U.S. DEPARTMENT OF

ENERGY

'ﬁ —*4 N 2

3
=

May 9-13,2011

Hydrogen and Fuel
Cells Program
2011 Annual

Merit Review and Peer
Evaluation Report

DOE/G0-102011-3384
September 2011



About the Cover
Photo collage (from top to bottom, left to right):

NREL hydrogen-powered internal combustion engine (H2ICE) bus. Photo courtesy of National
Renewable Energy Laboratory (NREL PIX 17644).

Telecommunications backup at ReliOn deployment site. Photo courtesy of ReliOn (NREL PIX
17877).

Hydrogen storage tank. Photo courtesy of Quantum Technologies.

Theoretical models of surface metal dissolution corrosion in photoelectrochemical hydrogen
production. Image courtesy of Lawrence Livermore National Laboratory.

The image is of NU-100, a new high-surface area (>6000 m*/gram) metallorganic framework
material that has a measured hydrogen adsorption capacity of greater than 8 wt.% at 77 Kelvin
and 70 bar pressure. Image courtesy of Northwestern University.

Advanced and alternative fuel vehicles and infrastructure at Sunline Transit Agency. Photo
courtesy of National Renewable Energy Laboratory (NREL PIX 12733).

Fuel cell mobile lighting at space shuttle launch. Photo courtesy of NASA (NREL PIX 19696).

Webline fuel cell manufacturing equipment. Photo courtesy of National Renewable Energy
Laboratory (NREL PIX 18309).

Photo on right:

U.S. Capitol Building. Photo courtesy of U.S. Government, Architect of the Capitol.



U.S. Department of Energy Hydrogen and Fuel Cells Program

2011 Annual Merit Review
and
Peer Evaluation Report

May 9-13, 2011
Arlington, VA

September 2011 DOE/GO-102011-3384



NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility
for the accuracy, completeness, or usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to
any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring
by the United States government or any agency thereof. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States government or any
agency thereof.

Available electronically at http://www.osti.gov/bridge

Available for a processing fee to U.S. Department of Energy
and its contractors, in paper, from:

U.S. Department of Energy

Office of Scientific and Technical Information

P.O. Box 62

Oak Ridge, TN 37831-0062

phone: 865.576.8401

fax: 865.576.5728

email: mailto:reports@adonis.osti.gov

Available for sale to the public, in paper, from:
U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
phone: 800.553.6847
fax: 703.605.6900
email; orders@ntis.fedworld.gov
online ordering: http://www.ntis.gov/ordering.htm

I 4
'..‘ Printed on paper containing at least 50% wastepaper, including 20% postconsumer waste


http://www.osti.gov/bridge
mailto:reports@adonis.osti.gov
mailto:orders@ntis.fedworld.gov
http://www.ntis.gov/ordering.htm

TABLE OF CONTENTS

Table of Contents

1] oo 11 T oo 1
Hydrogen Production @nd DEIIVEIY ......uccucciicerrsirririerssesssessssessssssssssssssssssssssssssssessssssssssssssssssnsssssssasssnsenns 9
PD-002: Biomass-Derived Liquids Distributed (Agueous Phase) RefOrming ......ccoeneeoniseceeeeesvessesessenvneas 13
PD-004: Distributed Bio-Oil RETOIMNING ...ttt 16
PD-007: Composite Palladium and Alloy Porous Stainless Steel Membranes

for Hydrogen Production and Process INteNSIfICatiON ...ttt 19
PD-008: Development of Robust Hydrogen Separation MEMDIANES ... 24
PD-009: Scale-Up of Hydrogen Transport Membranes for IGCC and FutureGen Plants ..., 28
PD-O11; Advanced Palladium Membrane Scale-Up for Hydrogen Separation........cccoeoneeceeesoeeceeeneseseeeon, 33
PD-013: Membrane/Electrolyzer Development in the Cu-Cl Thermochemical CYCle. ..., 37
PD-014: Hydrogen Delivery INfrastrUCTUre ANGIYSIS. ... es e 4]
PD-015: HYArOGEN DEINVEIY ANGIYSIS .ottt ettt 45
PD-016: Oil-Free Centrifugal Hydrogen Compression Technology Demonstration.......ccoceeceeeeonveveeeenon, 50
PD-017: Development of a Centrifugal Hydrogen Pipeling Gas COMPIESSOL ..o 53
PD-018: Advanced Hydrogen LiGUETACTION PrOCESS .......ocieeeeeieveeees s s st 56
PD-020: Inexpensive Delivery of Cold Hydrogen in Glass Fiber Composite Pressure Vessels.......ccocvvceeennann. 59
PD-021: Development of High Pressure Hydrogen Storage Tank for Storage and Gaseous Truck Delivery ....62
PD-022: Fiber Reinforced CoOmMPOSITE PIDEIINES ..ottt
PD-024: Composite Technology for Hydrogen Pipelines
PD-025: Hydrogen Embrittlement of STrUCTUIal STEEIS ... 73
PD-027: Solar High-Temperature Water Splitting Cycle with Quantum BOOST ..., 77
PD-028: Solar-Thermal Atomic Layer Deposition Ferrite-Based Water Splitting CyclesS.......covvvvivceecvececeeen, 81
PD-029: High-Capacity, High-Pressure Electrolysis System with Renewable Power Sources........cccccovveveeecnae.. 85
PD-030: PEM Electrolyzer Incorporating an Advanced Low Cost MemMbBIrane ... 88
PD-03: Renewable Electrolysis Integrated System Development and TeSTING ..o 91
PD-033: Nano-Architectures for Third-Generation PEC Devices: A Study

of MoS,, Fundamental Investigations, and Applied RESEAICN ... 94
PD-035: Semiconductor Materials for PROtOIECIIOIYSIS ...ttt
PD-036: Maximizing Light Utilization Efficiency and Hydrogen Production in Microalgal Cultures
PD-037: Biological Systems for Hydrogen PhotoprodUCTION ...t 105
PD-038: Fermentation and Electrohydrogenic Approaches to Hydrogen Production ..., 109
PD-039: Hydrogen from Water in a Novel Recombinant Oxygen-Tolerant Cyanobacterial System.................. n4
PD-048: Electrochemical HYdrogen COMPDIESSON .....iceeeeeeeeeeeeeeeesses ettt n8
PD-049: Integrity of Steel Welds in High-Pressure Hydrogen EnVIroNMEeNt ......c.coveoeeoieeeeeeceeeeeeeeeeeeeeeee e 121
PD-0O5T: Characterization of Materials for Photoelectrochemical Hydrogen Production..........cccceeeeevvcevcceenin. 124
PD-053: Photoelectrochemical Hydrogen ProTUCION ...ttt 127

FY 2011 Merit Review and Peer Evaluation Report | Ixiii



TABLE OF CONTENTS

PD-056: Critical Research for Cost-Effective Photoelectrochemical Production of Hydrogen......cccovvivevn. 130
PD-058: Characterization and Optimization of Photoelectrode Surfaces

for Solar-to-Chemical FUEI CONVEISION ...t 133
PD-070: One Step Biomass Gas Reforming-Shift Separation Membrane Reactor. ... 136
PD-071: High Performance, Low Cost Hydrogen Generation from Renewable ENergy ..., 140
PD-073: Zeolite Membrane Reactor for Water-Gas-Shift Reaction for Hydrogen Production ..., 143
PD-08T: Solar to Hydrogen Production with a Metal Oxide Based Thermochemical CycCle........oooveierceereene. 145
PD-084: Advanced Hydrogen Transport Membranes for Coal GasifiCation ..., 151
PD-085: Hour-by-Hour Cost Modeling of Optimized Central Wind-Based Water Electrolysis Production .......155
PD-086: Pilot Water Gas Shift - Membrane Device for Hydrogen from Coal ... 158
PD-088: Vessel Design and Fabrication Technology for Stationary High-Pressure Hydrogen Storage............. 162
L 170 [ oY 1= g Y e Ve - 165
ST-001: System Level Analysis of Hydrogen Storage OPLioNS ...ttt 168
ST-002: Analyses of Hydrogen Storage Materials and Onboard SYSTEMS.........coveieeeeieceeeeee s 173
ST-004: Hydrogen Storage Engineering Center Of EXCOIBNCE ...t 176
ST-005: Systems Engineering of Chemical Hydride, Pressure Vessel, and Balance

of Plant for ONboard HYArOGEN SEOTATE .. ..ottt 180
ST-006: Advancement of Systems Designs and Key Engineering Technologies

for Materials Based HYArOGEN STOMGTE ... ..ottt 183
ST-007: Chemical Hydrogen Storage Materials Rate Modeling, Validation, and System Demonstration......... 187
ST-008: System Design, Analysis, Modeling, and Media Engineering Properties

fOr Hydrogen ENEIGY STOTATE ..ottt 191
ST-009: Optimization of Heat Exchangers and System Simulation of Onboard Storage Systems Designs .... 194
ST-010: Ford/BASF/University of Michigan Activities in Support of the Hydrogen

Storage Engineering Center Of EXCIENCE ... ettt 197
ST-013: Composite Materials for Hazard Mitigation of Reactive Metal Hydrides ........cccooovoviecceonvceceeeecevereenn 199
ST-018: A Biomimetic Approach to Metal-Organic Frameworks with High Hy Uptake.....cooceeceviveeceececieee,
ST-019: Multiply Surface-Functionalized Nanoporous Carbon for Vehicular Hydrogen Storage
ST-021: Weak ChemiSOrPtioN ValidatiON ...ttt
ST-022: A Joint Theory and Experimental Project in the Synthesis and Testing

of Porous COFs/ZIFs for Onboard Vehicular Hydrogen StOrage ... oo 212
ST-023: New Carbon-Based Porous Materials with Increased Heats of Adsorption for Hydrogen Storage.....215
ST-024: Hydrogen Trapping through Designer Hydrogen Spillover Molecules

With Reversible Temperature and Pressure-Induced SWItChiNg ..o 218
ST-027: Tunable Thermodynamics and Kinetics for Hydrogen Storage:

Nanoparticle Synthesis Using Ordered Polymer TEMPIALES. ... 221
ST-028: Design of Novel Multi-Component Metal Hydride-Based Mixtures for Hydrogen Storage.................... 225
ST-031: Advanced, High-Capacity Reversible Metal Hydrides.. ..o 230
ST-032: Lightweight Metal Hydrides for Hydrogen StOrage ...t 233
ST-034: ATUMINUM HYAIAE oottt 237

Ixiv | FY 2011 Merit Review and Peer Evaluation Report



TABLE OF CONTENTS

ST-038:
ST-040:
ST-044:

ST-045:

ST-046:
ST-047:
ST-048:
ST-050:
ST-052:
ST-053:
ST-063:
ST-070:
ST-085:
ST-093:
ST-096:
ST-097:

Fuel Cells
FC-001:
FC-002:
FC-006:
FC-007:
FC-008:
FC-009:

FC-010:
FC-O1

FC-012:
FC-013:
FC-014:
FC-015:
FC-016:
FC-017:
FC-018:
FC-020:
FC-021:
FC-023:

Hydrogen Storage by Novel CBN Heterocycle MaterialS. ... 240
Liguid Hydrogen SEOrage MaterialS. ...ttt 244
SRNL Technical Work Scope for the Hydrogen Storage Engineering Center
of Excellence: Design and Testing of Metal Hydride and Adsorbent Systems ..., 247
Key Technologies, Thermal Management, and Prototype Testing
for Advanced Solid-State Hydrogen Storage SYSEEMS ...t 251
Microscale Enhancement of Heat and Mass Transfer for Hydrogen Energy Storage.......covvvecneen. 254
Development of Improved Composite Pressure Vessels for Hydrogen Storage ..., 258
Hydrogen Storage Materials for Fuel Cell Powered VeNICIeS ..o 262
Hydrogen Storage through Nanostructured Porous Organic Polymers (POPS) ..., 266
Best Practices for Characterizing Engineering Properties of Hydrogen Storage Materials................. 269
Lifecycle Verification of POlYMEriC STOrage LINEIS. ... 272
Electrochemical Reversible FOrmation Of AlGNE ... 276
Amide and Combined Amide/Boronydride INVESTIGATIONS. ... eeseesees e eeseees s 279
HGMS: Glasses and Nanocomposites for Hydrogen Storage ... 282
Melt Processable PAN Precursor for High Strength, Low-Cost Carbon FIbers......cccooviveecvcvvceeeninn, 286
Analysis of H, Storage Needs for Early Market Non-Motive Fuel Cell Applications.......ccccccvevceevceevnenee. 289
Analysis of Storage Needs for Early Motive Fuel Cell Markets ... 292
.................................................................................................................................................. 295
Advanced Cathode Catalysts and Supports for PEM FUEl CellS ... 298
Highly Dispersed Alloy Catalyst fOr DUIGDITY ..ottt 302
Durable Catalysts for Fuel Cell Protection During Transient Conditions .........cccevovivvceececsieseenesinnnens 305
Extended, Continuous Platinum Nanostructures in Thick, Dispersed Electrodes ..., 310
Nanosegregated Cathode Catalysts with Ultra-Low Platinum LOading ... 315
Contiguous Platinum Monolayer Oxygen Reduction Electrocatalysts on
High-Stability, LOW-COSt SUDDOITS ..ottt 320
The Science and Engineering of Durable Ultralow Platinum Group Metal CatalystsS. ..., 325
Molecular-Scale, Three-Dimensional Non-Platinum Group Metal Electrodes
for Catalysis Of FUEI Cell REACTIONS........o. ettt 330
Polymer Electrolyte Fuel Cell Lifetime Limitations: The Role of Electrocatalyst Degradation.............. 335
Durability Improvements through Degradation Mechanism StUAIES ...

Durability of Low Platinum Fuel Cells Operating at High Power Density

Improved Accelerated Stress Tests Based 0N FCV Data ..o

Accelerated TeSHNG ValOAtION ...t 349
FUBT CllS SYSEEIMS ANGIYSIS ..ottt sttt 353
Manufacturing Cost Analysis Of FUEI Cell SYSLEMS ... 357
Characterization Of FUel Cell MAtErIalS ...t 361
Neutron Imaging Study of the Water Transport in Operating Fuel CellS ..., 364
Low Cost PEM Fuel Cell Metal BipOIar PIATES ...ttt 367

FY 2011 Merit Review and Peer Evaluation Report | Ixv



TABLE OF CONTENTS

FC-024:

FC-025:

FC-026:

FC-027:

FC-028:
FC-030:

FC-031:

FC-032:
FC-036:

FC-037:

FC-038:

FC-039:

FC-040:

FC-041:

FC-042:

FC-043;
FC-044:
FC-048:

FC-049:

FC-05T:

FC-052:
FC-054:
FC-063:
FC-064:
FC-065:
FC-067:
FC-070:

FC-O71.
FC-072:
FC-075:

FC-076:

FC-077:

Metallic Bipolar Plates with COmMPOSItE COTEINGS. ... 371
Air Cooled StACK Fre@ZE TOIBIANCE ... e e 375
Fuel-Cell Fundamentals at Low and SUDZero TEMPEIATUIES ........couvwrverrerienresieeseeeeeeeesesesseeeseeesenes 379
Development and Validation of a Two-Phase, Three-Dimensional Model

FOI PEM FUBT CRIIS oot 382
Transport Studies Enabling Efficiency Optimization of Cost-Competitive Fuel Cell Stacks.................. 386
Water Transport in PEM Fuel Cells:

Advanced Modeling, Material Selection, Testing, and Design Optimization ..., 390
Development and Demonstration of a New Generation, High Efficiency

10 kW Stationary PEM FUEI Call SYSTOM ...ttt 394
Development of a Low Cost 3-10 kW Tubular Solid Oxide Fuel Cell Power System ...t 397
Dimensionally STable MEMIDIANES ...ttt 401
Rigid Rod Polyelectrolytes: Effect on Physical Properties; Frozen-In Free Volume:

High Conductivity at Low Relative HUMIAITY ..ot 406
Nanocapillary Network Proton Conducting Membranes for High Temperature

HYArOGEN/AIT FUET CRIIS ..ottt et ee e en s eeee e 409
Novel Approaches to Immobilized Heteropoly Acid Systems for High Temperature,

Low Relative Humidity Polymer-Type MeMIDIaNES. ..ot 414
High Temperature Membrane with Humidification-Independent Cluster Structure ..., 418
Novel Approach to Advanced Direct Methanol Fuel Cell Anode CatalystS.....coeciineceeccecsceeen, 4272
Advanced Materials for Reversible SOFC Dual Mode Operation

WITN LOW DEGIATATION ..ottt 427
Resonance-Stabilized Anion Exchange Polymer EIeCErOIVEES ... 43]
Engineered Nanoscale Ceramic Supports for PEM FUEI CellS ... 435
Effect of System and Air Contaminants on PEM

Fuel Cell Performance and DUFGDIEY ...t 439
Development of Micro-Structural Mitigation Strategies for PEM Fuel Cells: Morphological

Simulations and EXperimental APDPIOGCNES ........oviirireinsereseeessssesssss st 443
Fuel Cell Testing at the Argonne Fuel Cell Test Facility: A Comparison

of United States and European Union TeSt PrOtOCOIS ... 446
Technical ASSISTANCE £0 DOVEIOPREIS ...ttt 449
TransSPOrt iN PEM FUBT COIl STACKS ...ttt 453
Novel Materials for High Efficiency Direct Methanol FUel CellS ... 457
New MEA Materials for Improved DMFC Performance, Durability, and CoSt .......cccceviivvcvececsicsieeeiea. 461
The Effect of Airborne Contaminants on Fuel Cell Performance and Durability ..., 465
Materials and Modules for Low-Cost, High Performance Fuel Cell Humidifiers........coooevvcecevceninvn. 469
Development of Kilowatt-Scale Fuel Cell TEChNOIOGY ... .o 473
Alternative Fuel Membranes for Energy INAdeRENAENCE. ..o 476
Extended Durability Testing of an External Fuel Processor for SOFC.......eivesveeecesies e 480
Fuel Cell Balance of Plant Reliability TESTDEA ...t 483
BIOMASS FUBH CII SYSTEMIS ..ottt et 487
Fuel Cell Coolant Optimization aNd SCAlE-UD ...t 490

Ixvi | FY 2011 Merit Review and Peer Evaluation Report



TABLE OF CONTENTS

FC-078: 21st Century Renewable Fuels, Energy, and Materials INtiatiVe ... 494
FC-079: Improving Fuel Cell Durability and REHADITTY ..o 498
FC-080: Solid Oxide Fuel Cell Systems Print Verification Line (PVL) Pilot LiN€....o.ovoeoioeeeeeeeceeeeeeeeeceeeeeen 501
FC-081: Fuel Cell Technology Status - Voltage Degradation.........eeeeeeeeeeeeeseere st 504
FC-083: Enlarging the Potential Market for Stationary Fuel Cells through System Design Optimization........ 508
FC-084: WOz and HPA Based System for Ultra-High Activity and Stability

of Platinum Catalysts in PEMFC CatNOTES ... 51
FC-085: Synthesis and Characterization of Mixed-Conducting Corrosion Resistant Oxide Supports................ 515
FC-086: Development of Novel Non-Pt Group Metal Electrocatalysts for Proton

Exchange Membrane Fuel Cell APRIICATIONS. ...t 520
FC-087: High-Activity Dealloyed CAtalYSTS ... 524
FC-088: Development of Ultra-Low Platinum Alloy Cathode Catalyst for PEM Fuel Cells......coovvecvcvveeeiiiee. 528
FC-089: Analysis of Durability of MEAs in Automotive PEMFC APPICAtIONS ... 532
FC-090: Corrugated Membrane FUEl Cell SErUCTUIES ...ttt 536
FC-091: Advanced Materials and Concepts for Portable Power FUel CellS ..., 540
FC-092: Investigation of Micro- and Macro-Scale Transport Processes for Improved

FUBT CEIl PEITOIMANCE ..ottt 544
L FE T U] = ot AT T Y TN 1 549
MN-00T: Fuel Cell Membrane Electrode Assembly Manufacturing Research and Development.......cccccccvecveieae. 551
MN-002: Reduction in Fabrication Costs of Gas DiffUSION LAYEIS .....wcveceiiseeeeeiesessesies s 555
MN-003: Modular, High-Volume Fuel Cell Leak-Test SUite and ProCess........oeeeeeeeeeeeceeoeeeeeeeeeveeveeee e 558
MN-004: Manufacturing of Low-Cost, Durable Membrane Electrode Assemblies Engineered

fOr RAPDIA CONTIEIONING ¢ttt ettt ettt ettt 561
MN-005: Adaptive Process Controls and Ultrasonics for High Temperature PEM Membrane

Electrode ASSEMDIY MANUACTUIE . ...ttt ettt 564
MN-006: Metrology for FUel Cell ManUIACTUIING ..ottt 567
MN-007: High Speed, Low Cost Fabrication of Gas Diffusion Electrodes for Membrane

ElECTIOAE ASSEMIDIIES ...t e 570
MN-008: Development of Advanced Manufacturing Technologies for Low Cost Hydrogen

SEOMAGE VESSEIS ...ttt ettt 573
B I =Teda T2 Te] (oo AV AV =1 [T = 1 T o TS 577
TV-001: Controlled Hydrogen Fleet and INfrastruCture ANGIYSIS ..o 579
TV-006: Validation of an Integrated Hydrogen ENergy StatioN ...t 581
TV-007: California Hydrogen INfrastrUCTure PrOJECT ... 584
TV-008: Technology Validation: Fuel Cell BUS EVAIUGLIONS . ...ttt 586
TV-009: Hawaii HydroGen POWET PAIK ..ot 588
TV-012: FIOrda HYArOGEN INITIBLIVE ...ttt 590

FY 2011 Merit Review and Peer Evaluation Report | Ixvii



TABLE OF CONTENTS

Y=Y =1 V28 @06 Yo [=T3= T To IS = o Lo 1= e L3 593
SCS-00T: National Codes and Standards TEMPIATE. ... 595
SCS-002: Component Standard Research and DeVelOpMENT ... 598
SCS-003: Codes and Standards Outreach for Emerging Fuel Cell TEChNOIOGIES..........vvvvrveerrricriiereeeeeenenns 601
SCS-004: Hydrogen Safety, Codes and Standards: SENSOIS ...t 604
SCS-005: Materials and Components COMPATIDITY ... 607
SCS-006: Hydrogen Safety KNOWIEAGE TOOIS. ...ttt 610
SCS-007: HYArOgen FUET QUAITY ...t en e 613
SCS-008: HYArOGEN SATELY PANEL.....iiceeeeee ettt 615
SCS-010: Research and Development Program for Safety, Codes and Standards..........orrcnenenn: 618
SCS-012: FOrklift Tank TeSHING AN ANGIYSIS ...ttt 621
SCS-014: Safe Detector System for HYyArogenN LEAKS ... 625
SCS-015: Hydrogen Emergency Response Training for First RESPONAEIS.........covveveeoivieeeeceeeeeeeeeeveeeeesveeee o 628
SCS-017: Hydrogen Safety Training for Researchers and Technical Personnel.........oooeceeoeececeeee. 630
Lo 11 Tof 1 1 o) o
ED-003: Hydrogen and Fuel Cell Education at California State University, Los Angeles
ED-004: Hydrogen Energy in Engineering EAUCAtIoN (H2E3) ...
ED-005: Hydrogen Education Curriculum Path at Michigan Technological UniVersity ...,
ED-006: Hydrogen and Fuel Cell Technology Education Program (HFCT) ... 645
ED-007: Development of a Renewable Hydrogen Production and Fuel Cell Education Program...........c........... 648
ED-008: Dedicated to the Continued Education, Training, and Demonstration of PEM Fuel Cell Powered

Lift Trucks in Real-World APDIICATIONS. ...ttt 651
ED-010: Development of Hydrogen Education Programs for Government OffiCialS......cccoveeeivieececvcevceeenen. 655
ED-O11: Virginia, Maryland, and Washington, D.C. Hydrogen Education for Decision Makers ..., 658
ED-012: State and Local GovernmMeNnt PartNerSNID ... eeveeeee s 661
ED-013: Raising Hydrogen and Fuel Cell Awareness in Ohio
ED-014: H2L3: Hydrogen Learning fOr LOCAl LEAUELS ...
ED-015: Hydrogen Education State Partnership Program ...
ED-076: Hydrogen Technology and Energy Curriculum (HYTEC) ...t 673
ED-017: H2 Educate! Hydrogen Education for Middle SCROOIS ...t 676
ED-019: Employment Impacts of Early Markets for Hydrogen and Fuel Cell Technologies ..., 679
[\ T L= = 10Ty Lo .4 T o T o R 683
MT-00T: Assessment of Solid Oxide Fuel Cell Power System for Greener Commercial Aircraft......ccccoovvvvenean 685
MT-002: PEM Fuel Cell Systems for Commercial Airplane SYStemMS POWEN ... 688
MT-003: GPEEN COMIMUINITIES wooovvtvieesiesseeessees et 691
MT-004: Direct Methanol Fuel Cell Material Handling Equipment Demonstration ..., 694
MT-005: Bus Fleet and INfrastructure DeRIOYMENT ... e 697

Ixviii | FY 2011 Merit Review and Peer Evaluation Report



TABLE OF CONTENTS

MT-006: Fuel Cell Combined Heat and Power Industrial Demonstration ... 699
MT-007: LaNAFill GaS—TO-HYUIrOGEN ...ttt 703
MT-008: Hydrogen Energy Systems as a Grid Management TOO! ... 706
MT-009: Economic Analysis of Bulk Hydrogen Storage for Renewable Utility Applications ........ccccvvevvcveceicnnnne 710
MT-010: FUEl Cll MODIIE LIGNTING. ittt 713
B 53 =T T 4 T 117 £ 717
AN-001: Infrastructure Analysis of Early Market Transition of Fuel Cell VENICIeS ... 719
AN-002: Analysis of the Effects of Developing New Energy INfrastruCturesS. ... 722
AN-006: Cost and Greenhouse Gas Implications of Hydrogen for Energy Storage......oceceecesoeceecesen 726
AN-010: Fuel Quality Effects on Stationary FUel Cell SYSTEMS ...t 730
AN-O1T: MACEO-SYSEEIM MOUEB ...ttt 732
AN-012: GREET Model Development and Life-Cycle Analysis APPIICATIONS ... 734
AN-013: Emissions Analysis of Electricity Storage With HYAroQeN . ...t 737
AN-014: Energy Informatics: Support for Decision Makers through Energy, Carbon, and Water Analysis...... 740
AN-015: Non-Automotive Fuel Cells: Market Assessment and Analysis of Impacts of Policies......c.ccccccvvennne. 743
AN-0716: NEMS-H,: Hydrogen's Role in Climate Mitigation and Oil Dependence Reduction ........ccccceeevvcvveennne. 746
AN-017: Developments in the Hydrogen Demand and Resource Assessment (HyDRA) Model:

Improvements in Data Interoperability, Availability, and QUEIYING ... 748
AN-018: Hydrogen Infrastructure Market REadineSS ANGIYSIS ...ttt 751
AN-019: Rethinking U.S. Hydrogen Infrastructure Transition Scenarios: What comes next? ..., 754
American Recovery and ReinvestMent AC ... s s s sssssssssssssssssnns 757
H2RA-002:  Solid Oxide Fuel Cell Diesel Auxiliary Power Unit DEmMONSration ........cccocveeeinieeeeesessseseseseessvennes 759
H2RA-003: Highly Efficient, 5 kW Combined Heat and Power Fuel Cells Demonstrating Durability

and Economic Value in Residential and Light Commercial Applications ......cccooeeceiecseeecececeeeeess 762
H2RA-004:  Advanced Direct Methanol Fuel Cell for Mobile COMPULING ....ovieieieeeeeeeeeeeeeeeee e 766
H2RA-005:  Jadoo Power Fuel Cell DEMONSTIATION ...t 769
H2RA-006:  PEM Fuel Cell Systems Providing Backup Power to

Commercial Cellular Towers and an Electric Utility Communications NetwWork ........c.cccoeeevevcevceeeeionnenn. 772
H2RA-007:  Accelerating Acceptance of Fuel Cell Backup POWEr SYSTEMS ... 775
H2RA-011: GENCO Fuel Cell Powered Lift Truck Fleet DeploYMENT ... 778
H2RA-012: Use of 72-Hour Hydrogen PEM Fuel Cell Systems

to Support Emergency ComMMUNICATIONS ...ttt 781
H2RA-013: Analysis Results for ARRA Projects: Enabling Fuel Cell Market Transformation........cccccevveceecveennn. 784
12 o] 1= Lo 1 N 2N 1 =] Lo [T N 787
Appendix B: SUb-Program COMMENES........cccvvervireirrirrtrcereersees e sseesseessesssmessmessmsssssssssesssesssesssessnssas 817

FY 2011 Merit Review and Peer Evaluation Report | IXix



TABLE OF CONTENTS

Appendix C: EVAlUQtioN FOIMS.......cvcrerersrreirresrresrsssrsssssssssessesssssssessssssnsssssssssssssssssssssesssssssesnssanes

Appendix D: Projects NOt REVIEWE ........cvceviiiiirieiiirii e ssssssssssessssssssssssssnsssssssssssssssssssssesssessness

APPENIX E: SUIVEY RESUIES ...ciiiieiiiiiiiieiiiissisiessssssssssssssss s ssssssssnsssssssssssssssssssssssssssssssasssssnssssnssssasssnsnssnnns

Ixx | FY 2011 Merit Review and Peer Evaluation Report



	About the Cover
	Title Page
	Disclaimer
	Table of Contents



