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modeling)

Haimes’ 10 guiding principles, 523,

525–526t
hydrogen economy, 521, 524, 528–529
hydrogen production

centralized production units, 529

decentralized, 529

sustainable production method, 528–529
meta-models, 527

performance-based fire safety engineering

approach, 522–523
prenormative safety risk research, 523

safety risk modeling

MTTF and MTTR parameters, 544–545,
545t

SimEvents commercial software package,

DES, 543

Robust engineering strategy

data reconciliation method, 405

flowchart of HP network system, 407, 408f,
409

hydrogen purification network, 405–406
instability problems, 417

load decision of compressors, 420, 420f

MILP model, 405

momentum balance equation, 412–415
MPEC method, 409, 416–417
nonlinear planning model, 405

operational optimization, 418f, 419–420
real-time data, 417–418
refinery process, schematic representation,

406–407, 407f

S
SBR. See Steam biogas reforming (SBR)

SCM. See Supply chain management (SCM)

Segmentation function, 409–410
SMR. See Steam methane reforming (SMR)

SOEs. See Solid oxide electrolyzers (SOEs)

Solar energy, 45

Solid biofuels, 92, 93t

Solid oxide electrolyzer cell (SOEC), 311–312,
332–333

Solid oxide electrolyzers (SOEs)

CAPEX, 53
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electrolysis flow diagram, 51, 52f
operation principles, 50f

solid ceramic material, 51

solid oxide fuel cell (SOFC), 51

specifications, 53, 53t

Solid polymeric membrane (SPE)

electrolyzer, 331

Steam biogas reforming (SBR)

biogas cleaning, 124

biogas compression, 124

biogas feeding, 123, 124t

biogas heating, 125

biogas production plants capacity, 123

block diagram, 124–127, 125f
CO2 separation, 123–124
direct SBR, 123–124
energy balance, SBR+WGS reactors, 128,

128t

energy efficiency, 127, 127t
gas composition, 125, 126t

heat production, 127

H2 separation, 125

pure hydrogen compression and storage,

125

reformate mixture cooling, 125

small-capacity unit, 128

vs. SMR, 123

VABHYOGAZ project, 123–124, 125f
WGS catalytic reactor, 125

Steam methane reforming (SMR), 11–12,
463–464

alumina-supported nickel catalysts, 121–122
from biogas, 90

block diagram, 427, 427f
kinetic models, 128–132
from natural gas, 89

nickel-based catalysts, 121–122
performance figures, 121, 122t
process
H2 separation, 121

natural gas pretreatment, 120

steam generation, 120

steam reforming, 114t, 121

WGS, 121

vs. SBR, 123
thermodynamic equilibrium

atmospheric pressure, 117

chemical reactions, 114–115, 114t
CH4-H2O mixture, 114–115, 115f
equimolar ratio of H2O/CH4, 115

molar ratio of H2O/CH4, 115–117, 116f
reaction pressure, 117–118, 117f
Steam reforming, 112, 112s
methane reforming
with mixture of steam/carbon dioxide

(see Dual methane reforming (DMR))

with steam (see Steam methane reforming

(SMR))

SBR process (see Steam biogas reforming

(SBR))

Stochastic programming, 356

Storage containers

emptying, higher-pressure buffer, 260–263,
262–263t

progressive filling, 258–260, 260t
transportable, 244

Strategic planning, 351

Superstructure-based mathematical

programming approach, 423–424
mathematical formulations
connection and pressure constraints,

447–448
fuel system, 447

problem statement, 443

Supply chain management (SCM), 38

dynamic programming, 356–357
equilibrium model, 358

linear formulation, 354–355
mathematical programming, 353–354
MCDM approaches, 363–365
multiobjective formulation

(see Multiobjective optimization)

nonlinear formulation, 356

optimization methods, 351–353, 352–353t,
354f

single-objective optimization problem, 354

supply chain network design under

uncertainty, 365–366, 366t
Supply chain network design (SCND),

365–366, 366t, 462
Synthesis gas production, 316–317
Synthetic natural gas (SNG), 313–314

T
Tactical planning, 351

Tank-to-wheel (TtW), 503

Technical values

capacities, hydrogen storage technologies,

192, 192f

gravimetric energy density, 188, 192–194
idle storage conditions, 192, 194f

overall energy density, 188, 195

storage conditions at idle state, 188, 194f,

195–196
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Technical values (Continued)
system fill rate, 188, 192, 193f, 195

volumetric energy density, 188, 194

WtFC efficiency, 188, 195

Technique for Order Preference by Similarly

to Ideal Solution (TOPSIS), 364–365
Testudo hermanni, 299–301
Thermochemical methanation, 10–11
Thermodynamic equilibrium

DMR, 118–119, 119–120f
DRM
equimolar mixture, CH4 and CO2, 133,

133f

molar mixture, CO2/CH4, 133–134, 133f
reaction pressure, 134, 134f

SMR

atmospheric pressure, 117

chemical reactions, 114–115, 114t
CH4-H2O mixture, 114–115, 115f
equimolar ratio of H2O/CH4, 115

molar ratio of H2O/CH4, 115–117,
116f

reaction pressure, 117–118, 117f
TRM, 148–149, 148f

Time-on-stream (TOS), 134–135
Total annualized cost (TAC), 449

Total primary energy supply (TPES), 4–5, 4f
Transportable storage containers, 244

Transportation material, 245

Treaty of Lisbon, 294

Tri-reforming of methane (TRM)

catalysts
endothermic steam reforming, 149

exothermic partial oxidation, 149

extent of interaction, 160

Ni-based catalysts, 149

promoters, 152–153, 154–156t
supports, 149–151
synergetic effect, 160

kinetic model

activation energies and reaction orders,

153–158, 157t
Boudouard reaction, 158–159
four-step reaction mechanism, 158–159,
158t

kinetic expressions and associated

parameters, 159, 160t

mechanistic reaction pathways, 153

Ni catalysts, 153

reaction order for CO2, 153–158, 158t
reaction rate, 153–158
reverse water gas-shift reaction, 158–159

thermodynamic equilibrium, 148–149,
148f

TRM. See Tri-reforming of methane (TRM)

U
Uncontrolled flow of energy (UFOE) model,

522

US Department of Energy (DOE), 24–25

V
Very-high-pressure buffer (VHPB), 232

W
Water-gas-shift (WGS) reaction, 112–113
Weighted sum method, 360, 378

Well-to-tank (WtT), 503

Well-to-wheel (WtW) life cycle, 70

Well-to-wheel (WtW) studies, 500–501
Wind, 45–46
World fuel shares, 4–5, 4f
World total final consumption by fuel, 4–5, 4f
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