATM, Inc. is working on micro-machined thin oo E
film hydrogen gas sensors and is seeking to Minimum
optimize micro-hotplate based hydrogen 40 _ —_ —_ —_

sensor design and fabrication, investigate
potential sensor cross sensitivities and
degradation mechanisms, and demonstrate an 3.0
extrapolated sensor lifetime greater than 3
years. To do this ATMI will investigate the
use of aternative micro-hotplate geometries, 2.0
develop surface treatment processing to
minimize the contact resistance, construct test
manifolds and signal-conditioning circuitry for L0 T
advanced sensor testing, and study sensor
response to contaminant gases and extended
life performance.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Question 1: Relevance to overall DOE
objectives

This project earned a score of 3.00 for its relevance to DOE objectives.

The project objectives are consistent with DOE targets for FC devel opment.

H, specific sensor important for fuel cell/H, introduction.

Low cost sensor goal important and progress seems good.

Does avery good job of identifying project relevance in relationship to 2002 National Hydrogen Energy
Roadmap.

Project iswell directed towards addressing the need for H, sensors.

Question 2: Approach to performing the research and development

This project was rated 3.00 on its approach.

Thereisaneed to find out what is affecting the response time (so far there's abig variation).
Theinterference of O, not clear yet. The dependence on O, concentration needs to be addressed.

How the sensor respond to altitude?

Cost barrier being addressed.

Selectivity addressed.

System devel opment important.

Approach iswell-thought out for making good technical progress.

Does agood job at addressing program objectives although the technical barriers that need to be addressed
could be better defined.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Good progress in the fabrication process control.

Valuable long-term test accomplished.

Efforts in understanding sensor operation need more attention.
Appear to have achieved major goals.
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Project seemsto be close to finalizing fabrication process and systems development field testing will be critical
for defining if reevaluation of fabrication system development is necessary.

Question 4: Technology transfer/collaborations with industry, univer sities and other |aboratories

This project was rated 3.33 for technology transfer and collaboration.

Good collaborations for independent eval uation of the sensor, particularly with UTC.

Teaming/ collaboration with systems (H,/Fuel Cell) important. Need to broaden beyond UTC.

Good progress toward establishing industrial collaboration. Interaction with UTC Fuel Cell (positive results)
could help promote further industrial collaboration.

What isthe plan for deploying prototypes externally to ATMI?

Question 5: Approach to and relevance of proposed future research

This project was rated 3.00 for proposed future work.

Good plan for the rest of the time schedule.

More attention on sensor operation should be considered.

Appear to be near completion of sponsored work.

Future work plan directed towards improving fabrication.

Field of testing iscritical.

Identification of target market for H, economy (i.e. safety, process control) would be helpful.

Strengths and weaknesses

Strengths
- Successful product development.
Appearsto have cost reduction in hand.
Need to gain acceptance by users.
Does agood job in identifying how this project addresses National Energy Roadmap.
Well focused on manufacturing/fabrication devel opment.

Weaknesses
Presentation of datafor H, selectivity in presence of CO, H,S, and IPA would have been appreciated.

Specific recommendations and additions or_deletionsto the work scope

Onthesdlide, "Communication/Collaboration”, thereis a statement about " detection of sulfur-containing gases"
- can this technology be extended to detecting ppb level of H,S in reformate?

Cost projections would be beneficial.

Need to identify what isitstarget appreciation for the "hydrogen economy" - appears to be safety and
monitoring and not necessarily production.
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SECTION 6: OTHER

This section contains all projects funded in FY 2003 by the HFCIT Program that do not fall into the previous
categories. Thetechnical knowledge gained from the successful completion of these projects, however, would
benefit other HFCIT work.
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OTHER

Project #28: Toward the Development of a Thermodynamic Fuel Cell
Van Blarigan, Peter, SNL

Brief Summary of Project

Overall Project Score: 3.00 YU e Eals
Sandia National Laboratories is designing and oo E
demonstrating an ideal, thermodynamic cycle Minimum
based electrical generator utilizing a 40 —_ _

homogeneous charge compression ignition that
charge combusts due to compression heating,
achieve constant-volume combustion, is multi- 3.0 o
fuel capable with no flammability limits, and
features NO, control by dilution. A
thermodynamic fuel cell will be able to 20
compress the fuel/air mixture rapidly to reach
high  compression ratio a  ignition,
electronically control compression ratio, be L0
capable of surviving high peak, short duration
pressure pulse, and have mechanical simplicity
for high reliability and low cost potential.

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

Question 1: Relevance to overall DOE
objectives

This project earned a score of 2.00for its relevance to DOE objectives.

A novel IC engine (OTTO cycle) for efficient utilization of hydrogen fuel with low emission.
Excellent fundamental R & D with high risk sizeable benefits potential.

Unclear why this project isin the HFCIT program. If done anywhere it should be in an ENGINE program
within DOE.

Question 2: Approach to performing the research and development

This project was rated 4.00 on its approach.
Largely atheoretical and modeling study to evaluate the concept prior to proceeding to a hardware phase.

Question 3: Technical accomplishments and progress toward project and DOE goals

This project was rated 3.00 based on accomplishments.

Question 4: Technology transfer/collabor ations with industry, universities and other laboratories

This project was not rated for technology transfer and collaboration.

Question 5: Approach to and relevance of proposed future resear ch

This project was rated 3.00 for proposed future work.

A highrisk project that needs a Go/No-go decision on whether to proceed and, if yes, in what direction.
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Strengths and weaknesses

Strengths
Excellent science.

W eaknesses
None specified.

Specific recommendations and additions or deletionsto the work scope

This project has been in place for several years. A decision isin order to either commit the necessary resources
to take this | CE concept to the hardware (proof-of-concept) phase or make a decision to discontinue the project.

FY 2003 Merit Review 300
and Peer Evaluation



Project #29: Reduced Turbine Emission Using Hy-Enriched Fuels
Keller, Jay and Liss, William SNL

OTHER

Brief Summary of Project

Overall Project Score: 3.90 YU e Eals
Sandia is working to reduce turbine emissions oo E
using hydrogen-enriched fuels by quantifying Minimum
the effect of hydrogen addition in various 40 -

areas of a gas turbine, establishing a scientific
and technological database for lean
combustion of hydrogen-enriched fuels, 3.0 o]
establishing numerical simulation capabilities
that will facilitate design optimization of gas
turbine combustors, and by developing criteria 2.0 L
for use of hydrogen addition as a control knob
to eliminate instabilities related to varying
product gas composition. 10 W

Question 1: Relevanceto overall DOE
objectives

Relevance Approach Tech Accomplishments ~ Tech Transfer/ Proposed
| Progress Collaborations Future Research

This project earned a score of 4.00 for its
relevance to DOE objectives.

Applications which utilize H; efficiency are crucial to the growth of an infrastructure.
Substitution of hydrogen for some of the fuel used in turbines has the potential to reduce pollutant emissions as
well as CO,, while helping preserve fossil fuels.

Question 2: Approach to performing the research and development

This project was rated 3.50 on its approach.
Unclear whether they have incorporated prior studies done with Westinghouse/IGT in the DOE/FE advanced
turbine program in the early 90's.
Emission reduction is not the only a benefit, some system designs have significantly increased efficiency.

Question 3: Technical accomplishments and proaress toward project and DOE goals

This project was rated 4.00 based on accomplishments.

Thework isusing state of the art tools to get the data needed to understand and hence improve the use of the H,
emission reduction.

Thereis aneed to broaden the concept of thermochemical recuperation for efficiency increase.

Enriching conventional fuelswith H, looks like a very promising method for reducing turbine emissions.

Question 4: Technology transfer/collaborations with industry, universities and other laboratories

This project was rated 4.00 for technology transfer and collaboration.

Actual project partner involvement is unclear.
Excellent collaboration - national and international - including industrial interest.
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Question 5: Approach to and relevance of proposed future research

This project was rated 4.00 for proposed future work.

This should be able to be brought rapidly into the markets.
Magjor barriers are probably not technical but educational.

The growing use of CHy-H, blend should make this easier. The development of afuture reformer for the fuel
preparation has not been solved.

Strengths and weaknesses

Strengths
Excellent progress.
Significant interest/collaboration in project.

W eaknesses
None specified.

Specific recommendations and additions or_deletionsto the work scope

A minor task should be started to examine the current advantages of thermochemical recuperation to utilize
waste heat for fuel preparation which increases system efficiency.
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baileycj@chevrontexaco.com

U (Balu) Balachandran

Manager, Ceramics Section
Argonne National Laboratory

9700 S. Cass Avenue, Building 212
Argonne, IL 60439

PH: 630-252-4250

FX: 630-252-3604

balu@anl.gov

Stephen Ban

Director, Office of Technology
Transfer

Argonne National Laboratory
9700 S. Cass Avenue, OTT/201
Argonne, IL 60439

PH: 630-252-8111

FX: 630-252-5230
sdban@anl.gov

Pronob Bardhan

Director, External Research
Corning Inc.

Sullivan Park, SP-FR-02-08
Corning, NY 14831

PH: 607-974-3800

FX: 607-248-1275
bardhanp@corning.com

Shawn Barge

GE EER

18 Mason

Irvine, CA 92618

PH: 949-859-8851 x111
shawn.barge@ps.ge.com

David Barnes

General Manager

Vehicle Projects LLC

621 17th Street, Suite 2131
Denver, CO 80293

PH: 303-296-4218

FX: 303-296-4219
david.barnes@vehicleprojects.com
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Edward Beardsworth
UFTO

951 Lincoln Avenue
Palo Alto, CA 94301
PH: 650-328-5670
FX: 650-328-5675
edbeards@ufto.com

Richard Bechtold

Senior Project Manager

QSS Group, Inc.

4500 Forbes Boulevard, Suite 200
Lanham, MD 20706

PH: 301-429-4566

FX: 301-731-1384
richard.bechtold@qssgroupinc.com

Josette Bellan

Jet Propulsion Laboratory

4800 Oak Grove Drive, MS 125-109
Pasadena, CA 91109

PH: 818-354-6959

FX: 818-393-5011
josette.bellan@jpl.nasa.gov

John Benemann
Consultant

Benemann Associates
3434 Tile Creek Drive, #1
Walnut Creek, CA 94595
PH: 925-352-3352

FX: 925-944-1205
jbenemann@aol.com

Brian Benicewicz

Professor of Chemistry
Rensselaer Polytechnic Institute
Cogswell Laboratory

Troy, NY 12180

PH: 518-276-2534

FX: 518-276-6434
benice@rpi.edu

Thomas Benjamin

Chemical Engineer

Argonne National Laboratory
9700 S. Cass Avenue
Argonne, IL 60439

PH: 630-252-1632

FX: 630-252-4176
benjamin@cmt.anl.gov
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Gene Berry

LLNL

7000 East Avenue, L-644
Livermore, CA 94550

PH: 925-424-3621

FX: 925-423-7914
berry6@lInl.gov

Isaac Berzin

MIT

62 B Beaconwood Road
Newton, MA 02461

PH: 617-283-4509

FX: 617-868-6682
berzin@payload.com

Theodore Besmann

Head, Surface Processing and
Mechanics Group

Oak Ridge National Laboratory
P.O. Box 2008, MS-6063

Oak Ridge, TN 37831

PH: 865-574-6852

FX: 865-574-6918
besmanntm@ornl.gov

Connie Bezanson

Lead Engineer, Program Planning
US DOE, FreedomCAR & Veh Tech
1000 Independence Avenue, SW
Washington, DC 20585

PH: 202-586-2339

FX: 202-586-7409
connie.bezanson@ee.doe.gov

Lindsey Bierer

General Atomics

P. O. Box 85608

San Diego, CA 92186-5608
PH: 858-455-4498
bierer@gat.com

Stephen Birdsell

LANL

1335 La Morada Circle
Los Alamos, NM 87544
PH: 505-667-5868
steve.birdsell@lanl.gov

Brent Blaha

Northrop Grumman Newport News
4101 Washington Avenue, Bldg
905, 7th Floor

Newport News, VA 23607

PH: 757-534-4594

FX: 757-688-4464
blaha_bw@nns.com
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Larry Blair

Consultant for DOE, HFCIT
1550 Bridge Road, NE

Rio Rancho, NM 87144
PH: 505-259-5009

FX: 505-896-6686
larry.blair@ee.doe.gov

Ed Bless

CEO, H2 Solutions Inc.
690 Maranatha Drive
Hollister, CA 95023

PH: 831-635-0509
ebless@h2solutions.com

David Block

Director Emeritus

Florida Solar Energy Center
1679 Clearlake Road
Cocoa, FL 32922

PH: 321-638-1001

FX: 321-638-1010
block@fsec.ucf.edu

Douglas Blom

Oak Ridge National Laboratory
1 Bethel Valley Road

Oak Ridge, TN 37831-6064
PH: 865-241-3898

FX: 865-576-5413
blomda@ornl.gov

Alexander Bogicevic
Ford Motor Company
2101 Village Road
Dearborn, Ml 48124
PH: 313-845-8625
FX: 313-322-7044
abogicev@ford.com

Christopher Bordeaux

Technology Validation Manager
DOE, HFCIT

1000 Independence Avenue, SW
Washington, DC 20585

PH: 202-586-3070

FX: 202-586-5860
christopher.bordeaux@hg.doe.gov

Rod Borup

Fuel Reforming Project Leader
Los Alamos National Laboratory
P.O. Box 1663, MST-11, MSJ579
Los Alamos, NM 87545

PH: 505-667-2823

FX: 505-665-9507
borup@lanl.gov
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Peter Bouwman

Assistant Research Professor
US Naval Academy — NRL
4555 Overlook Avenue, SW
Washington, DC 20375-5320
PH: 202-767-2631

FX: 202-767-3321
bouwman@nrl.navy.mil

David Bowen

Associate Chemical Engineer
Gas Technology Institute

1700 S. Mt. Prospect Road

Des Plaines, IL 60018

PH: 847-768-0896

FX: 847-768-0600
dave.bowen@gastechnology.org

Robert Bowman

Senior Engineer

Jet Propulsion Laboratory

4800 Oak Grove Drive, MS 79-24
Pasadena, CA 91109

PH: 818-354-7941

FX: 818-393-4878
robert.c.oowman- jr@jpl.nasa.gov

Lynnae Boyd

Senior Project Leader

NREL

1617 Cole Boulevard, MS1613
Golden, CO 80401

PH: 303-275-2995

FX: 303-275-2905
Lynnae_boyd@nrel.gov

Robert Boyd

Principal Engineer

BOC Gases

2389 Lincoln Avenue
Hayward, CA 94545

PH: 510-786-5903

FX: 510-786-5906
bob.boyd@us.gases.boc.com

Richard Bradshaw

Government Affairs Practice
Dykema Gossett, P.L.L.C.

1300 | Street, NW, Suite 300 West
Washington, DC 20005

PH: 202-906-8631

FX: 202-906-8669
rbradshaw@dykema.com
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Leslie Bromberg

MIT, NW16-108

77 Massachusetts Avenue
Cambridge, MA 02139
PH: 617-253-6919

FX: 617-253-0700
brom@psfc.mit.edu

Chris Brooks

Principal Scientist
Honda Research Institute
1381 Kinnear Road
Columbus, OH 43016
PH: 614-354-8204

FX: 614-340-6082
cbhrooks@ch.hra.com

Robert Brown

CSET, lowa State University

285 Metals Development Building
Ames, 1A 50011-3020

PH: 515-294-7934

FX: 515-294-3091
rchrown@iastate.edu

Marilyn Brown

Director EERE Program

Oak Ridge National Laboratory
1 Bethel Valley Road

Oak Ridge, TN 37831-6186
PH: 865-576-8152

FX: 865-576-7572
brownma@ornl.gov

John Bruce

Director Business Development
Cellex Power Products Inc.

13155 Delf Place

Richmond, BC V54 2E8 CANADA
PH: 604-248-3544

FX: 604-270-9304
jbruce@cellexpower.com

David Bruderly

Owner

Clean Power Engineering Company
920 SW 57th Drive

Gainesville, FL 32607-3838

PH: 352-377-0932
bruderly@aol.com
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Stanley Bull

Associate Director, Science & Tech.
NREL

1617 Cole Boulevard, MS 1731
Golden, CO 80401

PH: 303-275-3030

FX: 303-275-3097
stanley_bull@nrel.gov

Kenneth Butcher

VP of R&D

Porvair Fuel Cell Technology
700 Shepherd Street
Hendersonville, NC 28792
PH: 828-693-0256 x3359
FX: 828-697-7960
kbutcher@selee.com

Gordon Calundann

V-P. Celanes Ventures USA
98 Floral Avenue, Suite 202
Murray Hill, NJ 07974

PH: 908-508-1466

FX: 908-508-1468
calundann@mycomcast.com

Richard Carlin

Director, Mechanicsé& Energy Conv.
Office Naval Research

800 N. Quincy St, Code 333
Arlington, VA 22217

PH: 703-696-5075
carlinr@onr.navy.mil

Eric Carlson

Principal

TIAX, LLC

Acorn Park
Cambridge, MA 02140
PH: 617-498-5903
FX: 617-498-7295
carlson.e@tiax.hiz

Todd Carlson

Principal Product Engineer
Air Products & Chemicals, Inc.
7201 Hamilton Bldv.

Mailcode A5315

Allentown, PA 18195-1501
PH: 610-481-4217

FX: 610-481-3614
carlsote@apci.com
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James Caruso
Director/Vice President
Superior MicroPowders
3740 Hawkins, NE
Albuquerque, NM 87109
PH: 505-342-1492 ext.14
FX: 505-342-2168
caruso@smpl.com

Peter Castle

Scientific Fellow

INEEL

P.O. Box 1625, MS 2208
Idaho Falls, ID 83415
PH: 208-526-2364

FX: 208-526-8541
pmcl@inel.gov

Lucito Cataquiz

DOE, HFCIT

1000 Independence Ave. SW
Washington, DC 20585

PH: 202-586-0729

FX: 202-586-9811
lucito.cataquiz@ee.doe.gov

Wayne Causey, Jr.

Manager for Technology
Development for Comm
Mississippi State University ERC
P. 0. Box 9627

Mississippi, MS 39762

PH: 662-325-6613

FX: 662-325-7300
wcausey@cavs.msstate.edu

Gerard Ceasar

Program Manager

NIST Adv. Technology Program
100 Bureau Drive, Stop 4720
Gaithersburg, MD 20899

PH: 301-975-5069

FX: 301-548-1087
gceasar@nist.gov

Steven Chalk

Program Manager-Hydrogen & FCs
DOE, HFCIT

1000 Independence Ave., SW
Washington, DC 20585

PH: 202-586-3388

FX: 202-586-9811
steven.chalk@hq.doe.gov
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Benjamin Chao

Director

Texaco Ovonic Hydrogen Systems
2983 Waterview Drive

Rochester Hills, MI 48309

PH: 248-293-8772

FX: 248-299-4520
benchao@ovonic.com

Christopher Chen

Program Manager, ITM
Hydrogen/Syngas

Air Products and Chemicals, Inc.
7201 Hamilton Boulevard
Allentown, PA 18195

PH: 610-481-3315

FX: 610-706-6586
chencm@apci.com

Lei Chen

Research Engineer

UTRC

411 Silver Lane, MS129-30
East Hartford, CT 06108
PH: 860-610-7658

FX: 860-610-7253
ChenL1@utrcct.res.utc.com

Barry Chen
Research Scientist
ATMI

7 Commerce Drive
Danbury, CT 06810
PH: 203-207-9354
FX: 203-830-2123
bchen@atmi.com

Tan-Ping Chen

Vice President

Nexant

101 Second Street, 11th Floor
San Francisco, CA 94105

PH: 415-369-1077

FX: 415-369-0894
tpchen@nexant.com

William Chernicoff

US DOT-Volpe Center
55 Broadway

Cambridge, MA 02146
PH: 617-494-2758

FX: 617-494-3260
chernicoff@volpe.dot.gov
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Prashant Chintawar
Executive Director
Nuvera Fuel Cells, Inc.
35 Acorn Park
Cambridge, MA 02140
PH: 617-498-6577

FX: 617-498-6664
pchintawar@nuvera.com

Ben Choe

Research Professor
Mississippi State ERC
P. O. Box 9627
Mississippi, MS 39762
PH: 662-325-6613

FX: 662-325-7300
choe@erc.msstate.edu

Saemin Choi

Technology Manager
Visteon

17000 Rotunda Dr., YTC-D,
Suite B314

Dearborn, Ml 48120

PH: 313-755-1294
schoi5@visteon.com

Sara Choung

Assistant Chemical Engineer
Argonne National Laboratory
9700 S. Cass Avenue
Argonne, IL 60439-4837

PH: 630-252-3420

FX: 630-972-4454
choung@cmt.anl.gov

Helena Chum

NREL

1617 Cole Boulevard
Golden, CO 80401

PH: 303-275-2949

FX: 303-275-2905
helena_chum@nrel.gov

William Clapper

Executive Director

SunLine Transit Agency
32505 Harry Oliver Trail
Thousand Palms, CA 92276
PH: 760-343-3456
bclapper@sunline.org
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Thomas Clark

Manager Mechanical Systems
UTC Fuel Cells

195 Governors Highway
South Windsor, CT 06074

PH: 860-727-2287

FX: 860-998-9811
tom.clark@utcfuelcells.com

Leon Clarke

Energy Economist

LLNL

7000 East Avenue, L-644
Livermore, CA 94550

PH: 925-423-0348

FX: 925-423-7914
clarke10@lInl.gov

Max Clausen

Hydrogen Storage Program
Manager, Battelle - PNNL
P. O. Box 999, MSK2-18
Richland, WA 99352

PH: 509-375-2526

FX: 509-375-2167
max.clausen@pnl.gov

Simon Cleghorn

W. L. Gore and Associates
201 Airport Road,

P. 0. Box 1488

Elkton, MD 21922

PH: 410-506-7634

FX: 410-506-7633
scleghorn@wlgore.com

Robert Collier

Chief Technology Officer
Collier Technologies, LLC
681 Edison Way

Reno, NV 89502

PH: 775-857-1937

FX: 775-857-1938
kcollier@nrgtech.com

Chuck Collins

DER Program Manager

US DOE Seattle Regional Office
800 5th Avenue, Ste 3950
Seattle, WA 98104

PH: 206-553-2159

FX: 206-553-2200
chuck.collins@ee.doe.gov
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James Colton

Lab Director

SRI International

333 Ravenswood Avenue
Menlo Park, CA 94025
PH: 650-859-2208

FX: 650-859-2343
james_colton@sri.com

Alan Cooper

Principal Research Chemist

Air Products and Chemicals, Inc.
7201 Hamilton Boulevard,

MS R3102

Allentown, PA 18195-1501

PH: 610-481-2607

FX: 610-481-7719
cooperac@apci.com

Terry Copeland

Vice PresidentProduct
Development

Millennium Cell, Inc.

1 Industrial Way West,

Bldg E., Suite L

Eatontown, NJ 07724

PH: 732-544-5724
copeland@millenniumcell.com

John Corliss

Advanced Mechanical Technology
176 Waltham Street

Watertown, MA 02472

PH: 617-926-6700 x16

FX: 617-926-5045
johnc@amtimail.com

Bonnie Coughlin
Alliance for Democracy
260 Jesse Street
Sebastopol, CA 95472
PH: 707-829-8212

Mike Cox

CEO

Anaerobe Systems

15906 Concord Circle

Morgan Hill, CA 95037

PH: 408-782-7557
mcox@anaerobesystems.com

308

Robert Craig

Senior Business Analyst
Corning Incorporated Sullivan
Park, SP-FP-02-08

Corning, NY 14831

PH: 607-974-4378

FX: 607-248-1275
craigr@corning.com

Erin Cready

Senior Analyst

Sentech, Inc.

4733 Bethesda Avenue, Suite 608
Bethesda, MD 20814

PH: 301-941-2553

FX: 301-654-7832
ecready@sentech.org

Cecelia Cropley

Director, Materials/System
Engineering; Giner Electrochemical
Systems, LLC

89 Rumford Avenue

Newton, MA 02466-1311

PH: 781-529-0506

FX: 781-893-6470
ccropley@ginerinc.com

Michael Cummings
Business/Solutions Associate

Pew Center on Global Climate
Change

2101 Wilson Blvd., Suite 550
Arlington, VA 22201
michael.cummings@stanfordalumni
.0rg

Stefan Czernik

Senior Scientist

NREL

1617 Cole Boulevard
Golden, CO 80401

PH: 303-384-7703

FX: 303-384-6363
stefan_czernik@nrel.gov

David DaCosta

President

Ergenics, Inc.

373 Margaret King Avenue
Ringwood, NJ 07456

PH: 973-728-8815

FX: 973-728-8864
dacosta@ergenics.com
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Hongli Dai

Senior Research Engineer
DuPont

18 Harvest Lane

Kockessin, DE 19707

PH: 302-695-6912

FX: 302-659-7342
hongli.dai@usa.dupont.com

Ralph Dalla Betta

CTO & VP of R&D
Catalytica Energy Systems
430 Ferguson Drive

Mt. View, CA 94043

PH: 650-940-6288

FX: 650-956-4345
rad@catalyticaenergy.com

Ashok Damle

Research Chemical Engineer
Research Triangle Institute

P.O. Box 12194

Research Triangle Park, NC 27709
PH: 919-541-6146

FX: 919-541-8000

adamle@rti.org

Roxanne Danz

Technology Development Manager
DOE, HFCIT

1000 Independence Avenue, SW
Washington, DC 20585

PH: 202-586-7260

FX: 202-586-9811
roxanne.danz@ee.doe.gov

Zissis Dardas

UTRC

411 Silver Lane

East Hartford, CT 06108
PH: 860-610-7371

FX: 860-610-7253
dardasz@utrc.utc.com

Michele Davies

Manager, Marketing & Govt Rel.
HyRadix, Inc.

175 W. Oakton Street

Des Plaines, IL 60018

PH: 847-375-7094

FX: 847-391-2596
Michele.Davies@HyRadix.com
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Patrick Davis

DOE, HFCIT

1000 Independence Avenue, SW
Washington, DC 20585

PH: 202-586-8061

FX: 202-586-9811
patrick.davis@hg.doe.gov

Danny Day

President, Eprida Scientific Carbons
6300 Powers Ferry Road, Suite 307
Atlanta, GA 30339

PH: 404-228-8687

FX: 208-247-2475
danny.day@eprida.com

Emory De Castro

General Manager

De Nora N.A., E-TEK Division

39 Veronica Avenue

Somerset, NJ 08873

PH: 732-545-5100 x 114

FX: 732-545-5170
emory.decastro.etek@denora.com

Lutgard De Jonghe
Professor

LBNL MSD Building 62-245
Berkeley, CA 94720

PH: 510-486-6138

FX: 510-486-4881
dejonghe@lIbl.gov

Mary-Rose de Valladares

VP Government Business Dev.
Virent Energy Systems

5515 Spruce Tree Avenue
Bethesda, MD 20814

PH: 301-530-6591

FX: 301-530-2795
mrsenter@comcast.net

Mark Debe

3M Company
201-2N-19

Saint Paul, MN 55144
PH: 651-736-9563
FX: 651-753-0648
mkdebel@mmm.com

Steven Dec

Colorado School of Mines
1500 lllinois Street
Golden, CO 80401

PH: 303-384-2109

FX: 303-273-3629
sdec@mines.edu
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Daniele Dedrick

Technical Staff

Sandia National Laboratories
7011 East Avenue, MS 9409
Livermore, CA 94551

PH: 925-294-1552

FX: 925-294-3870
dededri@sandia.gov

Roxanne Dempsey

Clean Cities, DOE-SRO

800 Fifth Ave. Suite 3950
Seattle, WA 98104

PH: 206-553-2155
roxanne.dempsey@ee.doe.gov

Xunming Deng

Professor

University of Toledo

2801 W. Bancroft Street, MS 111
Toledo, OH 43606

PH: 419-530-4782

FX: 419-530-2723
dengx@physics.utoledo.edu

Peter Devlin

DOE, HFCIT

1000 Independence Ave, SW
Washington, DC 20585

PH: 202-586-4905

FX: 202-586-9811
peter.devlin@ee.doe.gov

Subhash Dhar

President

Ovonic Battery Company
1707 Northwood

Troy, MI 48084

PH: 248-362-1750

FX: 248-362-0332
clamarre@ovonic.com

Anthony Dickman
Consulting Engineer
InnovaTek, Inc.

350 Hills Street, Suite 104
Richland, WA 99352

PH: 541-390-5131

FX: 541-375-5183
tdickman@protarus.com


mailto:tdickman@protarus.com
mailto:clamarre@ovonic.com
mailto:peter.devlin@ee.doe.gov
mailto:dengx@physics.utoledo.edu
mailto:roxanne.dempsey@ee.doe.gov
mailto:dededri@sandia.gov
mailto:sdec@mines.edu
mailto:mkdebe1@mmm.com
mailto:mrsenter@comcast.net
mailto:dejonghe@lbl.gov
mailto:emory.decastro.etek@denora.com
mailto:danny.day@eprida.com
mailto:patrick.davis@hq.doe.gov
mailto:Michele.Davies@HyRadix.com
mailto:dardasz@utrc.utc.com
mailto:roxanne.danz@ee.doe.gov
mailto:adamle@rti.org
mailto:rad@catalyticaenergy.com
mailto:hongli.dai@usa.dupont.com

Gunther Dieckmann
Senior Research Chemist
ChevronTexaco

100 Chevron Way
Richmond, CA 94802

PH: 510-242-2218

FX: 510-242-2823
ghdi@chevrontexaco.com

Charles Diep

Senior Consultant, E5
2400 East Katella Avenue,
Suite 350

Anaheim, CA 92806-5923
PH: 714-978-3800

FX: 174-978-3828
cdiep@e5.com

Neal Dikeman

Partner

Jane Capital Partners

505 Montgomery, Second Floor
San Francisco, CA 94111

PH: 415-277-0176

FX: 415-277-0173
dikeman@janecapital.com

Frank Dimeo
Senior Scientist
ATMI

7 Commerce Drive
Danbury, CT 06810
PH: 203-794-1100
fdimeo@atmi.com

Gary Dixon

Manager, Special Assignments
South Coast Air Quality
Management District

21865 E. Copley Drive
Diamond Bar, CA 91765-4182
PH: 909-396-2238

FX: 909-396-2099
gdixon@agmd.gov

Wojtek Dmowski

University of Pennsylvania
3231 Walnut Street
Philadelphia, PA 19104-6272
PH: 215-898-9645

FX: 215-573-2128
dmowski@Irsm.upenn.edu
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Clark Dong

CEO

3E Systems

780 Montague Expy, #305
San Jose, CA 95131

PH: 408-373-7562

FX: 408-383-9092
clarkd@3esystems.com

Yi Dong

Intematix

351 Rheem Blvd
Moraga, CA 94556
PH: 925-631-9005
FX: 925-631-7892

Alan Dunker

Principal Research Scientist
General Motors R&D

30500 Mound Road,

MC 480-106-269

Warren, Ml 48090-9055

PH: 586-986-1625

FX: 586-986-1910
alan.m.dunker@gm.com

Carl Dupre

Senior Engineering Manager
KSE Inc.

P.O. Box 368

Amherst, MA 01004

PH: 413-549-5506

FX: 413-549-5788
kseinc@aol.com

Durai Duraiswamy

Staff Engineer
ChevronTexaco

100 Chevron Way
Richmond, CA 94802

PH: 510-242-1560

FX: 510-242-2823
kdur@chevrontexaco.com

David Earls

Senior Technology Advisor
ChevronTexaco Tech. Ventures
100 Chevron Way

Richmond, CA 94802

PH: 510-242-4816

FX: 510-242-3582
dearls@chevrontexaco.com
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Glenn Eisman

Chief Technology Officer

Plug Power Inc.

968 Albany-Shaker Road
Latham, NY 12110

PH: 518-782-7700

FX: 518-782-7884
glenn_eisman@plugpower.com

Carolyn Elam

NREL

1617 Cole Boulevard
Golden, CO 80401

PH: 303-275-2925

FX: 303-275-2905
carolyn_elam@nrel.gov

Robert Enick

Professor of Chemical Engineering
US DOE NETL Orise Facully
Chem. Eng, 1249 Benedum Hall
Pittsburgh, PA 15261

PH: 412-624-9649

FX: 412-624-9639
enick@engr.pitt.edu

Kathi Epping

DOE, HFCIT

1000 Independence Ave., SW
Washington, DC 20585

PH: 202-586-7425

FX: 202-586-9811
kathi.epping@hg.doe.gov

Erich Erdle

DaimlerChrysler

RBP/A Friedrichshafen
GERMANY D-88039

PH: 1-7545-82144

FX: 1-7545-814292
erich.erdle@daimlerchrysler.com

William Ernst

Vice President and Chief Scientist
Plug Power Inc.

968 Albany-Shaker Road

Latham, NY 12110

PH: 518-782-7700

FX: 518-782-7884
william_ernst@plugpower.com
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Leslie Eudy

Project Leader

NREL

1617 Cole Boulevard
Golden, CO 80401
PH: 303-275-4412
FX: 303-275-4415
leslie_eudy@nrel.gov

Bob Evans

Manager, Hydrogen Tech &
Systems Group

NREL

1617 Cole Boulevard, MS1613
Golden, CO 80401

PH: 303-275-3708

FX: 303-275-2905
bob_evans@nrel.gov

James Ewan

Hydrogen Systems Program
Manager

Hawaii Natural Energy Institute
1680 East West Road, Post 109
Honolulu, HI 96822

PH: 808-956-2537

FX: 808-956-2335
ewan@hawaii.edu

Scott Fable

Engineering Consultant

TIAX LLC

1601 S. De Anza Blvd., Suite 100
Cupertino, CA 95014

PH: 408-517-1558

FX: 408-517-1553
fable.scott@tiax.biz

Matthew Fairlie

Vice President

Stuart Energy Systems
5101 Orbitor Drive
Toronto, Ontario L4W 4V1
CANADA

PH: 905-282-7739

FX: 905-282-7708
mfairlie@stuartenergy.com

Carlos Faz

Research Engineer
Catalytica Energy Systems
430 Ferguson Drive, B#3
Mountain View, CA 94043
PH: 650-940-6345

FX: 650-965-4345
cef@catalyticaenergy.com
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Edward Feinberg

Decision Support/Energy Consulting
9 Oak Hill Road

Chappaqua, NY 10514

PH: 914-238-8896
ed.feinberg@verizon.net

Joseph Fellner

Senior Chemical Engineer

USAF AFRL/PRDS,

1950 Fifth Street, Bldg 18G, Rm33
WrightPatterson AFB, OH 45433-
7251

PH: 937-255-4225

FX: 937-656-7529
joseph.fellner@wpafh.af.mil

George Fenske

Tribology Section Manager
Argonne National Laboratory
9700 S. Cass Avenue, ET/212
Argonne, IL 60439

PH: 630-252-5190

FX: 630-252-4798
gfenske@anl.gov

Juan Ferrada

Principal Investigator

ORNL

Bethel Valley Road, P. O. Box 2008
Oak Ridge, TN 37831-6180

PH: 865-574-4998

FX: 865-241-2973
ferradajj@ornl.gov

Gene Ferris

President

Mountain Utilities, LLC
P. O. Box 205
Kirkwood, CA 95646
PH: 209-258-7332

FX: 209-258-7345
gferris@kirkwood.com

Karl Fiegenschuh

Manager, Freedom Car Technology
Ford Motor Company

P. O. Box 2053 Scientific Research
Lab, MD #2247

Dearborn, Ml 48121

PH: 313-337-3125

FX: 313-594-7303
kfiegens@ford.com
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Bruce Figi

Program Manager Honeywell
Sensing & Control

11 W. Spring Street

Freeport, IL 61032

PH: 815-235-6769

FX: 815-233-2761
bruce.figi@honeywell.com

Christopher Fischer
Research Engineer

PNNL

P.O. Box 999, MSIN: K6-24
Richland, WA 99352

PH: 509-372-8710

FX: 509-376-3108
christopher.fischer@pnl.gov

Allison Fisher

Principal Staff Scientist
Motorola Labs

7700 South River Parkway
Tempe, AZ 85254

PH: 480-755-5037

FX: 480-755-51651
cpd402@motorola.com

Frank Fitch

Section Director Materials, PGS
Technology

The BOC Group, Inc.

100 Mountain Avenue

Murray Hill, NJ 07974

PH: 908-771-6160
FX:908-771-6442

frank.fitch @us.gases.boc.com

Mike Flaherty

Lead Zoning & Dev. Manager
BP Global Alliance

4 Centerpoint Drive

La Palma, CA 90623

PH: 714-670-5132

FX: 714-690-2421
flahermt@bp.com

Thomas Flasch
Retired - BP Amoco
35 Robin Hill Drive
Naperville, IL 60540
PH: 630-369-8129
tiflasch@att.net
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Pete Fonda-Bonardi
Meriut, Inc.

1450 23rd Street

Santa Monica, CA 90404
PH: 310-453-3259

FX: 310-828-5030
fbarch@concentric.net

Michel Foure

Director of Strategic Research
Atofina

900 First Avenue

King of Prussia, PA 19087
PH: 610-878-6790

FX: 610-878-6298
michel.foure@atofina.com

Brice Freeman

Project Manager, Dist. Resources
EPRI

3412 Hillview Avenue

Palo Alto, CA 94304

PH: 650-855-1050
bfreeman@epri.com

Nidia Gallego

Research Staff, ORNL

1 Bethel Valley Road, MS 6087
Oak Ridge, TN 37831-6087
PH: 865-241-9459

FX: 865-576-8424
gallegonc@ornl.gov

Jennifer Gangi

Program Manager

Fuel Cells 2000

1625 K Street, NW, Suite 725
Washington, DC 20006

PH: 202-785-4222 x 17

FX: 202-785-4313
jennifer@fuelcells.org

Todd Gardner

Chemical Engineer

NETL

3610 Collins Ferry Road
Morgantown, WV 26507-0880
PH: 304-285-4226

FX: 304-285-4403
todd.gardner@netl.doe.gov

FY 2003 Merit Review
and Peer Evaluation

Nancy Garland

Technology Development Manager
DOE, HFCIT

1000 Independence Avenue, SW
Washington, DC 20585

PH: 202-586-5673

FX: 202-586-9811
nancy.garland@ee.doe.gov

Buddy Garland

Program Manager

Department of Energy

1000 Independence Avenue, SW
Washington, DC 20585

PH: 202-586-5747

FX: 202-586-9234
buddy.garland@ee.doe.gov

Bobi Garrett

Associate Director

NREL

1617 Cole Boulevard, MS-1732
Golden, CO 80401

PH: 303-275-3070

FX: 303-275-3097
bobi_garrett@nrel.gov

Fernando Garzon

Technical Staff Member

Los Alamos National Laboratory
Bikini Atoll Rd., SM 30, MS D429
Los Alamos, NM 87545

PH: 505-667-6643

FX: 505-665-4292
garzon@lanl.gov

Mark Gee

Senior Engineer
Honeywell International
2525 W. 190th Street
Torrance, CA 90504

PH: 310-512-3606

FX: 310-512-4998
mark.gee@honeywell.com

Andrew Gentile
Montana Tech

1300 West Park Street
Butte, Montana 58701
PH: 406-496-4569

FX: 406-496-4650
agentile@mtech.edu
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Bernadette Geyer

Director of Outreach Programs
US Fuel Cell Council

1625 K Street, NW, Suite #725
Washington, DC 20006

PH: 202-293-5500

FX: 202-785-4313
bernie@usfcc.com

Maria Ghirardi

Senior Scientist

NREL

1617 Cole Boulevard
Golden, CO 80401

PH: 303-384-6312

FX: 303-384-6150
maria_ghirardi@nrel.gov

Thomas Gibson

Staff Research Scientist
General Motors Corp.
30500 Mound Road,

(m/c 480-106-269)
Warren, MI 48090-9055
PH: 586-986-1615

FX: 586-986-1910
thomas.l.gibson@gm.com

Woody Gibson

Vice President

Alturdyne

505 Montgomery, Second Flr
San Francisco, CA 94111
PH: 415-277-0179

FX: 415-277-0173
gibson@janecapital.com

Franz Gingl

Senior Research Scientist

Texaco Ovonic Hydrogen Systems,
LLC

2983 Waterview Drive

Rochester Hills, MI 48309

PH: 248-379-3027

FX: 781-240-8118
gingl@ovonic.com

Robert Glass

Associate Program Leader
LLNL

7000 East Ave. L-644
Livermore, CA 94550

PH: 925-423-7140

FX: 925-423-7914
glass3@linl.gov
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James Gleeson

Account Manager, Office of
Technology Transfer

Argonne National Laboratory
9700 S. Cass Avenue, Bldg. 201
Argonne, IL 60439

PH: 630-252-6055

FX: 630-252-5230
gleeson@anl.gov

Scott Goldshorough

Member Technical Staff
Sandia National Laboratories
7011 East Avenue
Livermore, CA 94551

PH: 925-294-4903

FX: 925-294-1322
sgoldsh@sandia.gov

Andy Green

VP Business Development
FST Energy Inc.

601 Van Ness Ave

San Francisco, CA 94102
PH: 510-524-8882
a.green@fstenergy.com

Sig Gronich

Technology Validation Manager
DOE, HFCIT

1000 Independence Ave., SW
Washington, DC 20585

PH: 202-586-1623

FX: 202-586-9811
sigmund.gronich@hg.doe.gov

Karl Gross

Principal Investigator

Sandia National Laboratories
P.O. Box 969, MS 9403
Livermore, CA 94551-0969
PH: 925-294-4639

FX: 925-294-3410
kjgross@sandia.gov

Raghubir Gupta
Research Director
RTI

3040 Cornwallis Road
RTP, NC 27709

PH: 919-541-8023
FX: 919-541-8000
gupta@rti.org
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Bogdan Gurau
Electrochemist

Superior MicroPowders
3740 Hawkins NE
Albuquerque, NM 87109
PH: 505-342-1492 x50
FX: 505342-2168
bogdan@smpl.com

David Guro
Product Manager

Air Products and Chemicals, Inc.

7201 Hamilton Blvd.
Allentown, PA 18195
PH: 610-481-4625
gurode@apci.com

Maciej Gutowski

Staff Scientist

PNNL

P. O. Box 999 K1-83
Richland, WA 99352

PH: 509-375-4387

FX: 509-375-4381
maciej.gutowski@pnl.gov

David Haberman

GTI

P. O. Box 1922

Canyon Country, CA 91386
PH: 661-298-2622

FX: 661-298-2664
energy@ifllc.net

Richard Hagan

Managing Partner
Mechanology

4250 El Camino Real A-106
Palo Alto, CA 94306

PH: 650-320-9033

FX: 650-320-9033
rich@mechanology.com

Michael Hampton

Professor

University of Central Florida
Department of Chemistry
Orlando, FL 32816

PH: 407-823-2136

FX: 407-823-2252
mhampton@mail.ucf.edu
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Kristina Haraldsson

Engineer Il

NREL

1617 Cole Boulevard, MS1633
Golden, CO 80401

PH: 303-275-4436

FX: 303-275-4415
kristina_haraldsson@nrel.gov

Donald Hardesty
Deputy Director,
Combustion & Industrial Technology
Sandia National Laboratories
7011 East Avenue, MS 9054
Livermore, CA 94550

PH: 925-294-2321

FX: 925-294-2276
drharde@sandia.gov

Mason Harrup

Staff Scientist

INEEL

P.O. Box 1625

Idaho Falls, ID 83415-2208
PH: 208-526-1356

FX: 208-526-8541
harrmk@inel.gov

Joseph Hartvigsen

Senior SOFC Program Engineer
CERAMATEC, Inc.

2425 S. 900 West

Salt Lake City, UT 84119

PH: 801-978-2163

FX: 801-972-1925
jih@ceramatec.com

Steven Haycock

Advanced Business Development
Freudenberg-NOK

46119 Pickford

Northville, MI 48167

PH: 734-354-5410

FX: 734-451-2547
sxh@fngp.com

Alice He

Senior Research Engineer
ChevronTexaco Energy Res & Tech
Company

P. 0. Box 1627

Richmond, CA 94802

PH: 510-242-5628

FX: 510-242-2893
azhe@chevrontexaco.com
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Ting He

Principal Scientist

Honda Research Institute
1381 Kinnear Road, Suite 116
Columbus, OH 43212

PH: 614-340-6091

FX: 614-340-6082
the@honda-ri.com

Michael Heben

NREL

1617 Cole Boulevard
Golden, CO 80401

PH: 303-384-6641

FX: 303-384-6655
michael_heben@nrel.gov

Robert Heffley

Project Manager

Hyradix Inc.

175 W. Oakton Street

Des Plaines, IL 60018

PH: 847-391-2227

FX: 847-391-2596
robert.heffley@hyradix.com

David Henderson

General Engineer - DOE
1000 Independence Ave SW
Germantown, Bldg NE-20
Washington, DC 20585-1290
PH: 301-903-3097

FX: 301-903-5057
david.henderson@hgq.doe.gov

Andrew Herring

Assistant Research Professor
Colorado School of Mines
1500 lllinois Street,

Chemical Engineering
Golden, CO 80401-1887

PH: 303-384-2082

FX: 303-273-3730
aherring@mines.edu

Stephen Herring
Consulting Engineer
INEEL

P. O. Box 1625, MS 3860
Idaho Falls, ID 83415-3860
PH: 208-526-9497

FX: 208-526-2930
sth@inel.gov
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Leung Heung
Senior Advisory Engineer

Savannah River Technology Center

773-A, C-149, Savannah River Site
Aiken, SC 29808

PH: 803-725-3161

FX: 803-725-2756
leung.heung@srs.gov

James Hill

Managing Partner
TechScope, LLC

1 Doubletree Lane
St. Louis, MO 63131
PH: 314-965-5394
FX: 314-965-1539
jchillol@earthlink.net

Shinichi Hirano

Staff Technical Specialist, Fuel Cell
Ford Motor Company

15000 Commerce Drive, SMTL-2
Dearborn, MI 48322

PH: 313-323-0783

FX: 313-322-5520
shirano4@ford.com

Winston Ho

Professor

Ohio State University

140 West 19th Ave

Dept of Chem Eng
Columbus, OH 43210-1180
PH: 614-292-9970

FX: 614-292-3769
ho@che.eng.ohio-state.edu

Ray Hobbs

Senior Consulting Engineer
Pinnacle West Capital Corp.
400 N 5th Street, MS2624
Phoenix, AZ 85003

PH: 602-250-1510

FX: 602-256-2606

raymond.hobbs@pinnaclewest.com

Susan Hock

Electric & Hydrogen Systems
Center Director

NREL

1617 Cole Boulevard
Golden, CO 80401

PH: 303-275-3616

FX: 303-275-2905
susan_hock@nrel.gov
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Kinji Hodaira

Senior Staff Engineer

DENSO International America
24777 Denso Drive

Southfield, MI 48086

PH: 248-372-8704

FX: 248-213-2451
kinji_hodaira@denso-diam.com

Bruce Holcom

Business Dev Manager
RKI Instruments Inc.

1855 Whipple Road
Hayward, CA 94544

PH: 510-441-5656 ext 45
FX: 510-441-5650
bruce@rkiinstruments.com

Jong Hong

Senior Research Engineer
Hyundai Motor Company

772-1, Jangduk-Dong,
Whasung-Si, Gyunggi-Do 445-706
S. Korea

PH: 82-31-369-7087

FX: 82-31-369-7622
jonghong@hyundai- motor.com

Douglas Hooker

Project Manager
Department of Energy
1617 Cole Boulevard
Golden, CO 80401

PH: 303-275-4780

FX: 303-275-4753
doug.hooker@go.doe.gov

Haoran Hu

Chief Technologist

Eaton Corporation

26201 Northwestern Highway
Southfield, MI 48037

PH: 248-354-2877

FX: 248-354-2739
haoranhu@eaton.com

Cunping Huang

Research Associate

Florida Solar Energy Center
1679 Clearlake Road

Coco, FL 32922

PH: 321-638-1505

FX: 321-638-1010
chuang@fsec.ucf.edu
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Kevin Hurst

Executive Office of the President,
OSTP

1650 Pennsylvania Ave. NW,
Rm 431

Washington, DC 20502

PH: 202-456-6066

FX: 202-456-6021
khurst@ostp.eop.gov

Michael Inbody

Los Alamos National Laboratory
P.O. Box 1663, MST-11, J576
Los Alamos, NM 87545

PH: 505-665-7853

FX: 505-665-9507
inbody@lanl.gov

Lauren Inouye

Research Analyst

Sentech, Inc.

4733 Bethesda Avenue, Suite 608
Bethesda, MD 20814

PH: 301-654-7224

FX: 301-654-7832
linouye@sentech.org

Patricia Irving

President & CEO
InnovaTek, Inc.

350 Hills Street, Suite 104
Richland, WA 99352

PH: 509-375-1093

FX: 509-375-5183
irving@tekkie.com

William Isherwood, Ph.D.
Consultant - Energy Options

88 Jianguo St, New Town, Bldg 1,
No. 904

Chaoyang District,

Beijing 100022 CHINA

PH: 1352-036-3354 (mobile)

FX: 925-254-0739
billisherwood@earthlink.net

Toshikazu Ishihara

Engineering Manager

Sanyo North America Corporation
2010 North First Street, Suite 500
San Jose, CA 95131

PH: 408-501-1307

FX: 408-441-6543
tishihara@sna.sanyo.com
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David Jacobson

NIST

100 Bureau Drive, Stop 8461
Gathershurg, MD 20899-8461
PH: 301-975-6207

FX: 301-926-1604
jacobson@nist.gov

Frank Jakob
Commercialization Manager
Battelle-Energy Products
505 King Avenue
Columbus, OH 43201

PH: 614-424-5326

FX: 614-424-3534
jakob@battelle.org

Brian James

Research Director

Directed Technologies Inc.

3601 Wilson Boulevard, Suite 650
Arlington, VA 22201

PH: 703-243-3383

FX: 703-243-2724

brian_james@directedtechnologies.

com

Craig Jensen

Professor

University of Hawaii
Department of Chemistry
Honolulu, HI 96822

PH: 808-956-2769

FX: 808-956-5908
jensen@gold.chem.hawaii.edu

Gilbert Jersey

Section Head, Advanced Fuek
Engine Sci Section

ExxonMobil Res. and Engin. Co.
1545 Route 22 East, Room LH350
Annandale, NJ 08801

PH: 908-730-3728

FX: 908-730-3344
gilbert.r.jersey@exxonmobil.com

David Johnson

Program Manager

Oak Ridge National Laboratory
1 Bethel Valley Road

Oak Ridge, TN 37831-6066
PH: 865-576-6832

FX: 865-5746098
johnsondr@ornl.gov
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William Johnson
Associate

W.L. Gore & Associates
201 Airport Road
Elkton, MD 21922-1488
PH: 410-506-7567

FX: 410-506-7633
wjohnson@wlgore.com

Edwin Johnson

643 Chevenne Drive
Sunnyvale, CA 94087
PH: 408-691-5159
eddjohnson@att.net

Russell Jones
Laboratory Fellow
PNNL

P.O. Box 999
Richland, WA 99352
PH: 509-376-4276
FX: 509-376-0418
rh.jones@pnl.gov

Karl Jonietz

Fuel Cell Hydrogen Program
Los Alamos National Laboratory
Bikini Atoll Rd., SM 30, MS D429
Los Alamos, NM 87545

PH: 505-667-1311
kjonietz@Ilanl.gov

Scott Jorgensen

Staff Research Engineer
GM

30500 Mound Road,

MS 480-106-160

Warren, MI 48090-9055
PH: 586-986-1915

FX: 586-986-9055
scott.w.jorgensen@gm.com

Naluahi Kaahoaina

Deputy Director, AESL
Stanford University Bldg. 520
Stanford, CA 94305

PH: 650-724-7476

FX: 650-723-1748
nalu@navier.stanford.edu

Andrew Kaldor Manager
Exxonmobil Res & Engin. Co.
1545 Route 22 East, Clinton Twp.
Annandale, NJ 08801

PH: 908-730-2275

FX: 908-730-3323
a.kaldor@exxonmobile.com
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Matthew Kauffman

DOE, HFCIT

1000 Independence Ave., SW
Washington, DC 20585

PH: 202-586-5824

FX: 202-586-9811
matthew.kauffman@ee.doe.gov

Maurice Kaya

Chief Technology Offcer

State of Hawaii, DBEDT, Energy
Res & Tech

235 South Beretania Street, #502
Honolulu, HI 96813

PH: 808-587-3807

FX: 808-586-2536
mkaya@dbedt.hawaii.gov

Jay Keller

Manager, Engine Combustion &
Hydrogen Energy

Sandia National Laboratories

P. 0. Box 969, MS 9053
Livermore, CA 94551-0969

PH: 925-294-3316

FX: 925-294-1004
jokelle@sandia.gov

John Kerr

Program Manager

LBNL

1 Cyclotron Road, MS 620 R0203
Berkeley, CA 94720

PH: 510-486-6279

FX: 510-486-4260

jbkerr@Ibl.gov

Jeffrey Kerr

Business Dev. Project Manager
Wah Chang

3093 Ridgeway Drive, SE
Turner, OR 97392

PH: 503-743-2346
jeff_w_kerr@yahoo.com

George Kervitsky

Project Manager

Sentech, Inc.

4733 Bethesda Avenue, Suite 608
Bethesda, MD 20814

PH: 301-961-4922

FX: 301-654-7832
gkervitsky@sentech.org
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Moe Khaleel

Lab Fellow & Director

Hydrogen & Transportation Pgms
PNNL

P.O. Box 999

Richland, WA 99352

PH: 509-375-2438

FX: 509-375-6605
moe.khaleel@pnl.gov

Samir Khanal

Post Doc Resesarch Associate
lowa State University

394 Town Eng Building

Ames, 1A 50011-3232

PH: 515-294-7089

FX: 515-294-8216
samirk@iastate.edu

Deborah Kielian

Senior Project Leader
NREL

1617 Cole Boulevard
Golden, CO 80401

PH: 303-275-4613

FX: 303-275-4415
deborah_kielian@nrel.gov

David King

Chief Scientist
Battelle-PNNL

902 Batelle Blvd
Richland, WA 99352
PH: 509-375-3908
david.king@pnl.gov

Eleonora Kisilis

Strategic Business Dev. Manager
UTRC

411 Silver Lane

East Hartford, CT 06108

PH: 860-610-7816

FX: 860-660-1201
kisilied@utrc.utc.com

Lennie Klebanoff

Sandia National Laboratories
P. O. Box 969, MS 9409
Livermore, CA 94551

PH: 925-294-3471

FX: 925-294-3870
lekleba@sandia.gov
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Alan Kleiman

Graduate Student

UC Santa Barbara

UC Santa Barbara, Eng/ll RM 3357
Goleta, CA 9316

PH: 805-893-4209 x2151

FX: 805-893-4731
akleiman@engr.ucsh.edu

Brian Knight

Principal Research Scientist
UTRC

411 Silver Lane, MS 129-30
East Hartford, CT 06108
PH: 860-610-7293

FX: 860-660-1204
knightba@utrc.utc.com

Brian Koeppel

Science and Engineering Associate
PNNL

P. 0. Box 999

Richland, WA 99352

PH: 509-372-6816

FX: 509-375-6736
brian.koeppel@pnl.gov

Muneaki Kojima

Deputy Manager

J-Power

1101 17th Street, NW, Suite 802
Washington, DC 20036

PH: 202-429-8881

FX: 202-429-1660
mkojima@epdc.com

John Kopasz

Argonne National Laboratory
9700 S. Cass Avenue
Argonne, IL 60439-4837

PH: 630-252-7531

FX: 630-972-4405
kopasz@cmt.anl.gov

Jack Kosek

Director, Energy Conversion
Giner Electrochemical Systems,
LLC

89 Rumford Avenue

Newton, MA 02466-1311

PH: 781-529-0505

FX: 781-893-6470
jkosek@ginerinc.com
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Kazuo Koseki

Director of Res. Engin.
Advancement Assoc of Japan
1-4-6 Nishi-shinbashi

Minato-ku, Tokyo 105-0003 JAPAN
PH: 81-3-3502-4444

FX: 81-3-3502-4964
koseki@enaa.or.jp

Dilip Kotak

Principal Officer

NRC Canada

3260 East Mall

Vancouver, BC V6T 1W5 CANADA
PH: 604-221-3045

FX: 604-221-3001
dilip.kotak@nrc-cnrc.gc.ca

Dennis Kountz

Senior Research Associate
Dupont FCs

Chestnut Run Plaza 701-101
Wilmington, DE 19880-0701

PH: 302-999-3354

FX: 302-999-3415
dennis.j.kountz@usa.dupont.com

Brady Krass

Project Engineer

Advanced Mechanical Technology
176 Waltham Street

Watertown, MA 02472

PH: 617-926-6700

FX: 617-926-5045
bradyk@amtimail.com

Theodore Krause

Chemical Engineer

Argonne National Laboratory
9700 S. Cass Avenue
Argonne, IL 60439

PH: 630-252-4356

FX: 630-972-4463
krause@cmt.anl.gov

Martin Krongold

Business Manager

Air Liquide America L.P.

200 Chastain Center Blvd,
Suite 295

Kennesaw, GA 30194

PH: 678-354-8219

FX: 678-354-8290
marty.krongold@airliquide.com

FY 2003 Merit Review
and Peer Evaluation

Romesh Kumar

Argonne National Laboratory
9700 S. Cass Avenue
Argonne, IL 60439

PH: 630-252-4342

FX: 630-252-4176
kumar@cmt.anl.gov

Ravi Kumar

Group Leader, Fuel Processing
GE

18 Mason

Irvine, CA 92618

PH: 949-859-8851 x159

FX: 949-859-3194
ravi.kumar@ps.ge.com

Hyuck-Youl Kwon

Res. Engineer Hyundai Motor Co.
772-1 Jangduk-Dong Whasung-Si,
Gyunggi-Do 445-706 KOREA

PH: 82-31-369-7083

FX: 82-31-369-7622
fuelcell@hyundai- motor.com

Thora Lares

Alliance for Democracy
9094 Old Redwood Hwy
Cotati, CA 94931

PH: 707-795-1950

Stephen Lasher

TIAX LLC

15 F Acorn Park
Cambridge, MA 02140
PH: 617-498-6108

FX: 617-498-7054
lasher.stephen@tiax.hiz

Francis Lau

Director,

Gasification Gas Tech. Inst.
1700 S. Mount Prospect Road
Des Plaines, IL 60018

PH: 847-768-0592

FX: 847-768-0600
francis.lau@gastechnology.org

David Lawrence

Business Operations Director
FST Energy

316 Eldridge Avenue

Mill Valley, CA 94941

PH: 415-383-8705
d.lawrence@fstenergy.com
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James Lee

Staff Scientist

Oak Ridge National Laboratory
4500N, Room A16, MS-6194
Oak Ridge, TN 37831-6194
PH: 865-574-1208

FX: 865-574-1275
leejw@ornl.gov

Benson Lee

President

Technology Management, Inc.
9718 Lake Shore Boulevard
Cleveland, OH 44108

PH: 216-541-1000

FX: 216-541-1000
tmi@stratos.net

Paul Lessing

Senior Advisory Scientist
INEEL

2525 Fremont Avenue
Idaho Falls, ID 83415-2218
PH: 208-526-8776

FX: 208-526-0690
pal2@inel.gov

Allan Lewandowski

Senior Engineer

NREL

1617 Cole Boulevard, MS2714
Golden, CO 80401

PH: 303-384-7470

FX: 303-384-7495
allan.lewandowski@nrel.gov

Wen Li

Senior Engineer

Toyota Tech Center, U.S.H., Inc.
1555 Woodridge, RR#7

Ann Arbor, MI 48105

PH: 734-995-3165

FX: 734-995-3684
wli@ttc-usa.com

Yi-Qun Li
President

Intematix Corp

351 Rheem Blvd
Moraga, CA 94556
PH: 925-631-9005
FX: 925-631-7892
ygli@intematix.com
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Valri Lightner

DOE, HFCIT

1000 Independence Ave., SW
Washington, DC 20585

PH: 202-586-0937

FX: 202-586-9811
valri.lightner@ee.doe.gov

Santosh Limaye
President

LoTEC, Inc.

4755 Alta Rica Drive
La Mesa, CA 91941
PH: 619-749-2050
FX: 815-346-1730
santosh@limaye.net

Clovis Linkous

Senior Research Scientist
Florida Solar Energy Center
1679 Clearlake Road
Cocoa, FL 32922-5703

PH: 321-638-1447

FX: 321-638-1010
calink@fsec.ucf.edu

William Liss

Associate Director

Gas Technology Institute
1700 S. Mt. Prospect Road
Des Plaines, IL 60018

PH: 847-768-0753

FX: 847-768-0501

william.liss@gastechnology.org

David Littlejohn
Staff Scientist
LBNL

1 Cyclotron Road, MS70R108B

Berkeley, CA 94720
PH: 510-486-7598
FX: 510-486-7303
dlittlejohn@Ibl.gov

Helen Liu

R&D Engineer

Catalytica Energy Systems
430 Ferguson Drive
Mountain View, CA 94043
PH: 650-940-6277

FX: 650-965-4345
hliu@catalyticaenergy.com
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Yafeng Liu

R&D Engineer

847 W. California Avenue #J
Sunnyvale, CA 94086

PH: 650-940-6336

FX: 650-940-6249
yliu@catalytica.energy.com

Johnson R. Lloyd

Sales Manager

Tight Fit Tool

12961 Sunnyside Place
Santa Fe Springs, CA 90670
PH: 562-946-8444

FX: 562-944-3177
john@tightfittools.com

Daniel Loffler

Senior Scientist
IdaTech, LLC

63160 Britta Street
Bend, OR 97701

PH: 541-322-7078
dloffler@idatech.com

Melissa Lott

QSS Group, Inc.

4500 Forbes Boulevard, Suite 200
Lanham, MD 20706

PH: 301-429-4583
FX:301-731-1384
mlott@gssgroupinc.com

John Low

Research Specialist

UOP Research Center

50 E. Algonguin Road

Des Plaines, IL 60017-5016
PH: 847-391-3046

FX: 847-391-3727
john.low@uop.com

Weifang Luo

LTE

Sandia National Laboratories
7011 East Avenue
Livermore, CA 94551

PH: 925-294-3729

FX: 925-294-3410
wluo@sandia.gov
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Andrew Lutz

Senior Member of the Tech. Staff
Sandia National Laboratories

P. O. Box 969, MS9053
Livermore, CA 94551-0969

PH: 925-294-2761

FX: 925-294-1004
aelutz@sandia.gov

Serguei Lvov

Professor

Pennsylvania State University
207 Hosler Bldg

University Park, PA 16802
PH: 814-863-8377

FX: 814-865-3248
lvov@psu.edu

Brent Macqueen

Senior Chemist

SRI International

333 Ravenswood Avenue
Menlo Park, CA 94025-3492
PH: 650-859-5286

FX: 650-859-4321
brent.macqueen@sri.com

Arnulf Maeland

Visiting Senior Scientist

Institite for Energy Technology
P. O. Box 40

Kjeller, Norway N-2027 NORWAY
PH: 47-6380-6000

FX: 47-6381-0920

arnulf@ife.no

Kimberly Magrini
Senior Scientist
NREL

1617 Cole Boulevard
Golden, CO 80401
PH: 303-384-7706
FX: 303-384-6363
kim_magrini@nrel.gov

Eric Majzoub

Senior Member of Technical Staff
Sandia National Laboratories
7011 East Avenue, MS 9403
Livermore, CA 94550

PH: 925-294-2498

FX: 925-294-3410
ehmajzo@sandia.gov
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Thomas Maloney

Product Manager

Proton Energy Systems

10 Technology Drive
Wallingford, CT 06492

PH: 203-678-2176
tmaloney@protonenergy.com

Jennifer Mandel

Research Analyst

Sentech, Inc.

4733 Bethesda Avenue, Suite 608
Bethesda, MD 20814

PH: 301-951-3237

FX: 301-654-7832
jmandel@sentech.org

Pin-Ching Maness

Senior Scientist, NREL
1617 Cole Boulevard
Golden, CO 80401

PH: 303-384-6114

FX: 303-384-6150
pinching_maness@nrel.gov

Margaret Mann

Senior Chemical Process Engineer
NREL

1617 Cole Boulevard, MS1613
Golden, CO 80401

PH: 303-275-2921

FX: 303-275-2905

margaret_ mann@nrel.gov

Michael Manning
Development Associate
Praxair Inc.

175 East Park Drive
Tonawanda, NY 14151

PH: 716-879-2987

FX: 716-879-7032
mike_manning@praxair.com

Leonard Marianowski
Executive Technical Advisor
Gas Technology Institute
1700 S. Mt. Prospect Road
Des Plaines, lllinois 60018
PH: 847-768-0559

FX: 847-768-0916

len.marianowski@gastechnology.or
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Tony Markel

Senior Engineer
NREL

1617 Cole Boulevard
Golden, CO 80401
PH: 303-275-4478
FX: 303-275-4415
tony_markel@nrel.gov

Nenad Markovic

Staff Scientist, LBNL

1 Cyclotron Road, 2-100
Berkeley, CA 94720

PH: 510-495-2956

FX: 510-486-5530
nmmarkovic@Ibl.gov

Steve Martin
Professor

lowa State University
2322 Howe Hall
Ames, 1A 50011

PH: 515-294-0745
FX: 515-294-6744
swmartin@iastate.edu

Peter Martin

LLNL

7000 East Avenue, L-353
Livermore, CA 94550

PH: 925-423-9831

FX: 925-423-7040
martin89@!Inl.gov

David Martin

Director, Business Development
Membrane Reactor Technologies
400-200 Granville Street
Vancouver, B.C. V6C154
CANADA

PH: 416-508-7247

FX: 604-822-1659
dmartin@membranereactor.com

Jennifer Mawdsley

Research Scientist

Argonne National Laboratory
9700 S. Cass Avenue
Argonne, IL 60439

PH: 630-252-4608

FX: 630-972-4452
mawdsley@cmt.anl.gov
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Curt Maxey

Development Engineer, ORNL
One Bethel Valley Rd

Oak Ridge, TN 37831

PH: 865-576-7114
maxeylc@ornl.gov

Anthony Mazy

Utilities Engineer

State of CA Public Utilities
Commission

505 Van Ness Avenue, Rm 4205
San Francisco, CA 94102

PH: 415-703-3036

FX: 415-703-2303
amazy@cpuc.ca.gov

Jeff McDaniel

Business Development Director
Velocys Inc.

7950 Corporate Blvd

Plain City, OH 43064

PH: 614-733-3319

FX: 614-733-3301
mcdaniel@velocys.com

Joseph McDonald
Engineer

US EPA

2000 Traverwood Drive
Ann Arbor, MI 48105

PH: 734-214-4803

FX: 734-214-4816
mcdonald.joseph@epa.gov

Eric McFarland

Professor

UC Santa Barbara
Department of Chem. Engin.
Santa Barbara, CA 93106
PH: 805-893-4343

FX: 805-893-4731
mcfar@engineering.ucsb.edu

Paul McGinn

Professor

University of Notre Dame
178 Fitzpatrick Hall
Notre Dame, IN 46556
PH: 574-631-6151

FX: 574-631-8366
pmcginn@nd.edu
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Michael McGowan

Marketing Manager,

Hydrogen Energy Americas

BOC Gases

575 Mountain Avenue

Murray Hill, NJ 07974

PH: 908-771-1086

FX: 908-771-1903
michael.mcgowan@us.gases.boc.c
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James McGrath Professor
Virginia Tech University
2111 Hahn Hall, (0344)
Blacksburg, VA 24061
PH: 540-231-5976

FX: 540-231-8517
jmcgrath@vt.edu

William McLean

Director

Combustion and Phys. Sciences
Sandia National Laboratories

P. O. Box 969

Livermore, CA 94550

PH: 925-294-2687

FX: 925-294-2276
wjmclea@sandia.gov

April McMillan

Development Staff

Oak Ridge National Laboratory
1 Bethel Velley Road

Oak Ridge, TN 37831-6087
PH: 865-241-4554

FX: 865-576-8424
mcmillanad@ornl.gov

Paul Meharg

Ballard Power Supply

4343 North Fraser Way
Burnaby, B.C. V5J 5J9 Canada
PH: 604-454-0900

FX: 604-412-4700
paul.meharg@ballard.com

Tasios Melis

Professor

UC Berkeley

Plant & Microbial Biology
Berkeley, CA 94720-3102
PH: 510-642-8166

FX: 510-642-4995
melis@nature.berkeley.edu
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Florian Mertens

Chief Technologist

Hydrogen Storage

General Motors Corp

30500 Mound Road, Mail Code
480-102-000

Warren, Ml 48090

PH: 586-986-5344

FX: 586-986-2244
florian.o.mertens@gm.com

James Miller

Associate Director

Argonne National Laboratory
9700 S. Cass Avenue, Bldg. 205
Argonne, IL 60439-4832

PH: 630-252-4537

FX: 630-972-4537
millerj@cmt.anl.gov

Eric Miller

University of Hawaii

1680 East West Road, POST 109
Honolulu, HI 96822

PH: 808-956-5337

FX: 808-956-2335
ericm@hawaii.edu

JoAnn Milliken

DOE, HFCIT

1000 Independence, Ave. SW
Washington, DC 20585

PH: 202-586-2480

FX: 202-586-9811
JoAnn.Milliken@ee.doe.gov

Deborah Mills

Director, Early Stage Marketing
Corning Incorporated Sullivan Park,
SP-FR-02-08

Corning, NY 14831

PH: 607-974-3620

FX: 607-248-1275
millsda2@corning.com

Kevin Mills

Test Engineer

US Army TACOM

6501 E. Eleven Mile
ATTN: AMSTA-TR-N/272
Warren, Ml 48397

PH: 586-574-4545

FX: 586-574-8906
millsk@tacom.army.mil
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Quentin Ming

Staff Scientist

InnovaTek, Inc.

350 Hills Street, Suite 104
Richland, WA 99352

PH: 509-375-1093

FX: 509-375-5183
quentin@tekkie.com

Marianne Mintz

Argonne National Laboratory
9700 S. Cass Avenue
Argonne, IL 60439

PH: 630-252-5627

FX: 630-252-3443
mmintz@anl.gov

Lisa Mirisola

Air Quality Specialist
South Coast AQMD
21865 East Copley Drive
Diamond Bar, CA 91765
PH: 909-396-2638

FX: 909-396-3252
Imirisola@agmd.gov

Fred Mitlitsky

Owner

Fred Mitlitsky Technical Consulting
1125 Canton Avenue

Livermore, CA 94550-5523

PH: 925-209-4857

FX: 925-447-1853
mitlitsky@yahoo.com

Matt Miyasato

Tech. Demonstrations Manager
South Coast AQMD

21865 E. Copley Drive
Diamond Bar, CA 91765

PH: 909-396-3249
mmiyasato@aqgmd.gov

Christopher Moen

Manager,

Thermal/Fluids Analysis Dept.
Sandia National Laboratories
7011 East Avenue, MS 9042
Livermore, CA 94550

PH: 925-294-3709

FX: 925-294-1459
cmoen@sandia.gov
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Nahid Mohajeri

Research Chemist

Florida Solar Energy Center
1679 Clearlake Road
Cocoa, FL 32922

PH: 321-638-1525

FX: 321-638-1010
nmohajeri@fsec.ucf.edu

Richard Mohring

Program Director, H2 on Demand
Millennium Cell Inc.

One Industrial Way West
Eatontown, NJ 07724

PH: 732-544-5706

FX: 732-542-2846
Mohring@millenniumcell.com

Tadashi Momura

Senior Engineer

Honda Research Institute
1381 Kinnear Road, Suite 116
Columbus, OH 43016

PH: 614-340-6084

FX: 614-340-6082
tnomura@hondo-ri.com

Robert Moore

Director

University of California, Davis
One Shields Avenue

Davis, CA 95616

PH: 530-752-7546

FX: 530-752-6572
rmmoore@ucdavis.edu

Martin Moore

ZTek

23 Flyaway Pond Drive
North Easton, MA 02356
PH: 617-335-8089
mmoorel1957@attbi.com

Stewart Moorehead

Science & Engineering Associate
PNNL

P. 0. Box 999

Richland, WA 99352

PH: 509-372-4721
stewart.moorehead@pnl.gov
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Chester Motloch

Consulting Engineer, Transp Tech
INEEL

P.O. Box 1625

Idaho Falls, ID 83401

PH: 208-526-0643

FX: 208-526-0969
motlcg@inel.gov

Theodore Motyka
Program Manager

Savannah River Technology Center

Westinghouse Savannah River Co.
Bldg 773-41A

Niken, SC 29808

PH: 803-725-0772

FX: 803-725-4553
ted.motyka@srs.gov

Melissa Muffett

Administrative Asst.

NREL

1617 Cole Boulevard, MS1613
Golden, CO 80401

PH: 303-275-3818

FX: 303-275-2905
melissa_muffett@nrel.gov

Rangachary Mukundan
Technical Staff Member

Los Alamos National Laboratory
Bikini Atoll Rd., SM 30

Los Alamos, NM 87545

PH: 505-665-8523

FX: 505-665-4292
mukundan@lanl.gov

Nazim Muradov

Principal Research Scientist
Florida Solar Energy Center
1679 Clearlake Road
Cocoa, FL 32922-5703

PH: 321-638-1448

FX: 321-638-1010
muradov@fsec.ucf.edu

Timothy Murphy

Manager, Transportation Tech.
INEEL

P. 0. Box 1625, MS 2209
Idaho Falls, ID 83415-2209
PH: 208-526-0480

FX: 208-526-0690
murphytc@inel.gov
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Deborah Myers

Group Leader, Fuel Cell Materials
Argonne National Laboratory
9700 S. Cass Avenue

Argonne, IL 60439

PH: 630-252-4261

FX: 630-252-4176
myers@cmt.anl.gov

Tetsuo Nagami

Manager

Toyota Motor Corporation

1 Toyota-cho

Toyota, Aichi 471-8572 Japan
PH: 81-565-23-9076

FX: 81-565-23-5782
magami@tetsuo.tec.toyota.co.jp

Sekharipuram Narayanan
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, CA 91109

PH: 818-354-0013

FX: 818-393-6951
s.r.narayanan@jpl.nasa.gov

Tina Nenoff

DMTS

Sandia National Laboratories
1515 Eubank SE, MS 0755
Albuquerque, NM 87123

PH: 505-844-0340

FX: 505-844-0968
tmnenof@sandia.gov

Robert Nickeson

Project Engineer, Alzeta Corp
2343 Calle Del Mundo

Santa Clare, CA 95054

PH: 408-727-8282

FX: 408-727-9740
bnickeso@alzeta.com

Jacques Nicole

R&D Engineer

Catalytica Energy Systems, Inc.
430 Ferguson Drive

Mountain View, CA 94043-5272
PH: 650-940-6217
jnicole@catalyticaenergy.com
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Joseph Oefelein

Senior Member of the Tech. Staff
Sandia National Laboratories
P.O. Box 969, MS9053
Livermore, CA 94551-0969

PH: 925-294-2648

FX: 925-294-2595
oefelei@sandia.gov

Joan Ogden

Research Scientist

Princeton Environmental Inst,
Princeton Univ

PEI, Guyot Hall, Princeton Univ.
Princeton, NJ 08544

PH: 609-258-5470

FX: 609-258-7715
ogden@princeton.edu

Jim Ohi

Senior Project Leader
NREL

1617 Cole Boulevard
Golden, CO 80401
PH: 303-275-3706
FX: 303-275-3886
jim_ohi@nrel.gov

Ronald Ott

Engineer

Oak Ridge National Laboratory
P. 0. Box 2008, MS-6083

Oak Ridge, TN 37831-6083
PH: 865-574-5172

FX: 865-574-4357
ottr@ornl.gov

Ben Ovshinsky

West Coast Representative Energy
Conversion Devices, Inc.

589 Arlington Avenue

Berkeley, CA 94707

PH: 510-525-8236
benovshin@msn.com

Richard Page

Southwest Research Institute
6220 Culebra Road,

PO Drawer 28510

San Antonio, TX 78228

PH: 210-522-3252

FX: 210-522-6220
rpage@swri.org
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George Parks

Research Associate

ConocoPhillips

356 PL BTC

Bartlesville, OK 74004

PH: 918-661-7780

FX: 918-662-1097
George.D.Parks@conocophillips.co
m

Pete Parsons

Director of Development
Houston Advanced Research
Center (HARC)

4800 Research Forest Drive
The Woodlands, TX 77381
PH: 281-380-2538

FX: 281-363-7924
tgreen@harc.edu

Mark Paster

DOE, HFCIT

1000 Independence Ave., SW
Washington, DC 20585

PH: 202-586-2821
mark.paster@hq.doe.gov

Suhas Patil

Manager of Eng. / Bus. Dev.
Refractory Specialties, Inc.
230 W. California Avenue
Sebring, OH 44601

PH: 330-938-2101

FX: 330-938-2574
spatil@rsifibre.com

Cameron Payne
President
HYDROGENCORP
1919 A. Harold Street
Houston, TX 77098
PH: 713-522-4883

FX: 713-529-7038
campayne@swhbell.net

Larry Pearce

VP of Transportation & Materials
Flint Energies

P.O. Box 308

Reynolds, GA 31076-0308

PH: 478-847-3415, x3551

FX: 478-847-5173
Ipearce@flintemc.com
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Larry Pederson

Laboratory Fellow

PNNL

902 Batelle Blvd, MS K2-50
Richland, WA 99352

PH: 509-375-2731

FX: 509-375-2167
larry.pederson@pnl.gov

Ying Peng

Research Engineer

Franklin Fuel Cells Inc.

435 Devon Park Drive, 700 Building
Wayne, PA 19087

PH: 610-975-5079

FX: 610-341-0516
ypeng@franklinfuelcells.com

Jerome Perrin

Ré&D Director

Air Liquide Corporation
Claude-Delorme Res Ctr,

1 chemin de la Porte des Loges,
BP 126 Jouy en Josas 78354
FRANCE

PH: 33-1-30-07-64-29

FX: 33-1-39-56-11-22
jerome-m.perrin@airliquide.com

Mike Perry

Manager, Fuel Cell Technology
UTC Fuel Cells

195 Governor's Highway

South Windsor, CT 06074

PH: 860-727-2067

FX: 860-998-9678
michael.perry@utcfuelcells.com

John Petrovic

Laboratory Fellow

Los Alamos National Laboratory
US- DOE

1000 Independence Ave., SW
Washington, DC 20585

PH: 202-586-8058

FX: 202-586-9811
john.petrovic@ee.doe.gov

Guido Pez

Chief Scientist

Air Products and Chemicals Inc.
7201 Hamilton Boulevard
Allentown, PA 18195

PH: 610-481-4271

FX: 610-481-7719
pezgp@apci.com



Quoc Pham

Chief Technology Officer
3E Systems

780 Montague Expressway
San Jose, CA 95131

PH: 408-383-9118 x225
FX: 408-383-9098
gpham@3esystems.com

John Pitts

Senior Scientist
NREL

1617 Cole Boulevard
Golden, CO 80401
PH: 303-384-6485
FX: 303-384-6655
roland_pitts@nrel.gov

Bryan Pivovar

Los Alamos National Laboratory
P.O. Box 1663

Los Alamos, NM 87545

PH: 505-665-8918

FX: 505-665-4292
pivovar@lanl.gov

Marylynn Placet

Manager, Energy Policy & Planning
Group,

PNNL

901 D Street, SW #900
Washington, DC 20024

PH: 202-646-5249

FX: 202-646-7288
m.placet@pnl.gov

Walter Podolski

Argonne National Laboratory
9700 S. Cass Avenue
Argonne, IL 60439

PH: 630-252-7558

FX: 630-972-4430
podolski@cmt.anl.gov

Charles Powars
Principal

St. Croix Research
561 Thain Way

Palo Alto, CA 94306
PH: 650-424-0426
FX: 650-857-0291
capcap@aol.com
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Roger Prince

ExxonMobil Res. & Engin. Co.
1545 Route 22E

Annandale, NJ 08801

PH: 908-730-2134

FX: 908-730-3323
roger.c.prince@exxonmobil.com

Robert Privette

Director, US Fuel Cell Development
OMG Corp

2347 Commercial Drive

Auburn Hills, Ml 48326

PH: 248-340-1040 x269

FX: 248-340-9328
rob.privette@na.omgi.com

Frederick Proctor

Group Leader

NIST, DOC

100 Bureau Drive,

Bldg 220, RmB123
Gaithersburg, MD 20899-8230
PH: 301-975-3422

FX: 301-990-9688
frederick.proctor@nist.gov

Stephen Pyke
Principal

Fluence

P. 0. Box 1257
Sisters, OR 97759
PH: 541-390-9752
FX: 541-330-0073
spyke@empnet.com

Michael Quah

Team Leader

US Army CECOM

Fuel Cell Tech Team

10125 Gratiot Road, Suite 100

Fort Belvoir, VA 22060

PH: 703-704-2362

FX: 703-704-3749
michael.quah@armypower.army.mil

Aaron Rachlin

AH Fuels Business Dev. Manager
Praxair, Inc.

2300 E. PCH

Wilmington, CA 90744

PH: 562-983-2135

FX: 562-983-2102
aaron_rachlin@praxair.com
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Ralph Rackham

VP Engineeering & Research
FuelMaker Corporation

70 Worcester Road

Toronto, Ontario MOW 5X2
CANADA

PH: 416-674-3034 x221

FX: 416-674-3042
rrackham@fuelmaker.com

Ali Raissi

Director, Hydrogen R&D Division
Florida Solar Energy Center
1679 Clearlake Road

Cocoa, FL 32922-5703

PH: 321-638-1446

FX: 321-638-1010
ali@fsec.ucf.edu

Venki Raman

Business Development Manager
Air Products and Chemicals, Inc.
7201 Hamilton Boulevard
Allentown, PA 18049

PH: 610-481-8336
ramansv@apci.com

Kristen Rannels

Technical Analyst

Sentech, Inc.

4733 Bethesda Avenue, Suie 608
Bethesda, MD 20814

PH: 301-654-7224

FX: 301-654-7832
krannels@sentech.org

Claudia Rawn

Senior Research and Dev. Staff
Oak Ridge National Laboratory
1 Bethel Valley Road,

P. 0. Box 2008

Oak Ridge, TN 37831-6064

PH: 865-574-3184

FX: 865-574-3940
rawncj@ornl.gov

Carole Read

Argonne National Laboratory
111 Lexington Street
Watertown, MA 02472

PH: 617-924-0254
cjread314@hotmail.com
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Robert Regan

Technology Investments
DTE Energy Co.

2000 2nd Avenue, WCB783
Detroit, Ml 48226

PH: 313-235-9152

FX: 313-235-0239
reganr@dteenergy.com

Justin Regnier

Student, Humboldt State University
3040 Alliance Road

Arcata, CA 95521

PH: 707-498-5365
justinregnier@hotmail.com

William Replogle

Systems Engineer Manager
Sandia National Laboratories
7011 East Avenue
Livermore, CA 94551

PH: 925-294-2140

FX: 925-294-3870
wereplo@sandia.gov

Gordon Rice

Research Chemist
Superior MicroPowders
3740 Hawkins NE
Albuquerque, NM 87109
PH: 505-342-1492 x49
FX: 505-342-2168
gordonr@smpl.com

Thomas Richards

Engineering Technical Steward
Caterpillar Inc.

P.O. Box 1875

Peoria, IL 61656-1875

PH: 309-578-8597

FX: 309-578-6113
richards_thomas_j@cat.com

Alan Richards

VP Research & Development
GTL Gas to Liquid.com

2825 Wilcrest Drive, S-470
Houston, TX 77042

PH: 877-630-4223

FX: 713-781-6709
akrichards@gastoliquid.com
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G. Neal Richter

Fellow, ChevronTexaco

329 N. Durfee Ave

South El Monte, CA 91733
PH: 562-908-7203

FX: 562-699-7408
richtgn@chevrontexaco.com

Jay Riker

Sales Engineer

950 N San Antonio Road, #17d
Los Altos, CA 94022

PH: 360-607-0707
jariker@attglobal.net

Ann Ritter

Manager, Adv. Mat. & Processes
GE Global Research

One Research Circle, K-1, MB259
Niskayuna, NY 12309

PH: 518-387-7621

FX: 518-387-5576
riter@crd.ge.com

Gregory Roberts

Postdoc

Sandia National Laboratories
7011 East Avenue, MS 9403
Livermore, CA 94550

PH: 925-294-2351

FX: 925-294-3410
garober@sandia.gov

Terri Roberts

Energy Specialist

US Department of Energy
75 Spring Street, Suite 200
Atlanta, GA 30303

PH: 404-562-0566

FX: 404-562-0537
terri.roberts@ee.doe.gov

Bruce Robertson

New Venture Manager
Engelhard Corporation

101 Wood Avenue

Iselin, NJ 08830-0770

PH: 732-205-6015

FX: 732-205-6109
bruce.robertson@engelhard.com
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Richard Rocheleau

Director

Hawaii Natural Energy Institute
1680 East West Road, Post 109
Honolulu, HI 96822

PH: 808-956-8346

FX: 808-956-2336
rochelea@hawaii.edu

Matt Ringer

Chemical Process Engineer/Analyst
NREL

1617 Cole Boulevard, MS1613
Golden, CO 80401

PH: 303-275-3703

FX: 303-275-2905
matthew_ringer@nrel.gov

Jerry Rogers

GM Tech Mgr FreedomCAR
General Motors R&D

30500 Mound Road,

MC 480-106-269

Warren, Ml 48090-9055
PH: 586-986-1607

FX: 586-986-1910
jerry.rogers@gm.com

Peter Rohde

Managing Editor

Inside Fuels and Vehicles
1225 Jefferson Davis Highway
Arlington, VA 22202

PH: 703-416-8576

FX: 703-416-8543
peter.ronde@iwpnews.com

Philip Ross

LBNL

#1 Cyclotron Road
Berkeley, CA 94720
PH: 510-486-6226
FX: 510-486-5530
pnross@Ibl.gov

Neil Rossmeiss|

DOE, HFCIT

1000 Independence Avenue, SW
Washington, DC 20585

PH: 202-586-8668

FX: 202-586-5860
neil.rossmeissl@hg.doe.gov


mailto:neil.rossmeissl@hq.doe.gov
mailto:pnross@lbl.gov
mailto:peter.rohde@iwpnews.com
mailto:jerry.rogers@gm.com
mailto:matthew_ringer@nrel.gov
mailto:rochelea@hawaii.edu
mailto:bruce.robertson@engelhard.com
mailto:terri.roberts@ee.doe.gov
mailto:garober@sandia.gov
mailto:ritter@crd.ge.com
mailto:jariker@attglobal.net
mailto:richtgn@chevrontexaco.com
mailto:akrichards@gastoliquid.com
http:Liquid.com
mailto:richards_thomas_j@cat.com
mailto:gordonr@smp1.com
mailto:wcreplo@sandia.gov
mailto:justinregnier@hotmail.com
mailto:reganr@dteenergy.com

Tecle Rufael

Senior Scientist, ChevronTexaco
Energy Res & Tech Grp

3901 Briarpark, WP415
Houston, TX 77042

PH: 713-954-6346

FX: 713-954-6368
tecle.rufael@chevrontexaco.com

Robert Ruhl

VP Technology

Technology Management Inc.
290 Alpha Park

Clevelan, OH 44143

PH: 440-995-9500 x102

FX: 440-720-4527
ruhl@stratos.net

Anthony Sammells
President

Eltron Research Inc.

4600 Nautilus Court South
Boulder, CO 80301

PH: 303-530-0263

FX: 303-530-0264
eltron@eltronresearch.com

Gregory Sandelli

Manager, Government Programs
Hydrogen Source, LLC

60 Bidwell Road

So. Windsor, CT 06074

PH: 860-987-5008

FX: 860-987-5025
greg.sandelli@hydrogensource.com

Gary Sandrock
President

SunaTech, Inc.

113 Kraft Place
Ringwood, NJ 07456
PH: 973-962-1158

FX: 973-962-1158
sandrock@warwick.net

Krishna Sapru

Director,

Thermal Hydrides ECD, Inc.
1621 Northwood Drive
Troy, MI 48084

PH: 248-362-4780

FX: 248-362-0012
ksapru@ovonic.com
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Sarang Sarangapani
Executive Vice President
ICET, Inc.

916 Pleasant St., Unit 12
Norwood, MA 02062

PH: 781-769-6064

FX: 781-762-8204
icetinc@attglobal.net

Robert Schefer

Senior Member of the Tech. Staff
Sandia National Laboratories
P.O. Box 969, MS9051
Livermore, CA 94551-0969

PH: 925-294-2681

FX: 925-294-2595
rwsche@sandia.gov

Andreas Schell

Senior Manager Fuel Cell Systems
DiamlerChrysler

2730 Research Drive,

CIMS 463-00-00

Rochester Hills, MI 48309

PH: 248-838-5251

FX: 248-838-5338
andreas.schell@daimlerchrysler.co
m

Edward Schmetz

Portfolio Manager
Department of Energy

19901 Germantown Road
Germantown, MD 20874

PH: 301-903-3931

FX: 301-903-2238
edward.schmetz@hg.doe.gov

Susan Schoenung
President

Longitude 122 West, Inc.
1010 Doyle Street, Suite 10
Menlo Park, CA 94025

PH: 650-329-0845

FX: 650-329-9951
schoenung@aol.com

Ken Schultz

General Atomics

Operations Director, Energy Group
P. O. Box 85608

San Diego, CA 92186-5608

PH: 858-455-4304

FX: 858-455-2838
ken.schultz@gat.com
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Joseph Schwartz

Development Associate
Praxair

175 East Park Drive
Tonawanda, NY 14150

PH: 716-879-7455

FX: 716-879-7091
joseph_schwartz@praxair.com

Paul Scott

ISE Research/Stewart Energy
7949 Woodley

Van Nuys, CA 91406

James Seaba

Advanced Technology Director
ConocoPhillips

866 Phillips Building

Bartlesville, OK 74004

PH: 918-661-1918

FX: 918-662-2313
jim.p.seaba@conocophillips.com

Nicole Seawell

Program Manager, CSMI

205 S. Whiting Street, Suite 201
Alexandria, VA 22304

PH: 703-823-4300 x111

FX: 703-823-4301
nseawell@csmi.com

Michael Seibert
Principal Scientist
NREL

1617 Cole Boulevard
Golden, CO 80401

PH: 303-384-6279

FX: 303-384-6150
mike_seibert@nrel.gov

George Selecman
Principal

TIAX LLC

15 Acorn Park
Cambridge, MA 02140
PH: 617-498-6083
FX: 617-498-7250
selecman.g@tiax.biz

Rajat Sen

President

Sentech, Inc.

4733 Bethesda Avenue, Suite 608
Bethesda, MD 20814

PH: 301-961-4924

FX: 301-654-7832
rsen@sentech.org
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Michael Shapiro

Senior Associate
Technology & Management
Services, Inc.

40 Starboard Tack

Hilton Head, SC 29928

PH: 843-341-3210

FX: 843-341-3210
mshapiro43@cs.com

David Shearer

Chief Scientist

California Environmental Associates
423 Washington Street, 3rd F1

San Francisco, CA 94111

PH: 415-421-4213 x18

FX: 415-982-7989
david@ceaconsulting.com

Dushyant Shekhawat
NETL

3610 Collins Ferry Road
Morgantown, WV 26508
PH: 304-285-4834

FX: 304-285-4403
shekhawa@netl.doe.gov

Jian-Ping Shen
Materials Scientist
Superior MicroPowders
3740 Hawkins NE
Albuguerque, NM 87109
PH: 505-342-3492

FX: 505-342-2168
jpshen@smpl.com

John Shen

Program Manager

Department of Energy

1000 Independence Avenue, SW
Washington, DC 10585-1290
PH: 301-903-4344

FX: 301-903-2238
John.shen@hgq.doe.gov

Martin Shimko

Vice President
Avalence LLC

1240 Oronoque Road
Milford, CT 06460
PH: 203-701-0052
FX: 203-878-4123
mas@avalence.com
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Ina Shlez

Sr. Environmental Specialist

City of San Francisco, Dept. of Env.
11 Grove Street

San Francisco, CA 94102

PH: 415-355-3731

ina.shlez@ sfgov.org

Richard Silver

Materials Science Group Leader
Los Alamos National Laboratory
P.O. Box 1663

Los Alamos, NM 87545

PH: 505-667-6832

FX: 505-665-4292

rms@lanl.gov

Jennifer Simmons

Post Doc, University of IL
Dept of Civil & Environ Eng
Urbana, IL 61801

PH: 217-333-8353

FX: 217-333-6968
jcrawfor@uiul.edu

Ron Sims

Private Consultant
6488 Sauk Trail

Saline, Ml 48176

PH: 734-429-2663
ronisims@comcast.net

Steven Singer

Research Scientist, UC Berkeley
211 Koshland Hall

Berkeley, CA 94707

PH: 510-643-4734

FX: 510-642-4995
ssinger@nature.berkeley.edu

Neel Sirosh

Director, Fuel Storage
Quantum Technologies
17872 Cartwright Road
Irvine, CA 92614

PH: 949-399-4698

FX: 949-399-4600
nsirosh@qtww.com

Edward Skolnik

Program Manager/Senior Scientist
Energetics, Inc.

901 D Street, SW

Washington, DC 20024

PH: 202-406-4125

FX: 202-479-0154
eskolnik@energeticsinc.com
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Darlene Slattery

Senior Research Chemist
Florida Solar Energy Center
1679 Clearlake Road
Cocoa, FL 32922-5703

PH: 321-638-1449

FX: 321-638-1010
dkslatt@fsec.ucf.edu

Wayne Smith

Los Alamos National Laboratory
P.O. Box 1663, MS D429

Los Alamos, NM 87545

PH: 505-667-2365

FX: 505-665-4292
wsmith@lanl.gov

William Smith

President

Infinity Fuel Cell and Hydrogen, LLC
68 Bridge Street, Suite 114

Suffield, CT 06078

PH: 860-668-1845

FX: 860-668-5716
wsmith@infinityfuel.com

Barton Smith

Scientific Staff

Oak Ridge National Laboratory
2360 Cherahala Boulevard
Knoxville, TN 37932

PH: 865-946-1290

FX: 865-946-1292
smithdb@ornl.gov

Ray Smith

Deputy Associate Director AtLarge
LLNL

7000 East Avenue, L-638
Livermore, CA 94550

PH: 925-422-7802

FX: 925-422-0096
smith40@lInl.gov

Arthur Soinski

ECS Il Calif. Energy Commission
1516 Ninth Street, MS-43
Sacramento, CA 95814

PH: 916-654-4674

FX: 916-653-6010
asoinski@energy.state.ca.us
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Marc Sommer

Daimler Chrysler
Wilhelm-Runge-Str.11

Ulm 89081 GERMANY

PH: 49-731-505-2982

FX: 49-731-505-4211
marc.sommer@daimlerchrysler.com

Michael Spritzer

Demil Program Manager
General Atomics

P.O. Box 85608

San Diego, CA 92186-5608
PH: 858-455-2337

FX: 858-455-4111
Michael.spritzer@gat.com

Srikesh Sridharan

Engineer

Sentech, Inc.

4733 Bethesda Avenue, Suite 608
Bethesda, MD 20814

PH: 301-961-4915

FX: 301-654-7832
ssridharan@sentech.org

Thomas Standing

Consulting Engineer

San Francisco Pub. Utilities Comm.
100 Garfield Street

San Francisco, CA 94132

PH: 415-586-2414

FX: 650-872-5941
tstanding@sfwater.org

James Steinke

Project Engineer

Northrop Grumman Newport News
4101 Washington Avenue

Dept. E82/CRF-4th

Newport News, VA 23607

PH: 757-688-5224

FX: 757-688-4464
jsteinke@nns.com

Eivind Stenersen

Chief Engineer,

FC Contamination Control
Donaldson Company Inc.

1400 West 94th Street
Bloomington, MN 55431

PH: 952-887-3849

FX: 952-887-3612
esteners@mail.donaldson.com
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Dave Stinton

Manager DER Materials

Oak Ridge National Laboratory
P. O. Box 2008

Oak Ridge, TN 37831-6065
PH: 865-574-4556

FX: 865-241-0411
stintondp@ornl.gov

Ken Stroh

Program Manager, Hydrogen, Fuel
Cells & Transportation

Los Alamos National Laboratory
Mail Stop D429

Los Alamos, NM 87545

PH: 505-667-7933

FX: 505-665-4292

stroh@lanl.gov

John O'Sullivan

Private Consultant

950 Eichler Drive
Mountain View, CA 94040
jbosullivan@aol.com

Wayne Surdoval

SECA Coordinator, DOE

626 Cochrans Mill Road
Pittsburgh, PA 15236

PH: 412-386-6002

FX: 412-386-5917
wayne.surdoval@netl.doe.gov

Matthew Sutherland

Technology Center Sales Manager
Kellogg Brown & Root

16200 Park Row

Houston, TX 77084

PH: 281-492-5885

FX: 281-492-5832
matt.sutherland@halliburton.com

Dexter Sutterfield

Division Director, Tech Manag.
Department of Energy

One West Third Street, Suite 1400
Tulsa, OK 74103

PH: 918-699-2039

FX: 918-699-2005
dexter.sutterfield@npto.doe.gov
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Robert Sutton

Project Manager

Argonne National Laboratory
9700 S. Cass Avenue, Bldg 205
Argonne, IL 60439-4837

PH: 630-252-4321

FX: 630-252-4176
sutton@cmt.anl.gov

George Sverdrup

Technology Manager, HFCIT
NREL

1617 Cole Boulevard, MS1633
Golden, CO 80401

PH: 303-275-4433

FX: 303-275-4417
george_sverdrup@nrel.gov

Michael Swain
Professor

University of Miami

P. O. Box 248294

Coral Gables, FL 33124
PH: 305-284-3321

FX: 305-284-2580
mswain@miami.edu

Scott Swartz

Director of Technology
NexTech Materials, Ltd.

720-1 Lakeview Plaza Blvd.
Worthington, OH 43085

PH: 614-842-6606

FX: 614-842-6607
swartz@nextechmaterials.com

Larry Sweet

Chief Operating Officer
Proton Energy Systems, Inc.
10 Technology Drive
Wallingford, CT 06492

PH: 203-678-2337

FX: 203-949-8016
Isweet@protonenergy.com

Karen Swider-Lyons
Materials Research Engineer
Naval Research Lab

4555 Overlook Avenue SW,
Code 6171

Washington, DC 20375-5342
PH: 202-404-3314

FX: 202-767-3321
karon.lyons@nrl.navy.mil
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William Swift

Project Manager

Argonne National Laboratory
9700 S. Cass Avenue
Argonne, IL 60439

PH: 630-252-5964

FX: 630-972-4473
swift@cmt.anl.gov

Samuel Tam

Vice President

Nexant Inc., A Bechtel Company
101 2nd Street, 11th FI.

San Francisco, CA 94506

PH: 415-369-1083

FX: 415-369-0894
sstam@nexant.com

Motonori Tamura

Senior Researcher

Japan Center for Research,
Center for Metals

6F, No.11 Toyokaiji-Bldg,
1-5-11 Nishishinbashi
Minato-Ku, Tokyo, 105-0003
JAPAN

PH: 81-3-3592-1283

FX: 81-3-3592-1285
mtamura@jrcm.jp

Shigeharu Tanisho

Professor

Yokohama National University
79-2 Tokiwadali,

Hodogaya-ku Yokohama JAPAN
PH: 81-45-339-3996

FX: 81-45-339-3996
tanisho@ynu.ac.jp

Marie Taponat

Product Engineer

QuestAir Technologies Inc.
6961 Russell Avenue

Burnaby, BC V5] 4R8 CANADA
PH: 604-453-6928

FX: 604-454-1137
taponat@questairinc.com

Morse Taxon

Technical Specialist
Daimler Chrysler Corp.
2730 Research Drive
Rochester Hills, M1 48309
PH: 248-838-5227

FX: 248-838-5300
mnt@dcx.com
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Ward TeGrotenhuis

Chief Engineer

Battelle PNNL

902 Battelle Blvd, MSIN: K6-28
Richland, WA 99352

PH: 509-372-2268

FX: 509-372-1861
ward.tegrotenhuis@pnl.gov

George Thomas

Consultant

Sandia National Laboratories
537 Spirit Ridge

Court Reno, NV 89511

PH: 775-851-2702

FX: 775-851-2780
george.thomas@shcglobal.net

Levi Thompson

Prof. Chem Eng & Assoc Dean
Undergrad Ed University of
Michigan, College of Eng. 1221
Beal Avenue, Room 1261 LEC Ann
Arbor, MI 48109-2102

PH: 734-647-7150

FX: 734-647-7126

[tt@umich.edu

Priscilla Thompson

Energy Analyst

State of Hawaii, DBEDT, Energy
Res & Tech

235 South Beretania Street, #502
Honolulu, HI 96813

PH: 808-587-3807

FX: 808-586-2536
pthompso@dbedt.hawaii.gov

Michael Thompson

Director, Planning Integration &
Educ. Pgms

PNNL

3200 Q. Avenue, ETB/K9-89
Richland, WA 99352

PH: 509-375-6471

FX: 509-375-2698
michael.thompson@pnl.gov

Hossein Toghiani

Associate Professor

MSU Dept. of Chemical Engineering
P. O. Box 9595

Mississippi, MS 39762

PH: 662-325-8607

FX: 662-325-7300
hossein@che.msstate.edu
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Todd Toops

Post Doc Research Associate
Oak Ridge National Laboratory
2360 Cheranhala Boulevard
Knoxville, TN 37932

PH: 865-946-1207

FX: 865-946-1354
toopstj@ornl.gov

Peter Tortorelli

Group Leader, Corrosion Science
Oak Ridge National Laboratory
P.O. Box 2008

Oak Ridge, TN 37831-6156

PH: 865-574-5119

FX: 865-241-0215
tortorellipf@ornl.gov

Michael Tosca

Program Manager, Automotive
UTC Fuel Cells

195 Governor's Highway
South Windsor, CT 06074

PH: 860-727-7324

FX: 860-998-9589
mike.tosca@utcfuelcells.com

Susan Townsend

Hydrogen Energy Adv Tech. Leader
GE Global Research Center

1 Research Circle, K1 5A58
Niskayona, NY 12309

PH: 518-387-5554

FX: 518-387-7403
townsends@research.ge.com

Victor Trafford

Trafford Pressure Cleaning, Inc.
1071 23rd Street, SW

Naples, FL 34117

PH: 239-571-0208
vtrafford@aol.com

John Trent
Mechanical Engineer
LLNL

7000 East Ave, L-354
Livermore, CA 94550
PH: 925-422-5723
FX: 925-422-7477
trent2@lInl.gov
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Wayne Triebold

Fuel Cell Bus Dev Manager
Toray

19002 50th Ave, East
Tacoma, WA 98446

PH: 253-846-3897

FX: 253-846-3897
wtriebold@toraycompam.com

Mark Trudgeon

Business Development Manager
Luxfer Gas Cylinders

3016 Kansas Avenue

Riverside, CA 92501

PH: 909-341-2395

FX: 909-341-9223
mark.trudgeon@Iuxfer.net

David Tsay

Marketing- Western Region
Ztek Corporation

300 W. Cunnings Park
Woburn, MA 01801

PH: 617-710-0079

FX: 928-222-2334
dtsay@ztekcorp.com

William Tumas

Group Leader

Los Alamos National Laboratory
MS J514

Los Alamos, NM 87545

PH: 505-667-3803

FX: 505-667-9905
tumas@lanl.gov

John Turner

Principal Scientist

NREL

1617 Cole Boulevard, MS1613
Golden, CO 80401

PH: 303-275-4270

FX: 303-275-3033
jturner@nrel.gov

Jun Uehara

Manager

Nippon Oil USA Ltd.

2680 Bishop Drive, Suite 275
San Ramon, CA 94506

PH: 925-355-1101

FX: 925-355-1109
j.uehara@nocusa.com
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James Uihlein

Senior Principal Engineer
BP

6 Centerpointe Drive

La Palma, CA 90623

PH: 714-670-3024

FX: 714-670-5220
uihlejp@bp.com

Stefan Unnasch

Senior Engineer

TIAX

1601 South De Anza
Cupertino, CA 95014
PH: 408-517-1563
unnasch.stefan@tiax.biz

Francisco Uribe

Los Alamos National Laboratory
Bikini Atoll Rd., SM 30, MS D429
Los Alamos, NM 87545

PH: 505-667-3964

FX: 505-665-4292
uribe@lanl.gov

John Vajo

MTS

HRL Laboratories

3011 Malibu Canyon Road
Malibu, CA 90265

PH: 310-317-5745

FX: 310-317-5483
vajo@hrl.com

Peter Van Blarigan

Principal Member of Technical Staff
Sandia National Laboratories

7011 East Avenue

Livermore, CA 94550

PH: 925-294-3547

FX: 925-294-1322
pvanbla@sandia.gov

Gilbert Van Bogaert
Engineer, Vito

Boeretang 200

MOL BE-2400 BELGIUM
PH: 32-14335911

FX: 32-14321185
gilbert.vanbogaert@vito.be
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Wayne Van Voast
Research Professor
Montana Tech,

Univ of Montana

1300 W. Park Street
Butte, MT 59701

PH: 406-496-4169

FX: 406-496-4451
wvanvoast@mtech.edu

Andrew Vance

LLNL

7000 East Avenue, L-091
Livermore, CA 94550

PH: 925-423-4166

FX: 925-423-8772
vance6@Iinl.gov

Nicholas Vanderborgh
Private Consultant

495 Locust Place
Boulder, CO 80304

PH: 720-406-9951

FX: 303-927-6292
n.vanderborgh@attbi.com

Mike VanDerwerken

Advanced Technology Development
GE Global Research

One Research Circle, KW-C259
Niskayuna, NY 12309

PH: 518-387-6141

FX: 518-387-5449
vanderwerken@crd.ge.com

Suellen Vanooteghem

Team Leader, Biohydrogen
UD DOE, NETL

3610 Collins Ferry Road
Morgantown, WV 26507-0880
PH: 304-285-5443

FX: 304-285-4403
svanoo@netl.doe.gov

Al Vasys

Cambridge Associates Ltd.
11 Harwood Lane
Clementon, NJ 08021

PH: 856-435-2626

FX: 856-784-0493

lccltd@bellatlantic.net
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Venkat Venkataraman

Product Manager

US DOE / NETL

3610 Collins Ferry Road
Morgantown, WV 26507-4403

PH: 304-285-4105

FX: 304-285-4403
venkat.venkataraman@netl.doe.gov

Ted Vincent

Principal

Vincent Engineering
P. 0. Box 912

Alamo, CA 94507

PH: 925-831-9723
FX: 925-837-5809
tedvincent@msn.com

Gerald Voecks

Senior Scientist

General Motors FCA

10 Carriage St

Honeoye Falls, NY 14472
PH: 585-624-6665

FX: 585-624-6610
gerald.voecks@gm.com

Ryan Waddington

Project Director

DTE Energy

2000 2nd Avenue

Detroit, MI 48226

PH: 313-235-7015

FX: 313-235-4867
waddingtonr@dteenergy.com

Frederick Wagner

Senior Staff Research Scientist
General Motors Fuel Cell Activities
10 Carriage Street, P.O. Box 603
Honeoye Falls, NY 14472-0603
PH: 585-624-6726

FX: 585-624-6680
frederick.t.wagner@gm.com

Mark Wait

Air Products and Chemicals, Inc.
7102 Hamilton, Blvd.

Allentown, PA 18195

PH: 610-481-2233

FX: 610-706-7311
waitmf@apci.com
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Keiko Waki

Associate Professor

Tokyo Institute of Technology
4259 Nagatsuda-cho, Midori-ku
Yokohama, Kanagawa 226-8502
JAPAN

PH: 81-45-924-5614

FX: 81-45-924-5614
wen@es.titech.ac.jp

Craig Walker

Director, PEM/FP Program Office

UTRC

411 Silver Lane
Glastonbury, CT 06108
PH: 860-610-7283

FX: 860-660-0976
walkercr@utrc.utc.com

Steve Walters

Senior Consultant, E5

2400 East Katella Avenue, Suite
350 Anaheim, CA 92806-5923
PH: 714-978-3800

FX: 714-978-3828
srwalters@e5.com

James Wang

Department Manager
Sandia National Laboratories
7011 East Avenue, MS9403
Livermore, CA 94550

PH: 925-294-2786

FX: 925-294-3410
jcwang@sandia.gov

Heli Wang

NREL

1617 Cole Boulevard
Golden, CO 80401
PH: 303-275-3858
FX: 303-275-3033
heli_wang@nrel.gov

Ming Wang

Staff Chemical Engineer,
ChevronTexaco Energy Res. &
Tech Company

100 Chevron Way, RIC 10-3552
Richmond, CA 94802

PH: 510-242-1405

FX: 510-242-2823
mnwn@chevrontexaco.com

330

Paul Wang

Principal Technical Advisor
Concurrent Technologies Corp
425 Sixth Avenue, 28th Floor
Pittsburgh, PA 15219

PH: 412-577-2648

FX: 412-577-2650
wangp@ctcgsc.org

Ning Wang

Senior Scientist
Intematix

351 Rheem Blvd
Moraga, CA 94556
PH: 925-631-9005

FX: 925-631-7892
nwang@intematix.com

Thomas Waring
Professor

Montana Tech
West Park Street
Butte, MT 59701
PH: 406-496-4439
FX: 406-496-4650
twaring@mtech.edu

Henry Wedaa

CA Hydrogen Business Council
P.O. Box 980

Yorba Linda, CA 92885

PH: 714-779-1604
hwedaa@adelphia.net

Robert Wegeng

Chief Engineer, PNNL
P.O. Box 999

Richland, WA 99352
PH: 509-376-2011

FX: 509-372-1861
robert.wegeng@pnl.gov

Steven Weiner

Senior Program Manger, PNNL
901 D Street, SW, Suite 900
Washington, DC 20024-5020
PH: 202-646-7870

FX: 202-646-5020
sc.weiner@pnl.gov

Andrew Weisberg
Physicist, LLNL

7000 East Avenue, L-477
Livermore, CA 94551

PH: 925-422-7293

FX: 925-424-3731
weisbergl@Iinl.gov
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Margaret Welk

Postdoctoral appointee
Sandia National Laboratories
P. 0. Box 5800, MS0734
Albuquerque, NM 87185-0734
PH: 505-284-9630

FX: 505-844-0968
mewelk@sandia.gov

Silvia Wessel

Manager

Ballard Power Systems Inc.
4343 North Fraser Way
Burnaby, B.C. V5J 5J9 CANADA
PH: 604-453-3668

FX: 604-453-3782
silvia.wessel@ballard.com

Douglas Wheeler

Manager, Business Dev. Tech.
UTC Fuel Cells

195 Governor's Hwy

S. Windsor, CT 06074

PH: 860-727-2513

FX: 860-998-9231
douglas.wheeler@utcfuelcells.com

Jay Whitacre

Member Technical Staff
Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena, CA 91109-8099
PH: 818-354-4643

FX: 818-393-6951
whitacre@jpl.nasa.gov

Greg Whyatt

Staff Engineer

PNNL

P.O. Box 999, MS K6-24
Richland, WA 99352
PH: 509-376-0011

FX: 509-376-3108

John Williams

Principal Engineer, Alt. Fuels
SunLine Services Group

32505 Harry Oliver Trail
Thousand Palms, CA 92276-3501
PH: 760-343-3456

FX: 760-343-0576
johnwilliams@sunline.org
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Robert Williams

Development Engineer, UC Davis
One Shields Avenue,

Dept Bio & Agr. Engr.

Davis, CA 95616

PH: 530-752-6623

FX: 530-752-2640
rbwilliams@ucdavis.edu

R. Scott Williams

Los Alamos National Laboratory
Mail Stop E-526

Los Alamos, NM 87545

PH: 505-667-5802

FX: 505-667-2730
willms@lanl.gov

Keith Wipke

Senior Engineer
NREL

1617 Cole Boulevard
Golden, CO 80401
PH: 303-275-4451
FX: 303-275-4415
keith_wipke@nrel.gov

Edward Wolfrum

Senior Research Engineer
NREL

1617 Cole Boulevard, MS 3322
Golden, CO 80401

PH: 303-384-7705

FX: 303-384-6363
ed_wolfrum@nrel.gov

Christopher Wolverton
Senior Technical Specialist
Ford Motor Company

2101 Village Road, ISRL
Dearborn, Ml 48121

PH: 313-390-9552

FX: 313-322-7044
cwolvert@ford.com

Jonathan Woo

Scientist Junius Tech

NASA Research Park MS 566-106Z
Moffett Field, CA 94035

PH: 650-944-7526
jwoo@juniustech.com

Terry Woods

Manager New Products
Wah Chang

P. O. Box 460

Albany, OR 97321

PH: 541-917-6749
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Richard Woods

Managing Director

Intelligent Energy

One World Trade Center, Suite 800
Long Beach, CA 90831

PH: 562-983-8096

FX: 562-983-8097
rwoods@elementoneenergy.com

Christopher Woolley

Clean World Energy Products
P.O. Box 305

Sebastopol, CA 95473

PH: 707-478-6202

James Woolley
Independent Consultant
543 Castlerock Court
Sunnyvale, CA 94087

PH: 408-773-1834
woolleyl@pachell.net email:

John Wozniak

Project Manager

Johns Hopkins Univ.,
Applied Physics Lab

11100 Johns Hopkins Road
Laurel, MD 20723

PH: 240-228-5744

FX: 240-228-5512
john.wozniak@jhuapl.edu

Ying Wu

Program Director, Synthesis
Millennium Cell Inc.

One Industrial Way West
Eatontown, NJ 07724

PH: 732-544-5718

FX: 732-542-2846
wu@millenniumcell.com

John Xu

Assistant Professor, Rutgers Univ.
607 Taylor Road

Piscataway, NJ 08854

PH: 732-445-5606

FX: 732-445-3258
johnxu@rci.rutgers.edu

Allen Xue

Project Engineer
Nuvera Fuel Cells, Inc.
35-128 Acorn Park
Cambridge, MA 02140
PH: 617-498-6686

FX: 617-498-6664
ZXue@nuvera.com
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Andy Yan

Director Asenqua

50 California Street, Suite 1500
San Francisco, CA 94111

PH: 408-218-6958

FX: 415-704-3492
ayan@asenqua.com

Yaw Yeboah

Associate Dean of Natural Sciences
Clark Atlanta University

223 James P. Brawley Drive
Atlanta, GA 30313

PH: 404-880-6619

FX: 404-880-6619
yyeboah@cau.edu

David Yee

Director, Combustion Sys Design &
Integration

Catalytica Energy Systems, Inc.
430 Ferguson Drive

Mountain View, CA 94043-5272
PH: 650-940-6321

FX: 650-968-5184
dyee@catalyticaenergy.com

Junxiao Wu

Assistant Res. Professor, MSU

2 Research Boulevard, Box 9627
Mississippi, MS 39762

PH: 662-325-7284
jwu@cavs.msstate.edu email:

Yoga Yogendran

Program Manager
National Research Council
3150 East Mall
Vancouver, BC V6T 1W5
CANADA

PH: 604-221-3157
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APPENDIX B: HFCIT FY 2003 MERIT REVIEW AND PEER EVALUATION REVIEWER FEEDBACK

These notes summarize the comments received at the various reviewer feedback sessions. The comments
received were generally focused on the basic meeting process, however, where relevant, notes specific to a
particular session will be designated and called out.

General Comments:

General Positive Responses: The new HFCIT program covers the whole “waterfront” of
hydrogen and fuel cell issues, with good balance and funding. DOE should be congratulated on its
efforts. Huge benefits could be obtained from the mix of the two technologies. Several reviewers
also felt that the pieces are now in place to make real progressin these domains. Thisreview
meeting was a “ benchmark” workshop which will be difficult to improve upon. However, at least
one reviewer commented that following the recent program transitions, there may be projects that
areincluded in the review process that are not fully relevant to HFCIT. The project list should be
reviewed and weeded/trimmed with thisin mind. Another reviewer noted that this merit review
has become very large, encompassing both information exchange and merit review purposes.
With thisin mind, he suggested that more projects be addressed through the poster session—
perhaps those with lower funding levels. Another reviewer liked that there were more oral
presentations this year, and liked the duration of the meeting.

Poster Sessions:

0 Viewing Times: There needs to be additional poster viewing times, rather than just 2
specific time allotments— one of which was scheduled at the same time as the lab tours.
Furthermore, it may be helpful to have business card collection envel opes/containers at
the bottom of each poster so that if the Pl is not present, contact can more easily be made.

0 Space: Space wastight at thisreview — posters should be located in amore open room
away from the hors d’ oeuvres.

Meeting L ogistics:

0 Seating: All attendees should be ableto sit at tables.

o Hand-outs: Aninexpensive tote bag should be provided to carry the meeting materials.

0 Reference Materials: Reviewers discussed whether it was better to have the presentation
materials availablein print or on CDs, and at the meeting or after it. There was not broad
agreement on which medium was preferable though many felt it important to have the
materials available at the time of the meeting. One reviewer said this year’ s binder was
“head and shoulders” above anything put together in the past although it should have tabs
to separate the different areas.

o Timing: Reviewersliked the use of electronic timers, and the staggering of breaks for
crowd control.

o Parallel Presentation Tracks Reviewers discussed the setup of having two parallel
presentation tracks, and many appreciated the balance of flexibility in allowing
participants to move back and forth, and efficiency in getting through alot of
presentationsin alimited amount of time. Reviewers unanimously voted that this setup
was preferable to having either more or fewer tracks.

o0 Computer Cluster: Onereviewer requested that the review form be made available
electronically, and that asmall “computer cluster” be set up in the conference center
where reviewers could go to record their reviews electronically.

Reviewer Assignments:

0 Assignment Areas Reviewers should review several projectsin the same area, rather than
reviewing projects scattered across all topics.

0 Advanced Information: Reviewers would like to know what projects they are reviewing
in advance and would like to receive full project reportsprior to the meeting so that they
can havetimeto read up on them.

0 Project Report Formatting: Format the project reportsin smaller PDF files so they're
accessible by project area, rather than only as asingle, extremely large PDF file.
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Presenter Guidance:
0 Basic Formatting:

= Black & White vs. Color Graphs The meeting binder isin black and white for
understandabl e cost-rel ated reasons, but this doesn’t allow presentations that use
color to be adequately represented. Presenters should perhaps receive guidance
that their presentations be viewable in B+W.

= Units: All presentations should use Sl unitsto foster transparency aswell as
consistency. Lower heating values (LHV) and higher heating values (HHV)
should also be specified and made consistent.

= Photographs Presentations that use photographs should provide an indication of
scale within them.

= Funding Levels: Presenters should include their funding levelsin the
introductory slide/s.

0 Presentation Content and Consistency: Additional information would be beneficial for
project evaluation. One reviewer said more information should be presented on funding
history/cost statements, man-years spent on a project, and the maturity of a project within
itstimeline. Assumptions and methodol ogies should be made clear. He also noted that a
synopsis of why a project is new or special would be beneficial. It was suggested that if
DOE has a one-pager on each project, this could be helpful to the reviewers.
Presentations would benefit from concise statements of :

= Progress: Project progressin the past year.

=  Stage: What stage the project isin (just starting, extensive data generated, etc.)

= Person-years expended to date

= Funding levels

= Energy efficiency goals and achievements. It was noted that for some projects,
efficiency is dependent on scale.

= Energy Balance: Information on energy balance was missing in the
presentations. The presentations need to be standardized so that all the
presentations contain necessary information.

= Potential Return Analysis: It would be helpful to have in each project an
analysis of potential returns as compared to the targets (going beyond “ next
steps’) — especially for hydrogen storage projects, for which the targets are quite
aggressive. Discussions regarding the relevance of future work should perhaps
be moved to the front.

=  Go/No-go Decision Points: Some projects lacked clear decision points.

o Oral Presentation: It should be impressed upon the PIs that they need not read every
slidein the oral presentation— in some casesit’s enough to have the slide available for
reference or background. Publications could be excluded from the oral presentations, and
could be incorporated either as an addendum, or in the annual progress report.

Review Form: The review form was difficult to apply to some projects. For example, for projects
focused on basic research it was difficult to pin down the indirect connections to form fields.
Additionally, some basic science projects are not well benchmarked to DOE targets (or clear DOE
targets do not exist), further complicating the process. One reviewer commended the existence of
aproject standard for collaboration, although others noted that collaboration could be difficult for
private industry, especially for competitors, for reasons like proprietary materials.

Length of Presentation: Some felt that presentation time should correspond to DOE funding
level. It was noted that this has been tried and is done to some extent, but is difficult to carry out
in atime-effective manner. Furthermore, it was mentioned that some projects had just started and
were not ready for presentation.

Intellectual Property Issues: Some Plswere not open about their projects for intellectual
property reasons. They need to come up with ways to talk about the project that do not runinto
this. Other reviewers noted that performance and cost reports are not proprietary. It was noted that
where IP presents real difficulties, reviewers could indicate this on the review forms for DOE to
pursue more closely in a private setting.
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Hydrogen Production:

0 Inter-program Coordination: Other DOE offices should be encouraged to make
presentations and/or attend the merit reviews. A lot of activities have been going onin
the synthetic coal and fuel processing area. What comes out of these would help the
hydrogen activities. Hence there should be coordination between the fossil, nuclear,
solar, and wind programs. Likewise, lessons on cost effectiveness and yield can be
learned form the solar industry, which suffered setbacksin their thin film production
efforts.

0 Lack of Environmental Discussion: Fuel cost targets were addressed but environmental
and other concerns were not addressed by the Pls.

o DOE Targets: Thetargets set forward by the government need to be reevaluated.

0 Benchmarks Project leaders need to come up with benchmarks and the science needsto
be benchmarked too. A limit needs to be set.

0 Hydrogen Initiative: The Hydrogen Initiative should generate targets similar to those for
FreedomCAR that break down to the component level.

o Component Synergies: It isdifficult to ook at synergies between components when they
are developed separately. There needsto be away to look at system trade-offs not only
in cost, but also in technical approach, that might not be apparent from the devel opment
of individual components. A hydrogen “well” to wheels model was suggested to assist
component makers.

0 Computational Techniques: There was very little use overall of computational
techniques, especially in chemistry projects, although thisis arelevant and popular
approach at thistime.

Additional Comments:
Demonstration projects are providing val uable data/feedback for the hydrogen/fuel cell
community.
Comments on diversity in technology were brought up during the discussion.
A challenge for next year would be to ook at the projects and see if some of those need to
stay or go to bring in new projectsin order to move forward to achieve the objectives.
One reviewer noted that reviewer comments sometimes come across as “random,” and that
they seem to be given equal weight regardless of relevance. It was noted that thisis not the
case, that they arein fact read in the context of the reviewer’ s background, and arenewed
effort should be made to select reviewers carefully and incorporate their comments coherently
into the report.
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APPENDIX C: HFCIT FY 2003 MERIT REVIEW AND PEER EVALUATION PROJECT EVALUATION FORM

2003 DOE HYDROGEN, FUEL CELLS, AND INFRASTRUCTURE TECHNOLOGIES
PROGRAM REVIEW MEETING
Project Evaluation Form

SESSION: PROJECT NO.: REVIEWER MAME:
PRESENTER: ORGANIZATION:
TITLE:

Using the following criteria, please rate the work prasented in the context of program objectives. Please provide specific
comments to support your evaluation. Note: These evaluation criteria have been modified to more clossly reflect the
Office of Manzgement and Budget's scoring criteria for applied RED investmeants.

1. Relevance to overall DOE objectives. The degrae to which the project supports the President's Hydrogen Fue
Initiative and the goals and objectives in the EERE Hydrogen, Fuel Cells, and Infrastructure Technologies Program R,
D, and D plan.

4 - Qutstanding. The project is critical to realization Specific Comments
of the President's hydrogen vision and fully supports
the objectives of the R, D, & D plan.

3 - Good Most aspects of the project align with the
President's Hydrogen Fuel Initiativeend R, D, & D
Plan objectives.

2 - Fair. The project partly supports the President's
Hydrogen Fuel Initiative and the R, D, & D Plan
abjectives.

1 - Poor. The project provides little support to the
President's Hydrogen Fuel Initiative and the R, D, & D
Plan objactives.

2. Approach to performing the research and development. The degree to which market barriers are addressed. The
degree to which the project is well-designed, integrated with other research, and technically feasible.

4 - Qutstanding. The project is sharply focused on Specific Comments.
one or maore key technical barriers to development of
hydrogen or fugl cell technologies. It is well integrated
and it is difficult for the approach to be improved
significantly.

3 -Good. The approach is generally well thought out
and effective, but could be improved in a few arsas.
Most aspects of the project will contribute to significant
progress in avercoming these barriers. Some
integration with other ressarch apparent.

2 - Fair. Some aspects of the project may lead to
progress in overcoming some barriers but the
approach has significant weaknesses.

1 -Poor. The approach is not responsive to the
project objectives and unlikely to make significant
confributions to overcoming the barriers.

{over)
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2003 DOE HYDROGEN, FUEL CELLS, AND INFRASTRUCTURE TECHNOLOGIES
PROGRAM REVIEW MEETING
Project Evaluation Form

3. Technical Accomplishments and Progress toward project and DOE goals. The degree to which research
progress is measured against peformance indicators. The degres to which the project elicits improved performance
(effectivensass, efficiency, and benefits.)

4 - Qutstanding. The project has made excellent Specific Comments:
progress toward overcoming one or mora key
technical barriers to development of automaotive fusl
cells as evidenced by progress measured against
performance indicators; progress to date suggests that
the barrier(s) will be overcome.

3 - Good. The project has shown significant progress
toward overcoming barriers as demonstrated against
performance indicators.

2 - Fair. The project has shown a madest amount of
prograss in overcoming barriers, and the overall rate
of progress has been slow.

1 - Poor. The project has demonstrated little or no
progress toward overcoming the barriers

4. Technology Transfer/Collaborations with Industry/Universities/Other Laboratories

4 - Qutstanding. Close coordination with other Specific Comments:
institutions is in place; industrial partners are full
participants.

3 - Good. Some coordination exists; full coordination
could be accomplished fairly quickly.

2 - Fair. Some coordination exists; full coordination
would take significant time and affort to initiata.

1 - Poor. Most or all of the work is done at the Lab with
little outside interaction

[OVeEr)
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2003 DOE HYDROGEN, FUEL CELLS, AND INFRASTRUCTURE TECHNOLOGIES
PROGRAM REVIEW MEETING
Project Evaluation Form

5. Approach to and Relevance of Proposed Future Research. The degree 1o which the project plan has off-
ramps, i.e., decision points where the project could be ended

4 - Qutstanding. Fulure work plan builds on past Specific Comments:
progress and is sharply focused on one ar mora key
technical barriers to development of automotive fues
cells in a timely mannar. Upcoming decisions and
project end points are clearly defined

3 - Good. Future work plan builds an past progress
and generally addrasses removing ar diminishing
barriers in & reasonable timeframe. Decisions points
defined.

2 - Fair. Future work plan may lead to improvements
but should be better focused on removing or
diminishing key barriers within a reasonable time
periad.

1 - Poor. Future work plan has little relevance or
bensfit toward eliminating barriers.

Specific Strengths and Weaknesses

Specific Recommendations/Additions or deletions to the work scope
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APPENDIX D: PROJECT LOCATOR, NUMERICALLY

l\lljtl;g]wgztr Project Title, Organization Category NE%gtfer
1 H, from Biomass. Catalytic Reforming of Pyrolysis Vapors, Hydrogen Production and 6
NREL Delivery
> H; from Post-Consumer Residues, NREL Hydrogen Production and 9
Delivery
3 Fluidizable Reforming Catalysts, NREL Hydrogen Production and 12
Delivery
4 Biohydrogen Production from Renewable Organic Wastes, Hydrogen Production and 14
ISU Delivery
5 Biological Water Gas Shift, NREL Hydrogen Production and 16
Delivery
6 Thermocatal ytic CO,-free Production of H, from HC Fuels, Hydrogen Production and 18
Florida Solar Energy Center Delivery
7 Novel Catalytic Fuel Reforming Using Micro-Technology Hydrogen Production and 20
with Advanced Separ ations Technology, InnovaTek Delivery
Engineering Devel opment of Ceramic Membrane Reactor Hydrogen Production and
8 Systems for Converting Natural Gasto Hydrogen & Syn Gas | Delivery »
for Liquid Transportation Fuels, Air Products & Chemicals
Inc.
9 Integrated Ceramic Membrane System for H, Production, Hydrogen Production and on
Praxair Délivery
10 Low Cost H; Production Platform, Praxair Hydrogen Production and %
Delivery
11 Defect-free Thin Film Membranes for H, Separation & Hydrogen Production and 28
Isolation, SNL Delivery
12 Maximizing Photosynthetic Efficiencies and H, Production in | Hydrogen Production and 31
Microalgal Cultures, UC Berkeley Delivery
13 Reformer Model Devel opment for Hydrogen Production, JPL | Hydrogen Production and 3
Delivery
14 Photoel ectrochemical H, Production, University of Hawaii Hydrogen Production and %5
Delivery
15 Photoel ectrochemical Water Splitting, NREL Hydrogen Production and 37
Delivery
16 Encapsulated Metal Hydride for H, Separation, SRTC Hydrogen Production and 29
Delivery
17 Economic Comparison of Renewable Sources for Vehicular Hydrogen Production and a1
Hydrogen in 2040, DTI Delivery
18 Biomass-Derived H, froma Thermally Ballasted Gasifier, Hydrogen Production and 3
lowa State University Delivery
19 Technical Analysis: Integrating a H, Energy Station Into a Technology Validation 258
Federal Bldg, TIAX
20 Evaluation of Protected Metal Hydride SurriesinaH, Mini- | Hydrogen Production and 45
Grid, TIAX Delivery
21 Validation of an Integrated System for a H,-Fueled Power Technology Validation 260
Park, Air Products
29 Novel Compression and Fueling Apparatus to Meet Hydrogen | Hydrogen Production and a7
Vehicle Range Requirements, Air Products & Chemicalsinc. | Delivery
23 Hawaii Hydrogen Power Park, University of Hawaii Technology Validation 262
24 Power Park, Pinnacle West Technology Validation 264
25 DTE Hydrogen Power Park, DTE Energy Technology Validation 266
26 Filling Up With Hydrogen 2000, Stuart Energy Technology Validation 268
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Mixtures of H, & Natural Gas (HCNG) for Heavy-Duty Technology Validation
27 o : . 270
Applications, Collier Technologies
o8 Toward the Devel opment of a Thermodynamic Fuel Cell, Other 299
SNL
29 Reduced Turbine Emission Using Hp-Enriched Fuels, SNL Other 301
Techno-Economic Analysis of H, Production by Gasification | Hydrogen Production and
30 . : 49
of Biomass, GTI Delivery
Supercritical Water Partial Oxidation, GA Hydrogen Production and
31 : 51
Delivery
32 Development of Efficient and Robust Algal Hydrogen Hydrogen Production and 53
Production Systems, ORNL Delivery
Hydrogen from Biomass for Urban Transportation, Clark Technology Validation
33 o 272
Atlanta University
Water-Gas Shift Membrane Reactor Studies, University of Hydrogen Production and
34 . : 55
Pittsburgh Delivery
36 Power Parks System Simulation, SNL Technology Validation 274
On-Site Hydrogen Generation & Refueling Station, Hyradix/ | Technology Validation
37 SunLine 276
38 Low Cost, High Efficiency Reversible FC Systems, Hydrogen Production and 56
Technology Management Inc. Dedlivery
High-Efficiency Steam Electrolyzer, LLNL Hydrogen Production and
39 X 58
Ddlivery
40 High Temperature Solid Oxide Electrolyzer System, INEEL Hydrogen Production and 60
Ddlivery
Photoelectrochemical H, Production Using New Hydrogen Production and
41 Combinatorial Chemistry Derived Materials, UC Santa Delivery 62
Barbara
Algal Hydrogen Photoproduction, NREL Hydrogen Production and
42 : 64
Delivery
43 Discovery of Photocatalysts for H, Production, SRI Hydrogen Production and 66
International Delivery
a4 DOE H, Composite Tank Program, Quantum Technologies Hydrogen Storage &
Inc.
45 Devel opment of a Compressed H, Gas Integrated Storage Hydrogen Storage 85
System, Johns Hopkins University/APL
46 H, Storage Using Lightweight Tanks LLNL Hydrogen Storage 88
47 Insulated Pressure Vesselsfor Vehicular Hydrogen Storage, Hydrogen Storage o1
LLNL
48 Low Permeation Liner for H, Gas Storage Tanks, INEEL Hydrogen Storage 93
49 Advanced Thermal Hydrogen Compression, ErgenicsInc. Hydrogen Production and 68
Delivery
50 Catalytically Enhanced H, Storage System, University of Hydrogen Storage %5
Hawaii
51 Hydride Development for Hydrogen Storage, SNL Hydrogen Storage 93
52 Hydrogen Storage Using Complex Hydrides, FSEC Hydrogen Storage 100
53 High-Density H, Storage Demonstration Using NaAlHy- Hydrogen Storage 103
Based Complex Compound Hydrides, UTRC
54 Standardized Testing Program for Emergent Chemical Hydrogen Storage 105
Hydride & Carbon Storage Technologies, SWRI
55 H, Storage in Carbon Nanotubes, NREL Hydrogen Storage 108
56 Doped Carbon Nanotubes for H, Storage, Westinghouse Hydrogen Storage 111
Savannah River Tech Center
H, Storage in Metal-Modified Single-Wall Carbon Nanotubes, | Hydrogen Storage
57 114
Caltech
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58 Hydrogen Storage Via Ammonia and Aminoborane, Florida Hydrogen Storage 117
Solar Energy Center

59 Development of a Turnkey H, Fueling Station, Air Products & | Hydrogen Production and 7
ChemicalsInc. Delivery

60 Autothermal Cyclic Reforming-Based H, Generating and Hydrogen Production and 3
Dispensing System, GE Energy Delivery

61 Development of a Natural Gasto H, Fueling System, GTI Technology Validation 278

63 H, Reformer, FC Power Plant, & Vehicle Refueling System, Hydrogen Production and 5
Air Products & ChemicalsInc. Delivery

64 Candidate Fuelsfor Vehicular Fuel Cell Power Systems: Hydrogen Production and 77
Stakeholder Risk Analysis, TIAX Delivery

65 Renewabl e Energy Transportation System, SunLine Technology Validation 280

66 H, Storage and Compression: LAX, Praxair Technology Validation 282

67 Study of Fuel Cell Water Transport with Neutron Imaging, Fud Cdls 121
NIST

68 Codes & Standards Analysis, University of Miami Safety, Codes & Standards 287

69 Hydrogen Codes and Standards, NREL Safety, Codes & Standards 289

70 Integrated Manufacturing For Advanced Membrane Fud Cdls 123
Electrode Assemblies, De Nora

71 Development Of High-Temperature Membranes & Improved | Fud Céls 126
Cathode Catalysts, UTC

72 Advanced MEA's for Enhanced Operating Conditions 3M Fuel Cdls 128

73 R& D on an Ultra-Thin Composite Membranes for High Fuel Cdls 130
Temperature Operation in PEMFCs, Fuel Cell Energy
Development Of High-Performance, Low-Pt Cathodes Fuel Cdls

74 Containing New Catalysts & Layer Structure, Superior 132
MicroPowders

75 Design & Installation of a Pilot Plant for High-Volume Fuel Cdls 134
Electrode Production, SwRI

76 Scale-Up of Carbon/Carbon Composite Bipolar Plates, Fuel Cdls 136
Porvair Corp.

77 High Temperature Polymer Membranes for Fuel Cells, Case | Fud Célls 138
Western Reserve University

78 Electrodes for PEMFC Operation on H, & Reformate, LANL | Fud Célls 142

79 New Electrocatalysts for FCs, LBNL Fuel Cdls 145

80 Low-Platinum Hydrous Metal Oxides for PEMFC Cathodes, Fuel Cels 148
NRL

81 Low-Platinum Loading Electrocatalysts, Brookhaven Fud Cdls 152
Nationa Laboratory

82 Microstructural Characterization of PEM Fuel Cells, ORNL | Fuel Cells 155

83 Bipolar Plate-Supported SOFC "TuffCell", ANL Fud Cdls 157

84 Coatingsfor Fuel Cell Air Compressors, ANL Fuel Cedls 159

85 Carbon Composite Bipolar Plate for PEM Fuel Cells, ORNL | Fuel Cédls 161

86 Cost-Effective Surface Modification for Metallic Bipolar Fud Cdls 163
Plates, ORNL

87 Carbon Foamfor Fuel Cell Humidification, ORNL Fud Cdls 165

88 Advanced Underground Vehicle Power & Control FC Mine Other 284
Locomotive, Vehicle ProjectsLLC

89 Sulfur Removal from Reformate, ANL Fud Cdlls 167

90 Assessment of FCs as Auxiliary Power Systems for Fuel Cdls 170
Transportation Vehicles, TIAX

91 Fuel Cell Reformer Emissions TIAX Fud Cdls 172

92 Fuel Processing of Diesel Fuel For APUs, NETL Fuel Cdls 174
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93 Gallium Nitride Integrated GasgTemp Sensors for FC Sys Safety, Codes & Standards 201
Monitoring for H, & Carbon Monoxide, Peterson Ridge LLC

04 Fiber-Optic Temperature Sensor for PEM Fuel Cells Fuel Cedls 177
Monitoring, ORNL

95 Sel ective Catalytic Oxidation of Hydrogen Sulfide, ORNL Fuel Cdls 179

% SOFC Auxiliary Power Unitsfor Long-Haul Trucks: Fuel Cedls 181
Modeling and Control , PNNL

99 Diesel Reforming, ANL Fuel Cedls 183

100 Fast Start Reformer Components, LANL, ORNL, and PNNL | Fud Céls 185

101 Fuel Cell Systems Analysis, ANL Fud Cdls 187

102 Fuel Cell Vehicle Systems Analysis, NREL Fuel Cedls 190

103 Cost Analyses of Fuel Cell Stacks/Systems, TIAX Fuel Cedls 193

104 Precious Metal Availability & Cost Analysisfor PEMFC Fuel Cells 195
Commercialization, TIAX

105 DFMA Cost E_sti mate of F_C/ Reformer System at Low, Fuel Cdls 197
Medium, & High Production Rates, DTI

106 Water-Gas Shift Catalysis, ANL Fud Cdls 199

107 Catalysts for Autothermal Reforming, ANL Fud Cdls 201

108 Development of WGS Membrane Reactor, Ohio State Fud Cdls 203
University

109 OnBoard \_/ehicl e, Cost Effect_ive Hydrogen Enhancement Fuel Cdls 205
Technologies for Transportation PEMFCs, UTRC

110 Advanced High Efficiency Quick Start Fuel Processors for Fuel Cdls 207
Transportation Applications Nuvera

111 Fuel Cell Distributed Power Package Unit: Fuel Processing | Hydrogen Production and 79
Based on Autothermal Cyclic Reforming, GE Delivery

112 Plate-Based Fuel Processing System Catalytica Fuel Cdls 209

113 Quick-Sarting Fuel Processors, ANL Fuel Cdls 211

114 Progressin Microchannel Steam Refor mation of Fue Cdls 215
Hydrocarbon Fuels, PNNL

115 Reffor_mate Clean-Up: The Case for Microchannel Fuel Cdls 218
Architecture, PNNL

116 Fuel Processorsfor PEM FCs, University of Michigan Fuel Cdls 220

117 Direct Methanol Fuel Cells, LANL Fud Cdls 222

118 Devel opment of Advanced Catalysts for DMFCs, JPL Fuel Cdls 225

119 Fuel Cell Power System for Transportation - Gasoline Fuel Cdls 228
Reformer, UTCFC

120 PEMFEC Power System on Ethanol, Caterpillar, Inc. Fud Cdls 230

121 New Solid Sulfide Thio-acid Membranes for High Fuel Cdls 232
Temperature PEMFCs, lowa State University

122 Effects of Fuel Composition on Fuel Processing, ANL Fuel Cdls 235

123 Testing of Fuelsin Fuel Cell Reformers, LANL Fuel Cdls 237

124 Carbon Monoxide Sensors for Reformate-Powered FCs, Fud Cdls 240
LANL

125 Electrochemical Sensorsfor PEMFC Vehicles, LLNL Fud Cdls 242

126 Interfacial Sability of Thin FilmH, Sensors, NREL Safety, Codes & Standards 293

127 Development of Sensors for Automotive PEM-Based Fuel Fud Cdls 245
Cells, UTCFC

128 Micro-Machined Thin Film H, Gas Sensors, Adv Tech Safety, Codes & Standards 206
MaterialsInc.

129 Sensor Development for PEMFC Systems, Honeywell Sensing | Fuel Cells 247
& Controls

130 Fuel Cell Turbocompressor, Honeywell Fue Cdls 249
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Development of a Torroidal Intersecting Vane Machine Air Fuel Cdls

131 Management System for Automotive Fuel Cell Systems, 251
Mechanology, LLC

132 PEM Fuel Cell Air Blowers, UTCFC Fud Cdls 253
DOE Compressor/Expander Module Development Program, Fuel Cdls

133 255
TIAX
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