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Index

a
acid-doped CNT film-based OSC 36
acrylonitrile 235, 236
additive manufacturing 13, 20, 196
Air Brayton cycle 108
alkaline fuel cell (AFC) 210
allotropes of carbon materials 33, 34
ammonia-based solar TCES 122
ammonia-based TCES system 96
ammonia synthesis/dissociation 95–96
ammonium hydrogen sulfate

synthesis/dissociation 112
amorphous carbon (a-C) 33
annular autothermal heat recovery

reactor (AHRR) 122, 123
autothermal synthesis reactor (ATR)

121, 122

b
benzene hydrogenation technology 94
bilayer heterojunction OSC 28
binary and ternary OSCs 39, 40
biofuel cells 248–249
biphenyl-4,4′-dicarboxylate (BPDC) 289
Bi2Te3 crystal structure 6
Bi2Te3 material 5–6
black phosphorus 7–9
Bridgeman method 10, 11
Brownian diffusion 273
bulk heterojunction (BHJ) structure for

OSCs 28

c
Ca(OH)2/CaO-based TCES system 102,

124
Ca(OH)2/CaO chemical heat pumps 103
CaCO3/CaO-based energy storage system

99
CaO/Al2O3 composites 100
CaO-CO2-adsorbent system 99
CaO-CO2-compressor system 99, 100
CaO/PbO/CO2 chemical heat pump 99
CaO/PbO/CO2 combination system 99
carbon allotropes, properties of 34
carbonates calcination/carbonation

97–101
carbon capture and storage (CCS)

technology 283, 284
carbon capture and utilization (CCU)

technology 283–284
carbon/carbon composites

benefits of 239–240
demand for 241

carbon dioxide capture
chemical conversion 292

fuels by catalytic hydrogenation
293–295

fuels by electrocatalysis 295–297
fuels by photocatalysis 295–297

materials 286–292
carbon materials 290–292
metal-organic frameworks 288–290
porous organic polymers 287–288
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carbon dioxide capture (contd.)
oxy-fuel combustion 285
post-combustion 286
pre-combustion 284–285
technology 284–286

carbon fiber (CF) 233, 248
application 236–237
biofuel cells 248–249
emerging trends 249–250
hydrogen production industry

hydrogen fuel cells 243–245
hydrogen storage technology

245–246
phase change energy storage 247–248
photovoltaic industry

heating field 239–241
photovoltaic cell carrier board

241–243
pitch-based, viscose based, PAN based

234–236
recycling 251
recycling technology 250–253
redox fluid flow batteries 246–247
in wind power 237–239

carbon fiber ionic liquid/stearic acid
(CF-ILs/SA) 248

carbon fiber-reinforced polymer (CFRP)
185–187, 192, 236, 245, 251, 253

carbon nanofluids
EOR 259

CNTs-based nanofluid 262–265
CQDs-based nanofluid 269–272
GO-based nanofluid 265–269
graphene-based nanofluid 259–272
influencing factors 272–274

mechanisms
emerging trends 275–276
interfacial tension 274–275
mobility ratio 275
separation pressure 275
wettability 274

carbon nanomaterials 33
carbon nanotube-based nanofluid

262–265
carbon nanotubes (CNTs) 34–36

carbon quantum dots-based nanofluid
269–272

catalytic closed-loop solar TCES system
93

catalytic hydrogenation 293–295
cetyltrimethyl ammonium bromide

(CTAB) 271
chemical heat pump (CHP) system 99,

103
chemical recovery method

solvent dissolution method 186–187
supercritical fluid degradation method

184–186
chip-level vertical miniature

thermoelectric generator based on
Si nanowire array 17

clean and renewable energy 27
CMOS MEMS-based hybrid micro

thermoelectric device 18
Co/Al/Zr-doped CaMnO3 perovskites

109
CO2 emissions 93, 184, 257, 283, 284
combined heat and power (CHP) 210
complementary metal oxide

semiconductor (CMOS)-based
lateral structure 17

concentrated solar technology 89
Concentrated Solar Thermal Power

(CSTP) 89, 91, 93, 95, 100, 102,
120, 131, 135, 137

Concentrating Solar Power (CSP) plants
98, 108, 113

conjugated microporous polymers (CMPs)
287

covalent organic frameworks (COFs)
287

covalent triazine frameworks (CTFs)
287

CS-TENG 163–165

d
deep reaction-ion etching (DRIE) 18
density functional theory (DFT) 214
direct contact type of fixed/packed bed

reactor 127–129
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direct ethanol fuel cells (DEFCs) 208
directly heated receivers/reactors 115

e
electrocatalysts 211–224

noble metal-based catalyst 212–217
non-metal-based catalyst 221–224
non-precious-metal catalysts 217–221

electrochemical recovery treatment
method 191–193

emulsion stability index (ESTI) 267
emulsion stability volume index (ESVI)

267
endothermic WGS reaction 93
energy harvesting devices 161
energy recovery method 193
enhanced oil recovery (EOR) 257–259

CNTs-based nanofluid 262–265
CQDs-based nanofluid 269–272
GO-based nanofluid 265–269
graphene-based nanofluid 259–272
influencing factors 272–274

ester-type solvents 71
ether-based solvents 71, 73, 78
exothermic WGS reaction 93
expanded graphite (EG) 248
extended X-ray absorption fine structure

(EXAFS) 215

f
Faradaic efficiency (FE) 297–298
FeNbSb-based half-Heusler alloys 6
FeV1-xTixSb half-Heusler alloys 12
fiber reinforced polymer composite

(FRPC) 186
fiber reinforced resin composite 197
15-kW solar ammonia dissociation reactor

120, 121
Fischer-Tropsch (FT) synthesis 295
fixed/packed bed receivers/reactors

124–129
flexible thermoelectric devices 18–20
fluidized-bed method 189–190
fluidized bed receivers/reactors 129–131

9-fluorenylmethyl pentafluorophenyl
carbonate (FPC) 288

fossil fuels 89, 161, 205, 225, 235, 243,
249, 250, 283–286, 292

IV-VI chalcogenides 7
FT-TENG 171–173
fuel cells

classification 207–211
alkaline fuel cell 210
proton exchange membrane fuel cell

208–210
solid oxide fuel cell 211

critical components 205
electrocatalysts 211–224

noble metal-based catalyst 212–217
non-metal-based catalyst 221–224
non-precious-metal catalysts

217–221
electrolytes types 208
next generation renewable energy

source 224
principle of 244

fullerene derivatives (PC61BM) 40
fullerene 1-(3-methoxycarbonyl)

propyl-1-phenyl[6,6]C61 (PCBM)
38

fullerene receptors 28, 38–43
fused deposition modeling (FDM) 14

g
gas cylinders, types 245
gas diffusion layer (GDL) 205, 246, 247
gas-gas TCES materials/reactions and

systems
ammonia synthesis/dissociation

95–96
organics reforming, decomposition and

gasification 92–95
sulfur-based cycle reactions 96–97

gas-gas TCES receivers/reactors
solar ammonia dissociation/synthesis

receivers/reactors 120–123
solar methane decomposition

receivers/reactors 118–120
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gas-gas TCES receivers/reactors (contd.)
solar methane reforming

receivers/reactors 113–118
solar sulfur-based cycle

receivers/reactors 123–124
GeTe material 4, 5
glass fiber reinforced polymer composite

(GFRPC) 185, 190, 193, 195
Global Wind Energy Council 181, 237
GO-based nanofluid 265–269
graphene 33, 36–38, 43, 217, 223
graphene-based nanofluid 259–272
greenhouse gas emissions 89, 257
Grove cell 205
Grüneisen constants 7–9
gum Arabic (GA) 261

h
half-Heusler alloys 6–7
heat recovery reactor (HRR) 121, 122
high-angle annular dark-field scanning

transmission electron microscopy
(HAADF-STEM) 213, 214

highly oriented pyrolytic graphite
(HOPG) 223

high temperature pyrolysis recovery
187–189

high-throughput airgel 3D printing 13
HycycleS 97
hydrogen evolution reaction (HER) 298
hydrogen fuel cell functions 243
hydrogen production industry

hydrogen fuel cells 243–245
hydrogen storage technology 245–246

hydrogen storage technology 245–246
Hydrogen THErmochemical Cycles

(HYTHEC) 97
hyper-cross-linked polymers (HCPs) 287

i
indirect contact fixed/packed bed reactor

124–127
industrial rotary kiln 132
inkjet printing 14

inorganic phase change materials
(IPCMs) 248

interfacial tension 274–275
internal beam 182
isopropanol/acetone/hydrogen chemical

heat pump (IAH-CHP) system
111

isopropanol/acetone/hydrogen chemical
reaction energy storage system
112

isopropanol dehydrogenation/
hydrogenation 111, 112

j
Janus GO (JGO) 268

l
latent thermal energy storage (LTES) 89,

90
liquid-gas TCES materials/reactions and

systems
ammonium hydrogen sulfate

synthesis/dissociation 112
isopropanol

dehydrogenation/hydrogenation
111, 112

local post-cut reuse 193–194
low permeability reservoirs 257, 258
LS-TENG 165–168

m
magnetic GO-Fe3O4 nanoparticles (MGO)

267–268
mechanical alloying 10, 12
melting method 11
membrane electrode assembly (MEAs)

205, 213, 216, 247
metal foams 126, 127
metal hydrides-based TCES system 105
metal hydrides

dehydrogenation/hydrogenation
104–106

metal-N-C-based catalysts 218–221
metal-organic frameworks (MOFs)

288–290
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metal oxides oxidation/reduction
107–111

methane-based solar TCES system 93
methane reforming reaction system 93
methanol-to-aromatics (MTA) 295
methanol-to-gasoline (MTG) 295
methanol-to-hydrocarbons (MTH) 295
methanol-to-olefins (MTO) 295
MgH2-based composites 106
Mg(OH)2/MgO chemical heat pumps

104
microbial demineralized fuel cells (MDC)

249
microbial electrosynthesis (MES) 249
microbial fuel cell (MFC) 248
micropelt platform technology 17
microporous layer (MPL) 205, 246
miniature thermoelectric devices 16–18
mobility ratio 275
Mo2C-based MXene flexible thin films 9
molten-salt tubular absorber/reformer

(MoSTAR) 117
moving bed receivers/reactors 131–135
multi-walled carbon nanotubes

(MWCNTs) 34, 262–265
MXenes 7, 9

n
n-and p-type thermoelectric materials

15, 16
nanostructural MgH2/Mg materials 106
N doped carbon-based catalyst 221–223
Ni-doped MgH2/Mg materials 106
nitrogen-doped graphene (NG) 222, 223,

261
N-(1-naphthyl) ethylenediamine (NEA)

261
noble metal-based catalyst 212–217

low Pt catalysts 213–214
Pt-alloy with carbon support 214–217

non-equilibrium Green’s function 7
non-fullerene acceptors (NFA) 28, 30,

38, 40–42
non-fullerene receptors 38–43
non-fullerene (IDTIC) receptors 40

non-metal-based catalyst 221–224
heteroatom doped catalyst 223–224
N doped carbon-based catalyst

221–223
non-precious-metal catalysts

metal-N-C-based catalysts 218–221
transition metal oxide-based catalysts

217–218
non-precious-metal catalysts (NPMCs)

217–221
n-type Bi2Te2.7Se0.3 10
n-type SnSe single crystals 10
nuclear magnetic resonance (NMR)

technology 276

o
organic phase change materials (OPCMs)

248
organic photovoltaic (OPV) cells 34
organic solar cells (OSCs)

advantages of adding nanomaterials
30–33

allotropes of carbon materials 33, 34
carbon nanotubes (CNTs) 34–36
fullerene receptors 38–43
graphene 36–38
mechanisms and structure of 28–30
non-fullerene receptors 38–43
silver nanowire-based nanoarrays

influence of nanomicrostructure
43, 44

silver nanowires (AgNW) 45–47
working mechanism 29

O-type thermoelectric device 15, 16
oxy-fuel combustion carbon capture

technology 285
oxygen reduction reaction (ORR),

electrocatalysts for see
electrocatalysts

p
particle flow reactor 119
PbCO3/PbO-based system 99
P-doped ordered mesoporous carbons

(POMCs) 224
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Peltier coefficient 3
Peltier effect 2–3
phase change energy storage 247–248
phase change material (PCM) 247, 248
phonon Boltzmann transport equation 7
photocell 27
photovoltaic industry

heating field 239–241
photovoltaic cell carrier board

241–243
pi-type thermoelectric device 15, 16
planar heterojunction 29
P-N heterojunction structure 29
polyacrylonitrile (PAN)-based carbon

fibers 234
porous aromatic frameworks (PAFs) 287
porous carbon electrode (PCE) 213
porous materials (PMs) 286, 287, 299
porous organic frameworks (POFs) 287
porous organic polymers (POPs)

286–288
porous polymer networks (PPNs) 287
post-combustion carbon capture

technology 286
precious group metals (PGMs) 212
pre-combustion carbon capture

technology 284–285
proton exchange membrane fuel cell

(PEMFC) 208–210
proton exchange membranes fuel cell

(PEMFCs) 206, 207, 217, 247, 249
Pt-based catalysts 213
p-type Bi0.5Sb1.5Te3 (BST) slurry 9, 10
p-type semiconducting poly(3-hexylthi-

ophene) (P3HT) 38

r
recycling of waste WTBs

burial and incineration 183–184
chemical recovery method

solvent dissolution method
186–187

supercritical fluid degradation
method 184–186

electrochemical recovery treatment
method 191–193

energy recovery method 193
manufacturing of 183
physical recovery method 184
thermal recovery method 187–191

fluidized-bed method 189–190
high temperature pyrolysis recovery

187–189
microwave pyrolysis method

190–191
redox fluid flow batteries 246–247
reuse after crushing 194–196
reverse water-gas shift reaction (RWGS)

293, 294
Ru/γ-Al2O3 catalyst 93

s
Sb2Te3 nanoplate 13
screw extruder reactor 135
Seebeck coefficient 3, 4, 7–9, 20
Seebeck effect 1–2
selective laser melting (SLM) process 14
selective laser sintering (SLS) 14
sensible thermal energy storage (STES)

89, 90
SE-TENG 168–171
shell and tube type moving bed reactors

131–132
silicon solar cell technology 27
silver nanowires (AgNW) 45–47
single-crystalline Bi2Te3 thermoelectric

nanowires (BTNWs) 9
single-walled carbon nanotubes

(SWCNTs) 34, 262, 264, 265
sodium dodecyl sulfate (SDS) 263–265
solar ammonia dissociation/synthesis

receivers/reactors 120–123
solar cell 27–48, 242 see also organic

solar cells (OSCs)
solar chip 27
solar-driven CH4/CO2 or CH4/H2O

reforming system 93, 94
solar-driven methane reforming 93, 136
solar-driven ZnO dissociation 134
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solar energy 27, 161, 173, 295, 297
renewable solar energy utilization (see

thermochemical energy storage
(TCES))

solar methane decomposition
receivers/reactors 118–120

solar methane reforming
receivers/reactors 113–118

solar photovoltaic (SPV) 27, 89, 242
solar receivers/reactors for TCES systems

gas-gas TCES receivers/reactors
113–124

solid-gas TCES receivers/reactors
124–135

solar sulfur-based cycle receivers/reactors
123–124

SOLASYS ceramic foam-based directly
irradiated solar steam methane
reformer 116

solid-gas TCES materials/reactions and
systems

carbonates calcination/carbonation
97–101

hydroxides dehydration/hydration
101–104

metal hydrides
dehydrogenation/hydrogenation
104–106

metal oxides oxidation/reduction
107–111

solid-gas TCES receivers/reactors
fixed/packed bed receivers/reactors

124–129
fluidized bed receivers/reactors

129–131
moving bed receivers/reactors

131–135
solid oxide fuel cell (SOFCs) 211
solvothermal preparation 12, 13
SO3/O2/SO2 TCES system 97
spin-on dopant (SOD) method 223
spiral fins 126
sulfonated tetrafluoroethylene-based

fluoropolymer-copolymer sulfonic
acid 35

sulfur-based cycles 97
sulfur-based reactions 96–97
sulfur functionalized carbon quantum

dots (S-CQDs) 270
supercritical fluid degradation method

184–186

t
TAGS-x 4
ternary blend strategy 29
thermal energy storage (TES) 89, 97, 247
thermal energy storage system (TESS)

89
thermal recovery method

fluidized-bed method 189–190
high temperature pyrolysis recovery

187–189
microwave pyrolysis method 190–191

thermochemical energy storage (TCES)
90

gas-gas TCES materials/reactions and
systems

ammonia synthesis/dissociation
95–96

organics reforming, decomposition
and gasification 92–95

sulfur-based cycle reactions 96
liquid-gas TCES materials/reactions

and systems
ammonium hydrogen sulfate

synthesis/dissociation 112
isopropanol

dehydrogenation/hydrogenation
111, 112

solar receivers/reactors for TCES
systems

gas-gas TCES receivers/reactors
113–124

solid-gas TCES receivers/reactors
124–135

solid-gas TCES materials/reactions and
systems

carbonates calcination/carbonation
97–101
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thermochemical energy storage (TCES)
(contd.)

hydroxides dehydration/hydration
101–104

metal hydrides
dehydrogenation/hydrogenation
104–106

metal oxides oxidation/reduction
107–111

thermoelectric conversion
indicators for thermoelectric materials

and devices 3–4
Peltier effect 2–3
Seebeck effect 1–2
technology 1, 20
Thomson effect 3

thermoelectric devices
conventional devices 15–16
flexible thermoelectric devices 18–20
miniature thermoelectric devices

16–18
thermoelectric liquid materials 9–10
thermoelectric materials

Bi2Te3 material 5–6
2D thermoelectric materials 7–9
GeTe material 4, 5
half-Heusler alloys 6–7
preparation of 10–15
thermoelectric liquid materials 9–10

thiol-functionalized carbon fiber (TCF)
187

Thomson coefficient 3
Thomson effect 3
Thomson heat 3
transition metal disulfides (TMDs) 7, 19
transition metal oxide (TMO)-based

catalysts 217–218
triboelectric nanogenerators (TENG)

applications and working modes of
164

CS mode 163–165
FT-TENG 171–173
LS-TENG 165–168
recent research on potential

mechanism 162–163

SE-mode 168–171
two-dimensional (2D) bismuth telluride

nanosheets 13
two-dimensional (2D) materials 7, 8
two-dimensional pseudo-homogeneous

packed-bed catalytic reactor model
120

two-dimensional (2D) thermoelectric
materials 7–9

u
uninterruptible power supplies (UPS)

205

v
van der Waals forces 265, 291
vertical miniature thermoelectric device

16, 17
vortex flow reactor 119

w
water-gas shift (WGS) 93, 284, 293
wettability 78, 259–261, 263, 266, 268,

270, 271, 273–275
wind energy 173, 181, 182, 197
wind power

capacity 181
generation 182 (see also wind turbine

blades (WTBs))
life cycle of 239

wind turbine blades (WTBs) 182
after recycling

local post-cut reuse 193–194
reuse after crushing 194–196

future direction of 196–198
recycling of waste

burial and incineration 183–184
chemical recovery method 184–187
electrochemical recovery treatment

method 191–193
energy recovery method 193
manufacturing 183
physical recovery method 184
thermal recovery method 187–191

wind turbines 182, 183, 190, 193, 237
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x
X-ray absorption near-edge structure

(XANES) 215
X-ray photoelectron spectroscopy (XPS)

217, 222, 297

y
yttria-stabilized zirconia (YSZ) 211
Y-type thermoelectric device 16
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