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portfolio 1160–1161
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– – storage portfolio 1158–1159
– hydrogen, analysis positioning 1161
– – market portfolio 1162
– – political decision-making portfolio

support 1162
– – technical portfolio 1161–1162
– hydrogen awareness, understanding, and

acceptance 1162
– – information dissemination portfolio

1162–1163
– – outreach portfolio 1164–1166
– – safety portfolio 1163–1164
– past as prolog 1166, 1173, 1174–1177
– 2009–2015 work program timeline

1173, 1178
– work program 1166, 1167 –1173
International Partnership for Hydrogen and

Fuel Cells in the Economy (IPHE) 1181
International Society of Automation 947
Ion America 8
IRD Fuel Cells 14, 16
Ishikawajima-Harima Heavy Industries

(IHI) 75
isotropic hardening 777

j
Japan 1126
– Fukuoka prefecture activities 1129
– Hydrogen Highway Project 1129
– Japan Hydrogen and Fuel Cell

Demonstration Project (JHFC)
1126–1129

– stationary power and early market
applications 1140–1141

– – regional activities 1141
Japanese Automobile Research Institute

(JARI) 1126
Japanese Hydrogen and Fuel Cell Program

1214
Japan Gas Association (JGA) 1126
Japan Petroleum Energy Center (JPEC) 1126
Johnson Matthey 14
Joint Committee for Guides in Metrology

(JCGM) 598
Joint Undertaking on Fuel Cells and

Hydrogen (FCH JU), European Union
1133, 1187, 1189

– governance structure 1190–1193
– members 1189–1190
Jülich substrate concept 252

k
Kansai Electric Power Company (KEPCO) 9
Karlsruhe Research Center (KTI) 210
Knudsen diffusion 737, 738
Korea Institute of Energy Research (KIER)

15
Korea Institute of Science and Technology

12
Korean Electric Power Research Institute

(KEPRI) 87
Korean Institute of Energy Research 12
Kramers–Kronig validation 447
Kyocera 6, 9

l
lanthanum strontium chromite manganite

(LSCM) 289
lanthanum strontium cobalt ferrite (LSCF)

49, 293, 295, 484
lanthanum strontium cobaltite (LSC) 49, 268
lanthanum strontium cobaltite ferrite (LSC(F))

249
lanthanum strontium manganite (LSM) 49,

249, 254, 257, 290–292
lanthanum strontium scandium manganite

(LSSM) 49
lanthanum strontium titanate (LST) 286
large eddy simulations (LESs) 716, 726
laser ablation 208
laser welding 209
Lattice Boltzmann methods (LBM) 851, 854
lead acid batteries 237
Leverett function 855
LIBrary for Process Flowsheeting (LIBPF)

technology 78
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LIBS (laser-induced breakdown
spectroscopy) 488

light traction applications 1092
– commercial vehicles 1093–1094
– forklift trucks 1094–1096
– scooters, wheelchairs, and

electromobiles 1093
linear sweep voltammetry (LSV). See cyclic

voltammetry (CV)
liquid phase, desulfurization in
– adsorption 1024–1026
– desulfurization with overcritical fluids

1030–1031
– distillation 1031–1032
– hydrodesulfurization with presaturator

1022–1024
– ionic liquids 1026–1028
– processes with nonporous membranes

1032–1034
– processes with porous membranes

1032
– selective oxidation 1028–1030
lithium ion technology 20
load cycling 588–592
local hydrogen starvation 558–561
long-term durability test
– data post processing 585
– setting of test conditions (test inputs)

583–584
– test output measurement 584
Los Alamos National Laboratory (LANL) 364
low-temperature fuel cells, catalysis in

407–408
– catalysis in hydrogen production 424–425
– – carbon monoxide removal 429–430
– – hydrogen production catalysis from

biomass 430
– – from methanol to heavy hydrocarbons

425–429
– catalyst development, characterization, and

in situ studies 423–424
– electrocatalysis 408–410
– – alkaline fuel cells 418
– – catalysis in direct fuel cells 420–421
– – direct fuel cells 417–418
– – electrocatalyst degradation 421
– – hydrogen oxidation and CO poisoning

418–419
– – oxygen reduction in PEMFCs 410–417
– novel support materials 422–423
low-temperature fuel cells, physical properties

analytics of 521–524
– caloric properties 527–529
– gravimetric properties 524–527

– mechanical properties 531–535
– porosity 530–531

m
3M 388
market portfolio 1162
Markov chain Monte Carlo (MCMC)

simulation, for edge rearrangement
689–690

measurement uncertainty evaluation
610–611

– Monte Carlo method 612–616
– procedure summary to evaluate and express

uncertainty 611–612
mechanical testing 532, 534
membrane electrode assembly (MEAs) 11,

132, 140, 151, 381, 522
– aging phenomena analysis 587–588
membranes, for ion transportation 388–392
Mercedes-Benz 1059
mercury intrusion porosimetry (MIP) 530
metal/N/C catalysts 415–417
metal gaskets 320
metal oxides 402
methane steam reforming 68
methanol 29, 141, 142, 189. See also direct

methanol fuel cells (DMFCs)
method of standard contact porosimetry

(MSCP) 531
mica-based seals 320–321, 322
microbial catalysts 157
– anode reactions 157–158
– – biocatalysis 158–159
– – electron donors 158
– – electron-transfer mechanisms 159–160
– cathode reactions 160–161
– – biocatalysts 161
– – electron acceptors 162
– – electron-transfer mechanisms 161–162
microbial desalination cell (MDC) 149
microbial electrolysis cell (MEC) 148, 150,

165, 169
microbial electrosynthesis 170
microbial fuel cells. See bioelectrochemical

systems (BESs)
microelectrodischarge machining (μEDM)

207
microelectromechanical system (MEMS)

135, 201
micro fuel cells 131–132
– GDL optimization 138–139
– – carbon dioxide discharge 141–142
– – flow-field design 139–141
– – miniaturized DMFC 141
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– – passively operating DMFC 142
– materials and manufacturing
– – miniaturization 137–138
– PEMFC physical principles 132–134
– types 134
– – direct ethanol fuel cells (DEFCs)

136–137
– – DMFC 135–136
– – hydrogen-fed 134–135
– – micro-reformed hydrogen fuel cell 135
microporous layers (MPLs) 858
micro-reactors 185
– heat and mass transfer in 185–188
– microchannel fuel processor examples

201–205
– microchannel plate heat-exchanger reactors

fabrication 206
– – catalyst coating techniques 210–211
– – construction material choice 206–207
– – micromachining techniques 207–209
– – reactor–heat exchanger assembly 210
– – sealing techniques 209–210
– microchannel plate heat-exchanger reactors

heat management 190–191
– – carbon monoxide preferential oxidation

197–200
– – carbon monoxide selective methanation

200–201
– – reforming 191–195
– – water gas shift reaction 195–197
– microchannel plate heat-exchanger reactors,

specific features from catalyst
formulations for 188–190

micro-reformed hydrogen fuel cell 135
microtechnical devices 208
middle distillates 1011, 1012, 1016, 1020,

1024, 1030, 1031, 1033
military applications, for prime power
– portable generators 1116–1117
– soldier power 1115
minimum spanning tree (MST) 695
Mitsubishi Materials Corporation (MMC)

6, 9
mixed reactant 44
Mobion 27, 28
molten carbonate fuel cells (MCFCs) 26
– balance of plant (BOP) 73–74
– CO2 energy cycle in 88
– conventional and innovative applications

86
– – applications 90
– – carbon capture, storage, and

transportation 87–89

– – distributed generation 86–87
– – hydrogen co-generation 89
– – renewable fuels 89
– geometry and materials 70–71
– operating conditions 69–70
– operating principle 67–69
– reforming 71–73, 72
– state of the art 75–76
– technology analysis 76
– – approach 76–79, 77
– – scientific knowledge 81–86
– – technology optimization 79–81
– vendors 75
molten carbonate fuel cells (MCFCs)

modeling 791–794
– electrode models 804–806
– – agglomerate models 809–810
– – spatially lumped models 806–808
– – thin-film models 808–809
– – volume-averaged models 810–811
– spatially distributed model 792–793
– – anode gas channels 795–798
– – cathode gas channels 798–799
– – general assumptions 794–795
– – interface to electrode models 804
– – potential field model 800–804
– – solid phase 799–800
Monte Carlo method 612–616
morphology, of material 669, 670. See also

stochastic modeling, of fuel-cell
components

moving-average model, for dependent
marking 685–687

MTI Micro Fuel Cells 14
MTU CFC Solutions 75, 87
multi-acid side chain (MASC) ionomers 391
MVV 25

n
N.ERGHY 1190
Nafion membrane 141
nanoindenter 534
nanostructured materials, for fuel cells

379–380
– catalyst supports, for electron conduction

397–402
– electrocatalysts, for oxygen reduction

393–397
– electrodes, for hydrogen oxidation

384–388
– fuel cell and system 380–382
– membranes, for ion transportation

388–392
– triple phase boundary 382–384
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nanotechnology 379–380, 382, 396, 402
National Aeronautics and Space

Administration (NASA) 222
National Hydrogen Association 1196
National Innovation Program (NIP) 1122
National Learning Demonstration 1130,

1131–1132
National Organization for Hydrogen and Fuel

Cell Technology (NOW) 1122, 1200–1201
National Renewable Energy Laboratory

(NREL) 369, 401
natural gas combined cycle (NGCC) 88
Natural Resources Canada
– ecoENERGY Technology Initiative 1136
Navier–Stokes equations 713, 719, 720, 738,

851
Nernst equation 46
neutron radiography 504–507. See also

X-rays and neutrons
– and local current density measurements,

combined approach of 509–510
New European Driving Cycle [or Motor

Vehicle Emissions Group (MVEG)] 20
NEW Industry Grouping (NEW IG) 1189
Nippon Telegraph and Telephone (NNT) 6
Nokia Siemens 1112
non-hybrid fuel cell powertrains 1058
non-linear least-squares (NLS) fitting

algorithm 447
non-platinum catalysts 415
North Rhine-Westphalia (NRW)

1124–1125, 1215
NRW Fuel Cell and Hydrogen Network

1124
Nuvera 30

o
off-grid power 1107, 1109
– base stations 1111–1113
– homes 1109–1111
Ohmic law 843
on/off aging test
– data post processing 580–581
– setting of test conditions (test inputs)

578
– test output measurement 578–580
one-dimensional cell polarization curve

662
Oorja Protonics 16, 30
open-cell voltage (OCV) 544, 546,

551, 563, 582
operando techniques 424
optical microscopy 477–481
organic alcohols and acids 170–171

Ostwald ripening 552
outreach portfolio 1164–1166
overall hydrogen starvation 553–555
Ovonics concept 103
oxide catalysts 107
oxygen consumption, in channel and

quasi-two-dimensional polarization curve
663–665

oxygen reduction, in PEMFCs 410–417
– metal/N/C catalysts 415–417
– non-platinum catalysts 415
– platinum-based catalysts 411–415
– platinum-free noble metal catalysts 415
– transition metal chalcogenides 417
oxygen reduction reaction (ORR) 387, 410,

411, 414–415, 418, 654, 845, 846, 849, 885
oxygen starvation 553
oxygen starvation 561–562

p
parallel hybrid vehicles 1056
Pemeas 11
perfluorinated sulfonic acid (PFSA)

membranes 388
performance test and standardization

measurements
– data post processing 583
– setting of test conditions (test inputs)

581–582
– test output measurement 582–583
peroxides, oxidation with 1029
pervaporation 1033–1034
PHOEBUS specifications 238
phosphoric acid 11
– as electrolyte 827–829
phosphoric acid fuel 335, 336
– basic properties and formal considerations
– – acidity and protolytic equilibria 337–338
– – anhydride and condensation reactions

337
– – composition specifications and

condensation equilibria 338–339
– equilibria between the polyphosphoric acid

species and concentrated phosphoric acid
composition 353–354

– – evaluated literature data 354–356
– proton conductivity, as function of

composition and temperature
– – electrical conductivity mechanisms 344
– – enthalpy of activation for ionic transport

350–352
– – evaluated data for dynamic viscosity of

aqueous phosphoric acid 352–353
– – evaluated literature data 344–346
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phosphoric acid fuel (contd.)

– – non-arrhenius behavior for ionic transport
346–350

– vapor pressure of water, as function of
composition and temperature

– – evaluated literature data 340–343
– – number of independent variables and

Gibb’s phase rule 339–340
phosphoric acid fuel cell (PAFC) 819–820
photo-oxidation 1028–1029
phyllosilicates 320
physical vapor deposition (PVD) 265
Pinch point analysis 639–641, 928–930
piping and instrumentation (P&I) diagram

946, 947
planar fuel cell 137, 139
planar stacks (pSOFCs) 302, 303
– seal functional requirements 304–306,

306, 319
plasma desulfurization 1028
plasticity 776, 777
platinum-based catalysts 411–415
platinum-free noble metal catalysts 415
plug-in hybrid electric vehicles (PHEVs) 18
Plug Power 12, 30, 389
Poisson line tessellation (PLT) 671
polarization curve modeling 829–830
– activation overpotential 830–831
– mass transport 833–834
– ohmic resistance 831–833
political decision-making portfolio, support for

1162
polybenzimidazole (PBI) 11
polymer electrolyte fuel cells (PEFCs) 493,

500, 587, 628, 705. See also polymer
electrolyte membrane fuel cells (PEMFCs)

– neutron radiography 504–507
– X-rays 500–504
polymer electrolyte membrane (PEM)

229–230, 380, 382, 383, 388–392,
399, 529, 842–845

– electrolyzers 230–231
– fuel cell 230, 232
– PEMFCs 231
– URFC 231–233
polymer electrolyte membrane fuel cells

(PEMFCs) 131, 135, 138, 140, 222, 231,
361, 380, 543, 545, 546, 549, 550, 551, 555,
556, 562, 658–665, 839–842, 879–881. See
also polymer electrolyte fuel cells (PEFCs)

– bipolar plates 868–869
– catalyst layers 845–850
– cell-level modeling and simulation

881–882

– – cold start operation 893–898
– – dimensionality 882–884
– – flow maladjustment 900
– – large-scale fuel-cell simulation 898–899
– – model validation 903, 905
– – nonisothermal modeling 888, 890–891
– – single-phase flow 901
– – transient operation 884–888
– – two-phase flow 891–893, 902–903
– coolant flow 869
– gas flow channels 859–864
– GDLs
– – and gas flow channel interface 864–868
– – and microporous layers 850–859
– macroscopic approach 842, 848, 851, 855,

858, 872, 881, 911
– mesoscopic approach 842, 851, 872
– metallic bipolar plates 363
– – bare plates 363–366
– – coated stainless-steel plates 368–370
– – light alloys 366–367
– model validation 869–871
– oxygen reduction in 410–411
– – metal/N/C catalysts 415–417
– – non-platinum catalysts 415
– – platinum-based catalysts 411–415
– – platinum-free noble metal catalysts 415
– – transition metal chalcogenides 417
– perspectives 370–371
– – coatings and surface modifications

372–374
– – substrate selection 371–372
– physical principles 132–134
– polymer electrolyte membrane 842–845
– schematic of 840, 880
– stack-level modeling and simulation
– – fuel-cell stacks modeling and simulation

907–910
– – model validation 910–11
– – need for 906–907
polytetrafluoroethylene (PTFE) 100, 106,

108, 112, 115, 117, 122, 388
– -bonded gas diffusion electrodes dry

preparation 108–111
pore phase, stochastic network model for

677–678
– graph modification 679
– pores detection 678–679
– stochastic modeling of edges 688–690
– vertex model validation 684–685
– vertices marking 685–688
– vertices stochastic modeling 680–684
porous nickel 107
portable generators, military 1116–1117
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portable power 1107. See also premium
power

POSCO Power 75, 86, 87
post-test characterization, of SOFC stacks

469, 490
– post-test analysis methods 471–472
– reasons 470
– stack dissection 472–473
– – characterization techniques 488
– – lessons 488–489
– – optical microscopy 477–481
– – photography and distance measurements

475–477
– – scanning electron microscopy (SEM) and

energy-dispersive x-ray (EDX) analysis
482–484

– – stack embedding 474–475
– – thermography 473
– – topography 482
– – wet chemical analysis 486–488
– – X-ray diffraction (XRD) 484–486
potentiodynamic controlled experiment

153
potentiostatic control 153
power applications. See sealing techniques
power-split hybrid configuration

1056–1057
predictive method for vapor–liquid and

liquid–liquid equilibria determination
630–632

– model fuel evaporation 634–637
– residual hydrocarbons in reformer product

gas 632–634
premium power 1107. See also off-grid power
– market review 1107–1109
– portable applications 1113
– – military applications for prime power

1115
– – remote monitoring and remote sensing

1113–1114
printed circuit board (PCB) 549
process flow sheet 941
production portfolio 1157
– longer term production options 1158
– near-mid-term production options

1157–1158
– near-term production options 1157
proton conductivity, as function of

composition and temperature
– electrical conductivity mechanisms 344
– enthalpy of activation for ionic transport

350–352
– evaluated data for dynamic viscosity of

aqueous phosphoric acid 352–353

– evaluated literature data 344–346
– non-arrhenius behavior for ionic transport

346–350
Proton Energy Systems 239
proton pump 562
proton transport 843
PROX 429
pulsed laser deposition 277
punching techniques 207–208

q
quality assurance 249, 259, 268, 270, 271,

272, 573
– degradation and lifetime investigations
– – load cycling 588–592
– – membrane electrode assemblies (MEA)

aging phenomena analysis 587–588
– experiment design in fuel-cell research

592–593
– standardized test cells 587
– test procedures and standardization

measurements
– – dynamic load cycling aging test 585–587
– – fuel cell preconditioning 574
– – humidification sensitivity test 574–578
– – long-term durability test 583–585
– – on/off aging test 578–581
– – performance test 581–583
quasi-in situ approach 513

r
Raman spectroscopy 105
Ramberg–Osgood equation 777
random error 611
Raney nickel catalysts 115–121
recalcitrant compounds 171
reference electrode 546–548
reforming 71–73, 72, 191–195
regenerative fuel cells 219–220, 239
– applications and systems 236
– – stationary systems for seasonal energy

storage 237–239
– for aviation applications 239–240
– electrodes 226
– – for alkaline electrolytes 226–229
– – polymer electrolyte membrane (PEM)

229–233
– flow chart of 223
– history 222–223
– principles 220–221
– solid oxide electrolyte (SOE) 233–234, 233
– system design and components 234–236
– thermodynamics 223–226
– time line of developments 222



1238 Index

relative humidity (RH) 574, 575, 576, 577
relaxation time distribution. See distribution

function of relaxation times (DRT)
renewable electricity certificates system

(RECS) 1123
research and development, technical

advancement of 3, 4
– application and demonstration in

transportation
– – fuel cells and batteries for propulsion

17–22
– – on-board power supply with fuel cells

22–24
– direct methanol fuel cells (DMFCs) 12–13
– – for light traction 14–17
– – for portable applications 13–14
– high-temperature polymer electrolyte fuel

cell (HT-PEFC) 11
– – actors and development areas 11–12
– marketable development results
– – DMFC battery chargers 27–29
– – light traction 30
– – submarine 27
– – uninterruptable power supply/backup

power 29–30
– solid oxide fuel cells (SOFCs) 9
– – actors and development areas 8–9
– – planar designs 6–8
– – state of cell and stack developments

10–11
– – tubular concepts 4–6
– special markets for fuel cells 26–27
– stationary applications in building

technology 24–6
– stationary industrial applications 26
reverse current decay (RCD) mechanism

556, 560–561
reverse fuel cells. See regenerative fuel cells
reverse hydrogen electrode (RHE) 547
reversible heat release 890
rigid bonded seals 308–309
– ceramic seals 318–319
– glass and glass–ceramic sealants

309–318
Risø National Laboratory 8
Rittal 29, 30
Rolls Royce 8
round-trip efficiency 224

s
safety portfolio 1163–1164
samarium-doped ceria (SDC) 280, 291
Samsung Advanced Institutes of

Technology 11

S-Brane process 1033
scale-free networks 691
scanning electron microscopy (SEM) 152
– and energy-dispersive x-ray (EDX) analysis

482–484
Schröder’s paradox 527
Schunk 30
screen-printing method 211, 277, 278
sealing techniques 306–308, 307 –308
– bonded compliant seals 323–328
– compressive seals 319–323
– rigid bonded seals 308–319
sediments, plants, and photosynthesis 168
selective CO methanation (SELMETH) 429,

430
Serenergy 12
serial hybrid vehicles 1056
series and parallel hybrids 1077–1078
SFC Energy 16, 29, 1114
Shell Hydrogen 1132
Shewanella oneidensis 160
Shewanella spp. 158
Siemens 14, 27
silicate-based glass–ceramic sealants,

common compositional modifiers for 312
silver catalysts 107, 121–123
SIMS (secondary ion mass spectrometry)

488
single-chamber fuel cells (SC-FCs) 43–44
– single-chamber solid oxide fuel cells

(SC-SOFCs) 44
– – anode materials 48–49
– – anode-supported 51–52
– – applications 60–61
– – basic principles of operation 44–46
– – catalysis in 46–47
– – cathode materials 49
– – with coplanar electrodes 52–59
– – current collection 48
– – electrode and electrolyte materials 48
– – electrolyte materials 50
– – electrolyte-supported 50–51
– – fully porous 59–60
– – heat production and real cell temperature

47–48
– – tubular 60
single-chamber solid oxide fuel cells

(SC-SOFCs). See single-chamber fuel cells
(SC-FCs)

small-angle X-ray scattering (SAXS) 398
SNMS (secondary neutron mass

spectrometry) 488
sol–gel methods 211
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solid oxide fuel cell (SOFCs) 9,233, 249–250,
275, 301–303, 444, 445, 449, 452, 465, 488

– actors and development areas 8–9
– advances in testing of 268–269
– – dwell time between individual

current–voltage points 271
– – reduction temperature 270–271
– – specifications 270
– – testing housing 269–270
– component requirements 279
– control subsystem 989–991
– and electrochemical fundamentals

275–276
– electrode materials 278–280
– – anode materials 280
– – cathode materials 281
– electrodes current status and fabrication

methods 276
– – coating electrode material methods

276–278, 278
– fuel delivery 982
– fuel processing subsystem 979–982
– infiltration 282–284
– – anodes produced by 284–290
– – cathodes produced by 290–295
– – motivation for 281–282
– with LSC(F) cathode 259
– – 2000–2006 259–266
– – 2006–2010 266–268
– with LSM cathode 250
– – 1995–1998 250–252
– – 1998–2002 252–254
– – 2002–2005 254–258
– – 2005–2010 259
– oxidant delivery 982–983
– planar designs 6–8
– power conditioning subsystem 987–989
– for power generation 963–965
– power generation subsystem 970–971
– – equipments 977–979
– – fuel utilization 974–975
– – number of stacks and stack arrangement

971–973
– – stack cell voltage and current density

973–974
– – stack operating pressure 976–977
– – stack pressure drop 975
– – stack temperature gradient 975–976
– power systems
– – design 969–970
– – general 965–968
– – portable systems 991–993
– – stationary systems 997–1006
– – transportation systems 993–996

– – types 968–969
– pSOFC seal functional requirements

304–306, 306, 319
– sealing techniques 306–308, 307 –308
– – bonded compliant seals 323–328
– – compressive seals 319–323
– – rigid bonded seals 308–319
– state of cell and stack developments 10–11
– system configuration 969–970, 971, 987,

990
– thermal management subsystem 983–986
– tubular concepts 4–6
– water delivery 983
solid oxide fuel cells (SOFC) modeling

733–735
– governing equations 735–736
– – chemical reactions 745–746
– – electrochemistry 740–744
– – energy conservation 739–740
– – mass conservation 736–738
– – momentum conservation 738–739
– macroscale 747
– – cell-level modeling 755–758
– – stack-level modeling 750–755
– – system-level modeling 747–750
– mesoscale 758–760
– nanoscale 761
Solid State Energy Conversion Alliance

(SECA) 8
Solvay Solexis 388
sorption-enhanced steam methane reforming

(SE-SMR) process 71
South Korea 1137
– Domestic Fleet Program 1137
– Low Carbon, Green Growth program 1137
– stationary power and early market

applications 1145
spatially lumped models 806–808
spontaneous galvanic displacement (SGD)

401
spray coating 211
sputtering 277
stack-level modeling 750–755, 825–827
– fuel-cell stacks modeling and simulation

907–910
– model validation 910–11
– need for 906–907
standardization 249, 268, 270, 271, 272
state of the art cells 257
static test inputs 575, 579, 582
stationary systems 997
– integrated gasification fuel cell (IGFC)

1001, 1003–1006
– simple cycle SOFC systems 997–998
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stationary systems (contd.)
– SOFC/GT hybrid systems 998–1001
steam generator 984
Stefan–Maxwell equation 737, 756, 757
stochastic modeling, of fuel-cell components

669–670
– classical random graph models 690–691
– multi-layer model for paper-type GDLs 670
– – binder modeling 672–673
– – fiber modeling 671–672
– – model parameter fitting 674–675
– – results 675–676
– – time-series models for non-woven GDLs

676–677
– stochastic network model for pore phase

677–678
– – graph modification 679
– – pores detection 678–679
– – stochastic modeling of edges 688–690
– – vertex model validation 684–685
– – vertices marking 685–688
– – vertices stochastic modeling 680–684
– structural characterization of porous GDL

692
– – connectivity 695–696
– – graph model validation 698
– – multi-layer model validation 696–698
– – pore size distributions 694–695
– – tortuosity 692–693
– transport simulations along graph edges

691
Stokes–Einstein equation 348
storage portfolio 1158–1159
strain 532
stress 532
structural diffusion 344, 389
submarine 27
substrate manufacturing technologies 277
sulfonated fluoropolymer membranes 388
sulfur-containing substances in crude oil,

chemical classes of 1013–1015
sulfur poisoning 428, 429
summer schools 1218
supercomputers 703
Supplemental Federal Test Procedure (SFTP)

1049
surface plasma modification 373–374
sustainable technology 150, 161, 164, 172,

173
Swiss Paul Scherer Institute 1059
synchrotron X-ray radiography 508–509
Synechocystis sp. 163
syntrophic acetate oxidizers (SAOs) 168
syntrophic acetogenic bacteria (SAB) 168

systematic error 611
system-level modeling 747–750
systems engineering principles 919–920
– chemical equilibrium 923–926
– – heat management analytical methods

926–940
– – process analysis and design 940–945
– construction 956–957
– detailed engineering 945–948
– – drawings and piping 954–955
– – FEMA 950–953
– – P&I diagram 948–950
– – peripheral component selection

953–954
– general considerations 920–923
– procurement 956
systems integration portfolio 1159–1160

t
tactical quiet generators (TQGs) 1116–1117
Tafel equation 830
Tafel-type equation 824
tape casting 278
technical portfolio 1161–1162
technical stress 532
Technical University of Denmark 12
technology readiness level (TRL) 919
Technology Validation Program. See National

Learning Demonstration
thermal management subsystem 983–986
thermography 473
thermogravimetric analysis (TGA) 526
thermomechanically induced stress numerical

modeling, in SOFCs 767–768
– chronological overview 768–773, 775
– geometric design effect on stress

distribution 778–779
– – CFD analysis 779–781
– – thermomechanically induced stress

analysis 782–788
– stress and strain mathematical formulation

773
– – cell, sealant, and wire mesh components

773–774, 776
– – metallic components 776–778
thin-film deposition techniques 279
thin-film models 808–809
Thiobacillus 1013
Toho Gas 6
Tokuyama 392
Tokyo Gas 9
tomography 488
Topsøe Fuel Cells 7
tortuosity 692–693
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Toshiba 13, 27
total organic carbon (TOC) 624–625
TOTO 5, 9
transient 1D model 552
transition metal chalcogenides 417
transmission electron microscopy (TEM)

488
transportation systems 993
– SOFC-based APUs
– – for aircraft 994–996
– – for automobiles and trucks 993–994
transport simulations along graph edges

691
triple-hybrid fuel cell vehicles 1060–1061
triple phase boundary 382–384
true stress 532
Truma 23
TU Bergakademie Freiberg 25
TUBITAK Marmara Research Center,

Fuel Cell Laboratory 286
tubular SC-SOFCS 60
tubular stacks 302
tutorials 1218

u
UK Hydrogen Energy Network (H2NET)

1206
under-relaxation factor 714
UNIFAC method 632, 633, 634, 638, 639
UNIGEN RFC 239
United Nations Industrial Development

Organization (UNIDO)
– International Centre for Hydrogen Energy

Technologies (ICHET) 1217, 1218
United States
– DOE Technology Validation Program

1130–1132
– state activities 1132
– – California 1132–1133
– stationary power and early market

applications 1144–1145
United Technologies 389
unitized regenerative fuel cell (URFC) 220,

221, 223
– alkaline 228–229
– polymer electrolyte membrane (PEM)

231–233
University of South Carolina 12
upflow anaerobic sludge bed (UASB) 168
UPS Systems 1114
US DOE technical targets 362
user-defined functions (UDFs) 709–710
US Fuel Cell Council (USFCC) 1196
UTC Power and Delphi 8

v
Vaillant 25
vapor pressure of water
– as function of composition and temperature
– – evaluated literature data 340–343
– – number of independent variables and

Gibb’s phase rule 339–340
variable test inputs 575, 579, 582, 584
vehicular diffusion 344, 389, 842
Versa Power Systems (VPS) 7, 8
vertices
– marking 685
– – degress 687–688
– – moving-average model for dependent

marking 685–687
– stochastic modeling 680
– – multilayer representation 680
– – point process model construction and

fitting 680–684
virtual material design 699
VNG 25
Vogel–Tammann–Fulcher equation 348,

352
Volkswagen 12
Volkswagen Bora Hy.Power 1059
volume-averaged models 810–811
volume hourly space velocity (VHSV) 189,

190
volume of fluids (VOFs) 719, 720, 854, 867

w
Walden product 348
wastewater treatment 164–168
water gas shift (WGS) reaction 68, 195–197,

204, 425, 639, 640, 706, 923
water management 389
water transport channels (WTCs) 139
wavelength-dispersive X-ray (WDX) analysis

484
Webasto 23
Weiterbildungszentrum Brennstoffzelle Ulm

(WBZU) 1216, 1217
wet chemical analysis 486–488

x
X-ray diffraction (XRD) 484–486
X-ray photoelectron spectroscopy (XPS) 111,

112, 124, 125
X-rays 500–502
– dynamic radiographic studies of water

transport 503–504
X-rays and neutrons
– complementarity 494–495
– radiography and tomography principles
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X-rays and neutrons (contd.)
– – artifacts 498–499
– – image normalization procedure 499
– – synchrotron X-ray sources and X-ray tubes

496–497
– – tomography and tomographic

reconstruction 497–498
– – transmission and attenuation 496
x-shapes 653–654

y
Yamaha Motor 16
Young’s modulus 532
yttria-stabilized zirconia (YSZ) 47, 50, 233,

280, 283, 284–287, 289–295

z
ZSW 26


