
Index

a
ABAQUS model 147
AC machines 8, 9
active wheel system 10
adiabatic water–gas shift reactors 244
advanced solid-state hydrogen storage

systems 149
AFP. see advanced fiber placement (AFP)
agro-industrial wastes 297
air mixtures
– ignition and combustion properties 372, 373
air pollution 248
alane (AlH3) 157
alkaline electrolysis, perspectives for 353
aluminium-based alloys 131
ambient conditions 12
American Recovery and Reinvestment Act

(ARRA) 260, 340
aminolysis 149, 157
ammonia (NH3) 23, 24, 25, 28, 149, 151, 155,

157, 160, 277, 279, 297, 300
animal manure 297
anion exchange membrane (AEM)

electrolyzers 346
anode-supported cells (ASCs) 249
APUs. see Auxiliary power units; auxiliary

power units (APUs)
ARRA. see American Recovery and

Reinvestment Act
ARTEMIS project 14
ASTM D 6751 specification 188
automotive battery technologies 7
automotive fuel cells 111
– technology 75
automotive hydrogen storage 81
automotive industry 332
automotive OEMs 42
auto thermal reforming (ATR) 249
auxiliary power units (APUs) 185, 248

– diesel fuel 186
–– ASTM D 975 187
–– EN 590 187
–– hydrocarbons 186
–– non-petroleum-based diesel fuels 187–189
–– petroleum-based 186, 187
– fuel-cell-based aircraft 185
– fuel cell systems 185
– jet fuel 189
–– non-petroleum-based jet fuels 190
–– petroleum-based 189,190
– liquefied natural gas (LNG) 190–192
– LPG 230
– methanol 192–194
– mobile applications of 252
– PEFC systems 229
–– with hydrogen 229
–– integration of 229
– PEFC-technology 231
– PEM fuel cells in civil aircraft 229
– polymer electrolyte fuel cell (PEFC) 225
– premium diesel fuels, properties of 187
– reforming technologies (see reforming

technologies, for APUs)
average pressure ramp rates (APRRs)
– in non-communication fueling 182

b
backup power (BUP) 276
backup power systems
– cumulative MW, number of installations for

FC-based 264
– FC BUP 276
–– advantages of 277
–– environmental benefits of 278
–– fuel flexibility 278
–– reduced weight/volume 278
–– scalability of 277
– fuel cell products in the USA 261

379

Fuel Cells: Data, Facts, and Figures, First Edition. Edited by Detlef Stolten, Remzi C. Samsun,
and Nancy Garland.
 2016 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2016 by Wiley-VCH Verlag GmbH & Co. KGaA.



– gaseous hydrogen as fuel for 278
– specification ranges for 260
balance-of-plant (BOP) components 143
Ballard Power Systems 335
battery electric vehicle (BEV) 3, 5, 6
– drivetrain topologies in 10
battery types used in electric vehicles (BEV/

HEV), specifications 7
benchmark conversion–operation time 214
benzoxazine resin 130
binary ionic hydrides 152
biodiesel 187
bioethanol 298, 362
biogas 277, 293, 296, 298, 318
– yield 297
biomass-to-liquid (BTL) fuel 188
biomethane 296
bipolar plates 353
borohydrides 160
boundary conditions 253
braking system 5
bubble column reactors 361

c
calcium borohydride 156
California 267
– installed CHP and electric fuel-cell systems

in 267
California Air Resources Board (CARB) 30
California Self-Generation Incentive Program

(SGIP) 262
carbon aerogel 158
carbon-based macroporous substrate
– fabrication routes for 122
carbon blacks 118, 130
carbon-coated 304 SS bipolar plates 133
carbon dioxide separation 361
– emissions 197, 262, 283, 304, 364
– free energy conversion 205
carbon-free process 253
carbon monoxide (CO) 23, 25, 28, 210, 235,

249, 298
– methanation 360
– poisoning 227
carbon overwrapped pressure vessels

(COPVs) 149, 163, 168
carbon-supported platinum nanoparticles 80
car manufacturers
– production plant 40
– update on recent activities of 40, 41
catalyst 111
– loading, high 236
– surface area of 116
catalyst–electrolyte characteristics 350

catalytic partial oxidation (CPOX) 209, 210,
215, 249

catalytic purification 297
cathode catalysts 114
cell performance
– selected data 228
cell temperature 26
Châtelier’s principle 150
Chevrolet Equinox 76, 78, 81, 82, 83
Chevrolet Volt Extended-Range EV

concept 76
CHP. see combined heat and power
CHP systems. see combined heat and power

(CHP) systems
city gas 274
– nitrogen 274
Clean Energy Partnership (CEP) 46, 83
CO. see carbon monoxide (CO)
coal-to-liquid (CTL) fuel 188
coatings 115, 131, 133, 314
cold cycle 13
combined cycle gas turbine (CCGT) 287
combined heat and power (CHP) systems 262,

310
– characteristics for MCFC, PAFC 263
– electrical/thermal efficiency against power

output 286
– incentives per kW in California 268
– low temperature proton exchangemembrane

(LT-PEM) 262
– micro 282
– molten carbonate fuel cell (MCFC) 262
– number of installation 289
– phosphoric acid fuel cell (PAFC) 262
– planned and installed 265
– sale prices for fuel cell micro 288
– specifications of leading fuel cell

micro 284
– total eligible costs per kW in California 267
commercial carbon paper
– vs. carbon cloth 125
commercialization 41
– case of SAIC Motor 67
– efforts for China’s FCEVs 61, 65
commercial PFSA membranes, properties

of 107
complex metal hydrides 154
composite data products 42
compressed gaseous hydrogen storage

(CGH2) 162
– storage system 170
– validation targets and tests 171
compressed natural gas (CNG) 91
– vehicles 364

380 Index



conductive carbon 133
conductor 306
– electronic 306
– ionic 306
contaminants 25
– maximum allowable limits of 23
– species, from hydrogen produced by SMR

and purified by PSA 24
cooling system 5
Corporate Average Fuel Economy (CAFE)

standards 30
counteractions 314
– failure mechanisms 314
– potential degradation 314
cropping residues 297
cryo-compressed hydrogen gas (CcH2)

162
– BMW CcH2 prototype vehicle storage

system, specification of 168
– BMW cryo-compressed hydrogen storage,

layout of 167
– components of 168
– operating scheme of 169
– thermodynamic advantages of 165
– vehicle storage system 167
cryo-compressed hydrogen storage 162, 163
– adiabatic expansion energy 172
– benefits of 163
– compressed gaseous hydrogen storage

(CGH2) 162
– fail-safe passive catalytic conversion

system 164
– gaseous hydrogen storage (CGH2) 162
– heat receptivity 165
– liquid hydrogen (LH2) storage 162
– pressure–density–temperature 164
– schematic layout 170
– system design and operating principles

167–169
– thermodynamic principles 163–166
– validation and safety 169–172
– validation procedure 171
cryogenic hydrogen 75
cryopump 163
CTL kerosene 190
current density 244

d
Daimler’s NECAR1 fuel cell vehicle 75
degree of hybridization 327
dehydrogenated material 150
demonstrations in China 65–67
– “Chang’an” fuel cell cars 65

– “Chery” fuel cell cars 65
– programs of FCEVs at national events in

China 67
– “Red Flag” fuel cell cars 65
– “Shanghai” fuel cell cars 65
– “Sunwin” fuel cell city buses 65
– Thousand New Energy Vehicles in Ten

Cities 65
density-dependant vent rate 164
density functional theory (DFT)

calculations 155
Department of Energy (DOE) 197, 340
destabilization 159
desulfurization 300
diesel steam reforming
– PEFC system with 210
diesel vehicle 81
direct methanol fuel cell (DMFC) 277, 335
– principle setup of 327
distribution system operator (DSO) 294
drive cycles
– characteristics 14–16
–– characteristics of selected passenger car

drive cycles 15
–– mechanical energy 16
–– parameters 14
–– relative negative acceleration (RNA)

15, 16
–– relative positive acceleration (RPA) 15, 16
–– speed–time data points 14
–– speed–time graphs 15
–– time resolution 14
–– urban, extra-urban, or rural and

motorway 14
– for passenger car type approval 13
– from research projects 14
durability 7, 25, 27, 50, 85, 107, 113, 131, 199,

286, 315, 353
dynamic hydrogen electrode (DHE) 227

e
ECE (Economic Commission for Europe) drive

cycle 13
e-differential applications 10
electrical conductivity 136
electrical efficiencies 249, 294
electrical propulsion system 81
electrical system
– efficiency of 244
– incentives 268
– total eligible costs 268
electrical vehicles 345
electricity 3

Index 381



– storage 300
electric machines 7, 9, 10
– operation of 8
– technical assessment of selected types of 9
electric motor 5
electric power
– production of 244
electric powertrain systems 80
– application map for 85
electric vehicles
– benefit 3
Electric Vehicle Standardization Committee

(EVSC) 64
electrification 85
electrocatalysts 114, 347
– anode 116
– cathode 116
electrochemical high temperature cells 7
electrochemical nitridation process 132
electrolysis 69
electrolyte-supported stacks (ESC) 252
electrolyzers 346
– split water 358
– technologies 346
electromagnetic field 9
electromagnetic induction 8
electromechanical converters 7
e-mobility stakeholders 3
end plates 136
Ene-Farm 271
– for condominiums 274
– cost reduction of 272
– as emergency electric supply system 273
– market growth of 272
– for nitrogen rich city gas 274
– SOFC-type, improvement of

performance 272
– technical development of 272
– warranties on 286
energy consumption 364
– associated with 33
– and capital costs 353
– hydrogen production pathways 32
– to produce and package hydrogen fuel 30
energy conversion pathways
– motor vehicles with focus on BEVs 3
energy crops 297
energy demand analyses 5
energy density 5, 31, 81, 204, 298, 301
energy storage 3, 90, 300, 357, 366
engineering fleet, based on the HydroGen4

vehicles 83
– initiatives 83
ePTFE-supported membranes 108

equivalent weight (EW) 102
ethanol 190, 298, 299, 300
European research project 250
– DESTA 250
–– project targets for 250
– METSOFC 252
exhaust emissions 13
expanded PTFE (ePTFE) 107
Extended-Range EV technology (EREV) 76
Extra Urban Drive Cycle (EUDC) 13

f
fatty acid methyl ester (FAME) 188
FC. see fuel cell; fuel cell (FC)
FCEBs. see fuel cell electric buses (FCEBs)
FCEV Learning Demonstration 41–44
FCEV-related policies 63
FCEVs. see hydrogen-powered fuel-cell electric

vehicles (FCEVs)
FCV Demonstration Program 70
– key data items collected and reported 71
– 2nd Phase 70, 71
–– results 72
– specifications of FCVs 72
– standards and safety codes 71
– 1st Phase 70
Federal Test Procedure (FTP) 13
FellowShip project
– marine applications, fuel cells 205
fiber–resin composite 144
field data 26, 27
Fischer–Tropsch (FT) synthesis 188,

190, 191
fixed bed reactors 361
flammability limits 372
forklifts. see also fuel cell forklifts
– energy supply for 326
– truck 324
–– classification 324
Frankfurt Motor Show 2007 76
fuel cell
– technology 39
fuel cell (FC) 80, 276, 323
– economic aspect of 288
– hydrocarbons with 204
– improvement in lifetimes of 287
– LHV efficiencies, comparison of 285
– measured emissions of airborne pollutants

from 288
– onboard ships, beneficial use of 206
– performance 136
– technical specifications of 79
fuel cell auxiliary power units (APUs),

application requirements/targets 197

382 Index



– challenge in reducing cost 198
– DOE technical targets 198
– overview of 197, 198
– R&D projects 198
– status and targets of 198, 199
–– degradation with cycling 200
–– electrical efficiency at rated power 199
–– factory cost 200
–– operating lifetime 200
–– power density 199
–– specific power 199, 200
–– startup time 199, 200
–– system availability 201
–– target justification 198–201
–– transient response 200
fuel cell catalyst deactivation
– by sulfur and higher hydrocarbons 233
fuel cell deployment 337
fuel cell electric buses (FCEBs) 40, 89
– agencies, designs operating at 90
– descriptions 90
– selected specifications for designs 90
fuel cell electric propulsion systems 85
fuel cell electric vehicle (FCEV) 3, 30, 39, 61, 75
– learning demonstration 41
–– results from 42–44
– programs 75
fuel cell electrochemical engine 112
– key aspects of 112
fuel cell forklifts 335
– characteristics 337
–– fuel cell type 337
–– operating temperatures 337
–– power output 337
–– refueling time 337
–– tank capacity 337
–– weight 337
fuel cell stack 76, 80
fuel cell vehicle (FCV) 22, 40
– fuel quality for 26
– technical data of 47
–– Daimler 47–49
–– Ford 47, 49, 50
–– GM/Opel 50, 51
–– Honda 51, 52
–– Hyundai/Kia 51, 53
–– Mercedes B-Class F-CELL 48
–– Nissan 52–54
–– Toyota 53–56
–– Volkswagen 55–57
fuel consumption
– HydroGen4 vs.Chevrolet Equinox ICE 82
fuel economy 13

fueling stations 3
fuel processing 208
– chemical reactions 209
fuel quality 27
– data (ppm) from Senju fueling station 28
– effects 25
– for fuel cell vehicles 25
– verification 27, 28

g
gas diffusion layer (GDL) 111, 130
– characterization of 124–126
– characterization techniques for 125
– macroporous substrates (MPSs) 122, 123
–– carbon-based 122
– microporous layer (MPL) 123, 124
– overview of 121
– single-layer 121
gas diffusion medium (GDM) 136
gaseous hydrogen (GH2) 375
gas flow channel (GFC) 123
gasoline 81
gas permeability 128
GDL. see gas diffusion layer (GDL)
GermanMinistry of Transport and Industry 46
Gillig diesel buses 94
glass industry 300
GM Electrovan 75
GM fuel cell research car 84
GM HydroGen1 78
GM HydroGen3
– electric traction system 80
GM HydroGen4 75, 76, 78
– technical specifications of the 78
– x-ray drawing of 76
GM initiated the “Technology-Demonstration-

Fleet” 82
GM’s hydrogen technology 76
GM’s largescale FCEV demonstration

project 76
GM’s “Project Driveway” 76, 83, 85
GM’s vehicle electrification strategy 76
government
– national R&D programs on fuel cell 69
– policy 63
gravimetric storage capacity 153

h
hazard assessment toolkit, for hydrogen

applications 377
heating system 5
high temperature polymer electrolyte fuel cells
– flow sheet of 211

Index 383



high temperature polymer electrolyte fuel cells
(HT-PEFCs) 235

– commercially available systems 245
– solid oxide 277
– worldwide developed systems, overview

of 242
Highway Fuel Economy Test (HWFET) 13
H2 Logic 340
horizontal order pickers, load profile of 324
hot cycle 13
HT-PEFCs. see high temperature polymer

electrolyte fuel cells
hybridized systems 327
– advantages 327
–– fast start up 327
–– fuel cell downsizing 327
–– higher peak load 327
–– improved dynamic 327
–– recovery of braking energy 327
hybrid synchronous machines (HSM) 10
hydrocarbon flames 372
hydrocarbon membranes 350
– sulfonated polysulfone 350
hydrocarbons (HCs) 210, 213
– as fuels 235
hydrocracking 300
hydrogen 80, 136, 300, 345
– fueled electrochemical engines 110
– oxidation on anode catalyst surface 110
HydroGen3 80
HydroGen4 76
hydrogen–air mixtures
– flammability of 372
hydrogenating. see dehydrogenated material
hydrogen consumption
– in FCEVs 32
– per service unit for various vehicle

systems 34
hydrogen embrittlement 374
hydrogen energy infrastructure 371
hydrogen flammability limits 372
hydrogen fuel 23, 25, 46, 371
hydrogen fueling stations
– analytical sampling and measurement of

contaminants at 29
– map of, China’s stationary and mobile 65
hydrogen fuel quality 22
Hydrogenics 340
hydrogen ignition energy 372–374
hydrogen lower flammability limit 372
hydrogen minimum ignition energy 372
hydrogen oxidation reaction (HOR) 136
hydrogen packaging 31, 32

hydrogen-powered fuel-cell electric vehicles
(FCEVs)

– energy-efficiency 149
– H2 storage methods 150
– MH tank 150
– refueling 150
hydrogen-powered motor vehicles 169
hydrogen production 31, 376
HydroGen3, propulsion system 83
HydroGen4, propulsion system 82
hydrogen release 156
hydrogen safety
– flammability limits/ignition energy 372
– hydrogen embrittlement 374, 375
– hydrogen ignition energy 372–374
– materials compatibility 374
– materials suitability, for hydrogen

service 375
– non-metallic materials 376
– regulations, codes, and standards (RCS)

international activities 376
–– CEN and European Commission 376, 377
–– IEA HIA hydrogen safety activities 377
–– International Association for Hydrogen

Safety (HySafe) 377
–– ISO/TC 197 hydrogen technologies 376
– unique hydrogen flammability limits 372
HydroGen4 standard version 81
hydrogen storage applications
– cycle-life 151
– dehydriding/rehydriding, kinetics of 151
– density of hydrogen 151
– gas impurities 151
– metal hydrides for 151
– thermodynamics of dehydrogenation

151
– US department of energy (DOE) 151
hydrogen storage devices 80
hydrogen storage systems 41, 80
hydrogen sulfide (H2S) 25
hydrogen tank 40
Hydro-Gen4 variant 83
HydroGen4 vehicles 81
HyTRAN project 230
Hyundai Motor Company (HMC) 70
Hyundai Tucson Fuel Cell 40

i
ICE. see internal combustion engine
ignition energy 372
– CH4, and gasoline in air 374
– of H2, CH4, and gasoline 374
– hydrogen 372

384 Index



IMPCA (International Methanol Producers
and Consumers Association) reference
specifications

– for methanol 193
induction 8
industrial gas companies 371
injection molding, of bipolar plates 130
innovative steering geometries 10
inorganic aerogels 158
insulator plate 137
interfacial contact resistance (ICR) 131
internal combustion engines (ICEs) 78, 81, 249
– vehicle 5
international power-to-gas pilot plants,

overview of 365
in-vehicle durability 79
iridium 347
ISO 19884 cylinders and tubes, for stationary

storage 376
ISO/PDTR 15916:2014 372, 375
ISO standard documents 377
ISO (International Organization for

Standardization) Technical Committee
(TC) 376

j
Japan 270
– car manufacturer 41
– Japan Hydrogen and Fuel Cell

Demonstration Project (JHFC) 27, 43
–– results from 46
– Tokyo Gas–Panasonic model, units of 274

k
kerosene-based jet fuels 189, 244

l
landfill gas 296
lanthanum strontium cobaltite (LSC) 306
lanthanum strontium cobaltite ferrite

(LSCF) 306
Large Scale Stationary Fuel Cell Demonstration

Project 270
– purposes of 270
Li-ion battery technology 5
liquefied natural gas (LNG) 190, 203
liquefied petroleum gas (LPG) 277
liquid crystal polymers 130
liquid hydrogen (LH2) storage 165, 166
liquid-petroleum gas (LPG) 219
lithium alanate (LiAlH4) 157
lithium ion batteries 7
local distribution company (LDC) 294

low-carbon fuel standard (LCFS) 30
low temperature proton exchange membrane

(LT-PEM) 262
LPG. see liquefied petroleum gas
LT-PEFC. see perfluorosulfonic acid-based fuel

cells
LT-PEM. see low temperature proton exchange

membrane

m
macroporous substrates (MPSs) 121
– approaches used to 123, 124
– carbon-based 122
magnesium 153
magnesium borohydride 156
magnetic field 8
marine applications, fuel cells 202
– former and actual projects 205
– fuel cell projects 205
– fuel cell systems for ships 204–205
– future systems, development goals 206
– marine power converters, characteristics

of 203
– NOx, SOx, and noise emissions 202
– overview of 202
– ship borne engines, emission limits 203
marine power converters, characteristics

of 203
mass-produced fuel cell vehicle 40
mass transport overpotential (MTO) 111
material handling equipment (MHE) 334
material handling, fuel cell technologies

for 335
MCFC. see molten carbonate fuel cell
mean time between failure (MTBF) 286
MEAs. see membrane electrode assemblies;

membrane electrode assemblies (MEAs)
meat processing wastes 297
membrane electrode assemblies (MEAs) 80,

111, 136, 226
– cathodes 116
– common contaminants affecting

performance of 116
– component of 111
– cost targets for transportation 112
– diagram of seven-layer, showing primary

functional components 111
– durability of 112
– issues for development to meet technical

requirements 117
– major component functionality, summary

of 112
– materials options for 115

Index 385



– perfluorosulfonic acid based ionomers
114

– performance of 112
– polarization curve of 111
– relevant component performance, cost

criteria for 113
membrane mechanical properties 107
membrane properties 102
– water uptake and swelling 102, 103
mercaptans 294
metal borohydrides 156
metal hydride center of excellence

(MHCoE) 160
metal hydride hydrogen storage field

159
metal hydride (MH) materials 149
metal hydrides 149, 151
– classes of 152
– common interstitial 152, 153
– complex metal hydrides 154–157
– as hydrogen storage media 149–152
– interstitial metal hydrides 152, 153
– magnesium/magnesium-based alloys 153,

154
– off-board reversible metal hydrides 157
metallic bipolar plates 131
metal–organic frameworks (MOFs) 158
methanation
– processes 360
– reactor concepts for 361
methane (CH4) 28, 287
– transportation 357
methanol 190, 192–194, 244
– based systems 278
– selected properties of 193, 194
MethAPU project, marine applications, fuel

cells 205
military turbine fuels
– JP-4 189
– JP-8 189
Ministry of Economy, Trade and Industry

(METI) 45
Ministry of Finance (MOF) 63
Ministry of Industry and Information

Technology (MIIT) 63
Ministry of Science and Technology

(MOST) 63
molten carbonate fuel cell (MCFC) 262, 277,

298
metal-supported cells (MSCs) 252
MPSs. see macroporous substrates

(MPSs)
MTBF. see mean time between failure

n
nafion membrane 136
National Automotive Standardization

Technical Committee 64
National Committee 342 on Fuel Cell and Flow

Battery of Standardization Administration of
China (SAC/TC342) 64

National Development and Reform
Commission (NDRC) 63

National Fuel Cell Bus Program 2006 89
National Hydrogen and Fuel Cell Technology

Innovation Programme (NIP) 46
National Organization for Hydrogen and Fuel

Cell Technology 46
national R&D strategy (2011–2015) 62
National Renewable Energy Laboratory

(NREL) 90, 132
natural gas 5, 244, 294
– appliances 301
– desulfurized 295
– odorization 294
– pipelines damage 301
– reformed 277
– safety features 301
– suppliers 295
– transmission 294
– transportation lines 294
natural/synthetic graphite powders 130
neodymium magnets 9
New Energy and Industrial Technology

Development Organization (NEDO) 45
new energy vehicles (NEVs) 61
– subsidy program 63
nickel-metal-hydride batteries 7, 82
nitrogen 274
nitrogen ion implantation 131
noise emissions 3, 202
nominal working pressure (NWP) 143, 177
non-petroleum-based diesel fuels 188
non-petroleum-based jet fuels 190, 191
Nuvera 340

o
off-board chemical regeneration 157
off-board regenerable/chemical hydrides 150
off-board reversible materials 157
on-board reversible hydrides 149
on-board safety
– compressed hydrogen container system 178
– compressed hydrogen storage system and

safety requirements 178
– fast-fill refueling process 180
– global technical regulation (GTR) 177

386 Index



– high pressure fuel container system 179
– hydrogen refueling requirements

180, 181
– liquid hydrogen storage systems

(LHSSs) 179
– pressure ramp rates 181
– safety requirements 179
– state-of-charge (SOC) 180
– storage system, safe fueling process 180
– thermally activated pressure relief device

(TPRD) 179
– U.S. Federal Motor Vehicle Safety Standard

(FMVSS) 177
– vehicle fuel system requirements 180
Oorja Protonics 340
Opel fleet operation 83
Opel/Vauxhall Ampera Extended Range EV

76
operating conditions 237
organic fraction of municipal solid waste

(OFMSW) 297
oxygen molecules 75, 190

p
PAFC. see phosphoric acid fuel cell
particulate matter (PM) 5, 28
PaXell project, marine applications, fuel

cells 205
PEM. see polymer electrolyte membrane
PEMFC. see proton exchange membrane fuel

cell
perfluorosulfonated polymers (PFSA)
– materials 102
– membranes 80
– nafion type 136
perfluorosulfonic acid (PFSA)

membranes 101, 349
– protonic conductivity 103
– water uptake and swelling 103
perfluorosulfonic membranes 353
perfluorovinyl ether 101
permanent magnet synchronous machines

(PSM) 9
permanent operation 8
permeability 104–106
petro-chemical industries 371
petrochemistry 300
petroleum-based jet fuels, specifications

189
PFSA. see perfluorosulfonated polymers

(PFSA)
PGM. see platinum group metal
phase-field models 158

phosphoric acid doped polymer
membranes 235

phosphoric acid fuel cell (PAFC) 262
photovoltaic technologies 300
planar cells 307
– higher power density 307
– lower manufacturing costs 307
platinum group metal (PGM) 114
– catalysts 353
plug-in hybrid electric vehicle (PHEV) 61
polarization curve of stack operated with

different fuels 240
pollutants 3
polybenzimidazole (PBI) 350
polyethylene 130
polymer electrolyte fuel cell (PEFC)

technology 326
– in APUs 225
–– application concepts 229, 230
–– CO tolerance of Pt anode 237
–– in FCGEN project 231
–– operation with reformate 226–229
–– system design 230, 231
–– system efficiency 232
–– system test 232, 233
polymer electrolyte membrane,

electrolysis 346
– anode supports for 349
– bibliographic analysis of 346
– membranes for 349
–– Fumapem 350
–– Nafion 350
– stack cost 351
– system cost 351
– vs. competing technologies 352
– vs. water electrolysis 346
polymer electrolyte membrane fuel cell

(PEMFC) applications
– advantages for 102
polymer electrolyte membrane (PEM)

system 28, 276
– economic aspect of 280
– fuel cells 28, 121, 205
–– design 26
– fuel consumption, variation in 279
– hydrogen fueled 279
– hydrogen systems comparison 279
– lifetime of 286
– water electrolysis 347
polymer electrolytes 101
polymer exchange membrane fuel cell

(PEMFC)
– bipolar plate (BP) 128

Index 387



–– graphite 129
–– injection molding of 130
–– metallic materials 131
–– U.S. DOE technical targets 129
– carbon compounds 130
– carbon/polymer-based coatings 133
– cost reduction 128
– high-speed mass production 128
– light alloys 131
– metal-based coatings 132, 133
– stainless steel bipolar plates 132
poly(perfluorosulfonic acid) (PFSA) 80
polyphenolsulfone 107
poly(phenylene sulfide) 130
polypropylene 130
polytetrafluoroethylene (PTFE) 101, 122
– hydrophobic materials 136
poly(vinylfluoride) 107, 108
poly(vinylidene fluoride) (PVDF) 122, 130
porous carbon paper 136
PowerCell company 230, 232
– PEFC stack 232
power sockets 3
power-to-gas system
– CO2 separation, for combustion

processes 363
– CO2 sources for utilization 362
– gas infrastructure, to H2 364
– H2/CH4

–– transport and application 363–365
– international power-to-gas pilot plants 365,

366
– main components/process steps 358
–– CH4 synthesis 360, 361
–– CO2 separation 361–363
–– water electrolysis 358–360
– methanation 358
– pilot plants 358
–– current developments 365, 366
–– installed power of 366
– process steps 358
– renewable power sources
–– wind and solar power 357
– state-of-the art industrial processes
–– chemical and physical absorption 362
– synthetic CH4 363
preferential oxidation, catalysts for 214
pressurized system
– balance-of-plant (BOP) components 143
– compressed hydrogen storage system 145
– cost analysis 147, 148
– DOE hydrogen storage system targets 147
– doilies, use of 147

– high pressure storage system 144
– hydrogen fuel cell vehicles 143
– storage tank, light-weight reinforcement

of 143
– thermally activated pressure relief devices

(TPRD) 144
– T700 S carbon fiber and composite 144, 147
– weight and volume for 146
Project Driveway 83
propane 277
propulsion systems, cost comparison of 328
proton-conducting polymer membranes 76
proton exchange membrane electrolysis cells

(PEMECs) 358, 360
proton exchange membrane (PEM)

electrolyzers 346
proton exchange membrane fuel cell
– bipolar plate (BP) 128
proton exchange membrane fuel cell

(PEMFC) 110, 121, 135, 335
– single cells 135
–– assembly of 137, 138
–– components and conditions 139
–– main components of 136, 137
–– measurement of performance 138, 139
–– performances 138
–– structure of 136
proton exchange membranes 350
protonic conductivity 103, 104
Pt alloy
– cathodes 114
– nanoparticles 114
Pt anode, CO tolerance of 237
Pt-catalyst 80
PTFE-treated carbon paper 126
Pt-Ru anode loadings 227
public–private partnership 83
published technical standards 63, 64
pulsed-air bleeding 226
pure electric vehicle (PEV) 61
purpose-designed vehicles 5

r
rapeseed methyl ester (RME) 188
realistic drive cycle 13
refinery off-gases 192
reformate composition 229
reforming processes
– APU components 216, 217
–– technical development 218
– catalysts for 212
– technically oriented publications 215
Reforming technologies, for APUs

388 Index



– catalysts in fuel processing 211–213
– chemical reactions 208
– data sets of interest 219
– definitions 221
– fuel processing, chemical reactions 209
– reactor development of fuel processing

213–219
– system design, aspects of 210, 211
re-fuelings 83
regulations, codes, and standards (RCS)
– for hydrogen fueling infrastructure 376
renewable power sources
– wind and solar power 357
research projects MODEM and HYZEM 14
residential energy sector, key characteristics

of 283
residential fuel cell systems 271
– configuration of 272
– electrical capacity of 283
– electrical efficiencies of 284
– expected proliferation of 274
– learning curves fitted to historic prices of

Japanese and Korean 289
– sales of 271
–– volumes for 290
– specifications of 273
– summary of performance criteria for 284
– technical performance of 284
– thermal efficiencies of 284
residual hydrocarbon concentration 232
reverse water–gas shift reaction 226
ruthenium dissolution, from Pt-Ru

catalysts 227
ruthenium oxides 347

s
SAIC Motor passenger FCEV development

roadmap 67
SchIBZ project 204
– marine applications, fuel cells 205
sealing 307
selected drive cycles, graphic representation

of 16–20
ship borne engines, emission limits for 203
ship borne fuel cell systems 204
single cell performances, for different fuel cell

components 138
single cell polarization curves 237
single cell tests, for effects of CO 26
single phase systems 160
six sigma 117
small-to-medium scale generation 294
SOFCs. see solid oxide fuel cells

solid oxide fuel cells (SOFCs) 248, 304, 346,
358

– APU system 249
–– base case flow sheet with diesel fuel 249
–– cost estimate based on results from

METSOFC project 254
–– flow sheet developed in METSOFC

project 254
–– product requirements for heavy-duty truck

application 253
–– stack from Delphi Corporation 250
– basic functional layers 305
– cell concepts 305
–– anode supported 306
–– cathode supported 306
–– electrochemical processes 305
–– electrolyte supported 306
–– metal supported 306
–– porous substrate supported 306
– cell designs 307
–– planar geometry 307
–– tubular geometry 307
– cell materials 305
– durability parameters 313
– flow sheet of 211
– fuel cell hybrid system 206
– higher electric efficiency of 273
– large-scale processing methods 310
–– coating 310
–– extrusion 310
–– screen printing 310
–– sintering 310
–– spraying 310
–– tape casting 310
– material cost of, reducing 252
– maximal theoretical efficiency of 252
– performance and parameters 313
– stack concepts 310
–– interconnect material 310
–– manifolding 310
–– sealing 310
– state-of-the-art materials, functions of 307
– stationary systems 310
speed distribution, for complete HydroGen4

fleet 84
SpeedE BEV concept car 10
– innovative steering sytsem in 10
– minimal turning circle, with electric torque

vectoring 11
SpeedE vehicle 10
stack data, typical 241
stack degradation 285
stack technology

Index 389



– metal-supported 252
– next generation of
–– development of 252
stainless steel (SS) 131, 132
standard Chevrolet Equinox 76
stationary fuel cell systems 270, 293
– LHV efficiencies
–– comparison of 285
– part-load efficiency of 285
– pollution emissions from 287
– residential applications of 282
sugar cane ethanol 300
sulfonated poly-ether ether ketones

(sPEEKs) 350
sulfonic acid 102
sulfur (S) 28
sulphur dioxide (SO2) 287
SunLine Advanced Technology Fuel Cell

Electric Bus 90, 91
– availability 92
– fuel economy 91, 92, 94
– performance results for AT FCEB and CNG

baseline buses 91
SunLine American Fuel Cell Bus 95
– availability 97, 98
– fuel economy 96
– monthly availability 97
– monthly fuel economy 96
– performance results for AFCB and CNG

baseline buses 96
surface-H2 highest occupied molecular orbital

(HOMO) 155
synchronous motors (SMs) 9
synthesis gas 249
synthetic fuels (XTL) 188

t
TechDemo stack 83
TechDemo vehicles 83
Technology-Demonstration-Fleet 85
technology readiness level (TRL) 244
telecommunication systems 260
– fuel cell backup system 260
tetrahydrotiophene (THT) 294
thermal failure 7
thermally activated pressure relief devices

(TPRD) 144
thermal management 5, 7
thermochemical storage systems 5
Ti arrangements, theoretical modeling 154
TiN coating 132
titanium 153
– based alloys 131

– based current collectors 353
TOFC stack module, twin boxer

configuration 251
Tokyo Gas–Panasonic model 274
torque 10, 81
– data points 12
total cost of ownership (TCO) 328
toxic substances 5
transition metal-containing borohydrides 157
transportation, CH4 357
tubular cells 307
– expensive manufacturing 307
– lower power density 307
Type IV compressed hydrogen storage

system 81
Type IV 70 MPa compressed gaseous

hydrogen vessel 81

u
United States 262
– annual fuel cell CHP installations 266
– backup fuel cell products 261
– California Self-Generation Incentive

Program (SGIP) 262
– CHP installations 262
–– electric fuel cell systems in California 262
Urban Dynamometer Driving Schedule

(UDDS) 13
urban traffic 5
U.S. Department of Energy (DOE) 90, 262
U.S. Department of Energy Fuel Cells

Technologies Office 114
U.S. Department of Transportation (DOT)

Federal Transit Administration (FTA) 89
US Environmental Protection Agency (US

EPA) 83
U.S. Federal Motor Vehicle Safety Standard

(FMVSS) 83, 177

v
Van Hool diesel buses 93
van’t Hoff plot 157
verification, of fuel quality 22
Volkswagen e-Golf 9
Vulcan XC-72 123

w
waste water sludge 297
wastewater treatment, CHP application in 264
water electrolysis 277
– technical data of 359
water–gas shift catalysts (WGS) 213
water–gas shift reaction, catalysts for 213

390 Index



well-to-wheel efficiency 3
Worldwide Harmonized Light Duty Test Cycle

(WLTC) 13

x
x-ray drawing of, GM HydroGen4 76

z
ZEBA bus 92, 94, 95
ZEBRA cell 7

Zemships project
– marine applications, fuel cells 205
zero emission bay area (ZEBA) program 92–94
– availability 94
– fuel economy 94
– monthly availability for 95
– monthly fuel economy for 94
– reasons for unavailability 95
zero-emission bus technologies 89
zero emission vehicle (ZEV) 30

Index 391




	Index

