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Preface

Excessive utilization of fossil fuels and petrochemicals along with the
increased industrial manufacturing processes, emissions from automobiles,
and anthropogenic activities has resulted in a rise in the CO2 levels in the
atmosphere. A higher level of CO2 in the atmosphere is a leading cause
of global warming and climate change. Biofuels, biochemicals, and bio-
products have a lower carbon footprint because the CO2 liberated from
their end-use is utilized during photosynthesis to produce new plant bio-
mass. Nevertheless, there is a growing interest in carbon capturing and
sequestration techniques along with their utilization for manufacturing
value-added industrial products. This book covers the current research
and development of some leading technologies for capturing and utilizing
CO2 for high-value industrial processes and product manufacturing.

Chapter 1 by Patra et al. gives an overview of several sources of CO2

generation along with some recent developments in CO2 capturing and
storage technologies. The chapter also discusses the utilization of CO2 for
producing value-added materials using various sustainable technologies.
Chapter 2 by Ayodele et al. describes the prospects, challenges, and
opportunities for sustainable utilization of CO2 towards a circular econ-
omy. Processes such as reforming hydrocarbons and biomass, as well as
hydrogenation, are reported for the utilization of CO2 in producing
renewable fuels and value-added products. Chapter 3 by Farooqi et al.
comprehensively reviews the current progress and advancements of CO2

conversion into valuable fuels, including methane, dimethyl ether, metha-
nol, and gasoline. Chapter 4 by Leong et al. discusses the opportunity and
challenges in the bioconversion of carbon sources, which could provide
promising and closed-loop solutions for food security, energy, resource
scarcity, and reduction of CO2 emissions. Chapter 5 by Truong and
Mishra gives a broad outline on the utility of homogeneous organic bases
for the direct and smooth conversion of CO2 into urea, carbamates, car-
bonates, polymers, carboxylic acid derivatives, methanol, and heterocyclic
compounds. Chapter 6 by Berahim and Zabidi highlights the progress
made by the ongoing research and development in the catalytic conver-
sion of CO2 into methanol with a focus on developing Cu/ZnO-based
catalysts, catalyst activity, and the impact of process variables on the for-
mation of products. Chapter 7 by Mahinpey et al. reviews the current
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progress made in the application of CaO-based sorbents in the calcium-
looping process applied in post- and precombustion technologies.
Chapter 8 by Alipour et al. describes the evaluation of various heteroge-
neous catalysts for the dry reforming process by utilizing CO2. The chap-
ter discusses the effects of catalyst components, catalyst preparation
methods, and the impact of reforming process conditions on the catalytic
activity and coke deposition. Chapter 9 by Okolie et al. provides an over-
view of the unique properties of supercritical CO2 and its applications in
industrial processes such as hydrotreating of biofuels, extraction of bioac-
tive compounds, including cannabinoids, biomass pretreatment, steriliza-
tion of medical equipment, and conversion of waste heat into power.
Chapter 10 by Yong et al. elucidates the fundamentals of gas transport
through polymeric and inorganic membranes followed by membrane
preparation strategies, modifications methods in polymeric and inorganic
membranes as well as prospects of membrane separation for CO2 capture.
Chapter 11 by Monir et al. presents a detailed study of the effectiveness of
the application of enhanced oil and gas technology in an unconventional
petroleum reservoir. This chapter evaluates the prospects and challenges of
CO2 sequestration in oil and gas reservoirs for their enhanced recovery.

We are grateful to all the authors for contributing their high-quality
chapters toward the development of this book. We also express our
sincere thanks to the staff and associates at Elsevier for their enthusiastic
assistance and support in the preparation of this book. Our special thanks
go to Susan Dennis (Publisher), Emerald Li (Editorial Project Manager),
R. Vijay Bharath (Production Project Manager), Sujatha Thirugnana
Sambandam (Publishing Services Manager) and Christian J. Bilbow
(Cover Designer).

Sonil Nanda
Dai-Viet N. Vo

Van-Huy Nguyen

xx Preface



Contents

List of contributors xi

About the editors xv

Preface xix

1. A brief overview of recent advancements in CO2 capture and
valorization technologies 1

Biswa R. Patra, Shiva P. Gouda, Falguni Pattnaik, Sonil Nanda,
Ajay K. Dalai and Satyanarayan Naik

1.1 Introduction 1

1.2 CO2 emissions 3

1.3 CO2 capture and storage technologies 4

1.4 Valorization of CO2 to produce valuable chemicals 9

1.5 Conclusions 12

Acknowledgments 12

References 12

2. Sustainable utilization of CO2 toward a circular economy:
prospects, challenges, and opportunities 17

Bamidele Victor Ayodele, Siti Indati Mustapa, May Ali Alsaffar and
Dai-Viet N. Vo

2.1 Introduction 17

2.2 Overview of pathways for CO2 emissions 19

2.2.1 CO2 emissions in residential and commercial building 20

2.2.2 CO2 emissions in industrial processes 21

2.2.3 CO2 emissions in the transportation sector 22

2.2.4 CO2 emissions electricity generation 22

2.3 Strategies and circular economic model for mitigation of CO2

emissions and its sustainable utilization 24

2.3.1 Strategies for CO2 emission reduction 24

2.4 Processes for sustainable utilization of CO2 for value-added products 27

2.4.1 CO2 reforming of hydrocarbon and biomass 28

2.4.2 CO2 hydrogenation to renewable fuels and value-added products 29

2.5 Overcoming the challenges of CO2 valorization to sustainable products 31

2.6 Conclusions 32

References 33

v



3. CO2 conversion technologies for clean fuels production 37

Ahmad Salam Farooqi, Mohammad Yusuf, Noor Asmawati Mohd Zabidi,
Khairuddin Sanaullah and Bawadi Abdullah

3.1 Introduction 37

3.2 Methods for CO2 conversion 38

3.3 CO2 conversion into methanol 39

3.4 CO2 conversion into synthesis gas 43

3.5 CO2 conversion to methane (methanation) reaction 46

3.6 CO2 conversion into dimethyl ether 51

3.7 CO2 conversion into gasoline 55

3.8 Conclusions 58

Acknowledgments 58

References 58

4. Upcycling of carbon from waste via bioconversion into
biofuel and feed 65

Siew Yoong Leong, Shamsul Rahman Mohamed Kutty,
Pak Yan Moh and Qunliang Li

Abbreviations 65

4.1 Introduction 65

4.2 Upcycling of CO2 by microalgae 66

4.3 Upcycling of carbon by insect larvae 72

4.4 Biomethanation of CO2 by anaerobic digestion 80

4.5 Importance of bioconversion in circular bioeconomy 80

4.6 Opportunity and challenges in bioconversion of carbon source 82

4.7 Conclusions 86

References 86

5. Organic base-mediated fixation of CO2 into value-added
chemicals 93

Cong Chien Truong and Dinesh Kumar Mishra

Abbreviations 93

5.1 Introduction 94

5.2 Organic base-mediated transformation of CO2 into value-added products 95

5.2.1 Linear/cyclic urea and carbamoyl azides 95

5.2.2 Linear/cyclic carbamates 97

5.2.3 Linear/cyclic carbonates 98

5.2.4 Polyureas�polycarbonates 103

5.2.5 CO2 reduction-derived products 105

vi Contents



5.2.6 Carboxylic acids and their ester derivatives 109

5.2.7 Five-membered heterocycles 111

5.2.8 Six-membered heterocycles 114

5.3 Conclusions 120

References 120

6. Catalytic conversion of CO2 into methanol 129

Nor Hafizah Berahim and Noor Asmawati Mohd Zabidi

Abbreviations 129

6.1 Introduction 130

6.2 Methanol uses and applications 131

6.2.1 Chemical feedstock 131

6.2.2 Energy source 132

6.2.3 Other uses 132

6.2.4 Industrial methanol synthesis 132

6.2.5 Hydrogenation of CO2 into methanol 133

6.3 CO2 activation and its thermodynamic challenges for methanol
reduction 135

6.4 Catalysts for hydrogenation of CO2 into methanol 136

6.4.1 Cu/ZnO-based catalysts 136

6.4.2 Catalyst supports 138

6.4.3 Catalyst promoters 142

6.5 Factors affecting methanol synthesis 145

6.5.1 Catalyst pretreatment 145

6.5.2 Reaction conditions 148

6.6 Deactivation of the catalysts 153

6.7 Conclusions 154

References 155

7. Application of calcium looping (CaL) technology for
CO2 capture 163

Nader Mahinpey, Seyed Mojtaba Hashemi, S. Toufigh Bararpour and
Davood Karami

7.1 Introduction 163

7.2 Calcium looping process 164

7.3 Reactivity decay of CaO-based sorbents 167

7.3.1 Sintering 168

7.3.2 Reaction with impurities 170

7.3.3 Attrition 170

viiContents



7.4 Natural and synthetic CaO-based sorbents 172

7.4.1 Natural sorbents 173

7.4.2 Synthetic sorbents 181

7.5 Kinetics modeling of calcium looping process 188

7.6 Conclusions and perspectives 192

References 194

8. Dry reforming of methane and biogas to produce syngas:
a review of catalysts and process conditions 201

Zahra Alipour, Venu Babu Borugadda, Hui Wang and Ajay K. Dalai

Abbreviations 201

8.1 Introduction 201

8.2 Heterogeneous catalyst for dry reforming 203

8.2.1 Noble metal-based catalyst 203

8.2.2 Nonnoble metal-based catalysts 206

8.2.3 Bimetallic catalysts 208

8.3 Effects of supports 212

8.4 Role of modifiers 215

8.5 Role of preparation methods 219

8.6 Effects of process conditions 224

8.7 Role of precursor 227

8.8 Conclusions 228

Acknowledgments 230

References 230

9. Advances in the industrial applications of supercritical carbon
dioxide 237

Jude A. Okolie, Sonil Nanda, Ajay K. Dalai and Janusz A. Kozinski

9.1 Introduction 237

9.2 Unique properties of SCCO2 238

9.3 Industrial applications of SCCO2 240

9.3.1 Extraction of bioactive compounds 240

9.3.2 Extraction of cannabinoids 242

9.3.3 Conversion of waste heat into power 243

9.3.4 Catalysis 244

9.3.5 Sustainable energy generation 245

9.3.6 Biomass pretreatment and recovery of value-added biochemicals 246

9.3.7 Other industrial applications 247

9.4 Conclusions and perspectives 250

viii Contents



Acknowledgments 251

References 251

10. Application of membrane technology for CO2 capture and
separation 257

Wai Fen Yong, Can Zeng Liang and Chaitanyakumar Reddy Pocha

Abbreviations 257

List of symbols 258

10.1 Introduction 259

10.2 Transport mechanisms for gas separation 260

10.2.1 Diffusion in porous membranes 261

10.2.2 Diffusion in nonporous membranes 262

10.3 Membrane preparation 264

10.3.1 Preparation of polymeric membranes 264

10.3.2 Preparation of inorganic membranes 267

10.4 Polymeric membranes 269

10.4.1 Polymer blends membranes 269

10.4.2 Mixed matrix membranes 273

10.5 Inorganic membranes 274

10.5.1 Carbon molecular sieve membranes 274

10.5.2 Ceramic membranes 276

10.5.3 Zeolite membranes 279

10.6 Conclusions and perspectives 281

References 282

11. Sequestration of carbon dioxide into petroleum reservoir for
enhanced oil and gas recovery 291

Minhaj Uddin Monir, Azrina Abd Aziz, Fatema Khatun,
Mostafa Tarek and Dai-Viet N. Vo

Abbreviations 291

11.1 Introduction 291

11.2 Oil and gas reservoirs 293

11.3 Advanced oil and gas recovery mechanism 295

11.3.1 Enhanced oil recovery 296

11.3.2 Enhanced gas recovery 297

11.3.3 Challenges and strategy for increased oil/gas recovery 297

11.4 Fundamentals of CO2 gas injection 297

11.4.1 Sources of CO2 298

11.4.2 Surface facilities 301

ixContents



11.5 Technologies for enhanced oil/gas recovery 302

11.5.1 CO2 injection for enhanced oil recovery 302

11.5.2 CO2 injection for enhanced gas recovery 303

11.5.3 CO2 solubility in oil and gas 305

11.5.4 CO2 injection facilities and process design considerations 305

11.6 Economic evaluation 305

11.7 Conclusions 306

References 307

Index 311

x Contents



 

 

 

 



 

 

 
 

 



 

 

 
 

 



 

 

 



Index

Note: Page numbers followed by “f” and “t” refer to figures and tables, respectively.

A
Attrition, 170�172

B
Bioconversion
of carbon source
opportunity and challenges in, 82�85,

84t
technical and economic aspects,

82�83
Bioconversion
in circular bioeconomy
importance of, 80�82
of insects and microalgae, 83f
linear economy versus, 81f

Biomethanation of CO2

by anaerobic digestion, 80
biological process results, 80
complex organic molecules, 80
of digestion process, 80

C
Calcium looping (CaL)
process
carbonation conversion, 189
chemical reaction and diffusion stages,

166f
cyclic CO2 capture in, 165f
GM equation, 190�191
kinetics modeling of, 188�192
pre-combustion with, 168f

technology
of CaO-based sorbents, 167�172
kinetics modeling of, 188�192
natural and synthetic CaO-based

sorbents, 172�188
process of, 164�167

CaO-based sorbents
attrition, 170�172

calcium compounds, physical property
of, 169t

carbonation/calcination cycles, 170f
impurity reaction, 170
reactivity decay of, 167�172
recarbonation step, 172f
sintering, 168�169

Catalyst
for hydrogenation
alumina as, 138�140
of CO2 into methanol, 136�145
in CO2 using fixed-bed reactors, 146t
mesoporous silica (SBA-15) as,
140�142

promoters, 142�145
supports, 138�142

preparation method
calcination temperature role in, 223
challenges in, 221
hydrogen-TPD profiles for Ni, 220f
impregnation technique of,
220�221

mesostructured fibrous zeolite support,
222�223

microemulsion and impregnation on,
222

Rh size distribution, 222f
scanning electron microscopy, 224f
via different techniques and
conditions, 221�222

pretreatment, 145�147
promoters, 142�145

Catalytic conversion of CO2 into methanol
activation and thermodynamic challenges

for, 135�136
deactivation of, 153�154
factors affecting, 145�153
hydrogenation of, 136�145
uses and applications, 131�135

Chemical feedstock, 131�132

311



Circular economic model for mitigation of
CO2 emissions

building design and technological
innovations, 25

emissions from different processes, 25f
greenhouse effects, 24
reduction of, 24�27
in shipping industry, 26
strategy and, 24�27
and sustainable utilization, 24�27
transport energy efficiency, 26

CO2 capture
combustion processes, 9
fossil fuels, 5
higher reactivity of, 5�6
from large point sources, 4�5
with materials and methods, 8t
of oxy-combustion, 9f
oxy-fuel combustion, 7�9
polymeric and zeolite-based membranes

using, 6
pre-combustion, 7
and storage technology, 4�9
technique of, 7
using alkaline solution, 6
and valorization technology

carbon-based products market, 1�2
emissions, 3�4
Intergovernmental Panel on Climate
Change (IPCC), 1�2

primary greenhouse gas, 1
and storage, 4�9
to valuable chemicals, 9�12

CO2 conversion
into dimethyl ether

one-step and two-step processes, 51f
reactors types for, 53t

into gasoline
HHC chain reactions, 56
hydrocarbon ranges over zeolite
catalysts, 57f

hydrogenation reaction, 57f
two stage reactor for, 55f

to methane reaction
catalyst synthesis scheme, 50f
CH4 over Ag-doped N/TiO2

photocatalyst, 50f

CH4 production rate, 50f
and H2 activation, 49f
hydrogenation of, 48f

into methanol, 39�43
catalyst for hydrogenation of, 42t
Cu particles with ZnO, 41�43
with Cu/ZrO2 bifunctional catalyst,
41f

formation of methanol, 40
methods, 38�39
into synthesis gas
Boudouard reaction, 45
DRM, catalysts for, 47t
dry reforming of methane, 44
formation of, 43�44
methane decomposition, 45
partial oxidation of methane, 44
steam reforming of methane, 44
syngas ratio (SR), based on, 44f

technology into clean fuels
to dimethyl ether, 51�55
to gasoline, 55�57
to methane reaction, 46�50
to methanol, 39�43
methods for, 38�39
to synthesis gas, 43�46

CO2 emissions
coal, 4
from different sectors, 3f
major emerging economy nations, 4
pathways for
from different sectors, 20f
electricity generation, 22�23, 24f
in industrial processes, 21�22
overview of, 19�23
in residential and commercial
building, 20�21

in transportation sector, 22, 23f
power and industry sectors, 3
sources of, 3
vs world population by years, 5f

CO2 gas injection, fundamentals of
EOR/EGR surface infrastructure,

301�302, 302f
multiple phases design, 301
sources of, 298�301
electricity/heat sector, 299

312 Index



fossil fuel combustion and usage, 299
industrial processes, 300�301
industrial sector, 300
land-use, 300
transportation sector, 300

CO2 valorization challenges
overcoming, 31�32
to sustainable products, 31�32

Conventional petroleum reservoirs, 292
Conventional reservoirs, 292
Core-shell, 180�181

D
Dry reforming of methane
carbon types, 202
heterogeneous catalyst for, 203�212
modifiers, role of, 215�219
Oxo and Fischer-Tropsch processes, 202
precursor, role of, 227�228
preparation methods, 219�224
process conditions, effects of, 224�227
support material of catalyst, 212�215

Dry reforming reaction
modifier role in
CH4 and CO2 conversion with

temperature, 217f
promoters used for, 216t
TPO contours for, 218f

support for
catalysts with, 213t
CH4 and CO2

conversion efficiency for, 214f

E
Enhanced oil/gas recovery, 296�297
technology
CO2 injection for, 302�305
CO2 solubility in, 305
EOR applications, 304t
facility and process design, 305
optimum conditions for, 302�303

EOR technique, 292

F
Factors affecting methanol synthesis
catalyst pretreatment, 145�147

reaction conditions, 148�153
space velocity, 152�153

temperatures and pressures on catalysts,
148�151, 151t

G
Gasification, 237
Gas recovery mechanism

advanced oil and, 295�297
challenges and strategy for increasing,

297
by chemical EOR technology, 295
enhanced, 297
extraction of, 296f

Gas reservoirs
economic viability, 294
oil and, 293�294, 293f
petroleum, 294
recoverable oil and, 293�294
sandstone and carbonate formations,

293�294
Global greenhouse gas emissions,

237�238
Greenhouse gas, 237�238

H
Heterogeneous catalyst for dry reforming

bimetallic, 208�212, 210t
CH4 conversion, 206f
CO2 conversion on, 206f
CoMgoO, 207f
noble metal-based, 203�206, 204t
nonnoble metal-based, 206�208, 209t
time vs CH4, 207f

HyPr-RING, 167

I
Industrial applications of SCCO2

advantages of, 244
bioactive compounds, extraction of,

240�242
biomass pretreatment, 246�247
cannabinoids, extraction of,

242�243
Cannabis sativa, 242
catalysis, 244�245

313Index



Industrial applications of SCCO2

(Continued)
conventional extraction methods,

240�241
with conventional solvent extraction,

241�242
for recovery of bioactive compounds,
241t

C. sativa, harvesting and processing of,
242�243

green solvent, acts as, 246�247
for microorganism inactivation, 249t
microwave-assisted technology, 243
power cycles, 246
as pretreatment method, 247
solubility of, 243
study on, 250
supercritical fluid extraction, 240�241
sustainable energy generation,

245�246
thermodynamic cycles using, 244
unique property of, 238�240
use of, 245
value-added biochemicals, recovery of,

246�247
waste heat into power, conversion of,

243�244
Industrial methanol synthesis, 132�133
Inorganic membranes
carbon molecular sieve, 274�276
ceramic, 276�278
CMS, structural property of, 276f
gas separation performances,

279�280
in-situ synthesis and secondary growth

methods, 279
porous support of zeolite, 280
pyrolysis method, 275
YSZ ceramic hollow fiber support, 278f
zeolite, 279�281
of zeolite, 279
zeolite/microporous structures, 280f

Isotropic heterogeneous polymers,
270�271

L
Liquefaction, 237

M
Membrane preparation
of inorganic, 267�269
chemical vapor deposition, 269
pyrolysis, 269
slip casting, 267
sol-gel process, 267�269, 268f

of polymeric, 264�267
non-solvent induced phase, 265�266
phase inversion technique, 264�265
thermally induced phase separation,
266�267, 266f

Membrane technology for CO2 capture
and separation

inorganic, 274�281
polymeric, 269�274
preparation of, 264�269
transport mechanisms for gas, 260�264

Mesoporous silica, 140�142
Methanol economy, 131
Methanol uses
and application, 131�135
chemical feedstock, 131�132
energy source, 132
hydrogenation of CO2 into, 133�135
formation, 134
reverse water-gas shift reaction, 134

industrial synthesis, 132�133

N
Natural and synthetic CaO-based sorbents
cyclic performance of, 186f
homogeneous distribution of stabilizer

in, 188f
natural sorbents, 173�181
chemical pretreatment, 177�179
doping of, 174�177
sintering-resistant supports, 179�181

of Rheinkalk limestone, 182f
synthetic sorbents, 181�188
CaO-based, 184�188
derived calcium acetate, 183f
derived calcium hydroxide, 183f
unsupported, 182�184

Tammann temperature, 185t
and undoped Longcliffe limestone, 177t

Natural sorbents, 173�181

314 Index



O
Oil and gas reservoirs, 293�294
Organic base-mediated fixation of CO2

and 2-ABNs, 118f
and 2-aminobenzonitriles, 117t
assembly of imidazo-pyridinones from,

114f
carbon capture and storage (CCS), 94�95
carbon capture and utilization (CCU),

94�95
carboxylation of o-

acetamidoacetophenone with,
115�116, 116f

carboxylic acids and ester derivatives,
109�111

derived azoles over organic bases, 112f
five-membered heterocycles, 111�114
gluconic anhydrides from 2-butenoates,

119f
hydroboration of BH3NH3 with, 109f
hydroxybromination and carboxylation,

sequence of, 101
isocyanate-free productions of polyureas,

103�104
linear/cyclic
carbamates, 97�98
carbonates, 98�103
urea and carbamoyl azides, 95�97

of organocatalysts in synthetic chemistry,
95

polyureas-polycarbonates, 103�105
with propargyl alcohols and external

nucleophiles, 103f
and propylene oxides, 100f
reduction-derived products, 105�109
six-membered heterocycles, 114�120
TBD-mediated
synthesis of aminals from, 107f
transformation, 114�115

into value-added products, 95�120
Oxygen carriers, 163

P
Peptization, 267�268
Petroleum reservoir for enhanced oil and

gas recovery
advanced mechanism, 295�297

economic evaluation, 305�306
gas injection, fundamentals of, 297�302
reservoirs, 293�294
technology for, 302�305

Phase separation, 264
Photoautotrophic microalgae, 68�69
Polymeric membranes

based on polyimide, 276f
blends, 269�273
Fox equation, 271
mixed matrix, 273�274
MMMs fabrication, 273�274
overview of, 270f
phase behavior of, 270�271
sieve materials, 274

Polymer production, 11�12
Precursor role in dry reforming process,

227�228
Primary energy sources, 291�292
Process conditions on dry reforming

biogas, sources of, 227
calcination temperature affecting, 225
of multiwalled carbon nanotubes

(MWCNTs), 225
pretreatment and calcination

temperature, effects of, 226
reduction temperature in, 226

R
Recovery factor, 295

S
Sintering, 168�169
Slip casting, 267
Solvent, 265
Space velocity, 152�153
Supercritical fluids, 238
Sustainable utilization of CO2

on circular economy, 27f
hydrocarbon and biomass
reforming of, 28�29
to syngas, 28f

hydrogenation to renewable fuels,
29�31

processes for, 27�31
renewable fuel, 30f

315Index



Sustainable utilization of CO2 (Continued)
toward circular economy

challenges of, 31�32
global emissions of, 19f
greenhouse gases emitted into
atmosphere, 18f

growth of, 17�18
industrial processes, 17
integration of, 19
pathways for emissions, 19�23

for value-added products, 27�31
Syngas, 43
Synthetic sorbents, 181�188

T
Tammann temperature, 185t
Tertiary oil recovery, 296
Thermodynamic challenges for methanol

reduction, 135�136
Transport mechanisms for gas separation
model assumptions, 262�263
nonporous membranes, diffusion in,

262�264
permeability and selectivity parameters,

263
polymeric membranes, 263�264
porous membranes, diffusion in,

261�262
solution-diffusion model, 262f

U
Undoped Longcliffe limestone, 177t
Unique property of SCCO2

CO2 with constant density lines, 239f
of pure components, 239t

Upcycling of carbon
by insect larvae

farming and processing, 77f
fatty acid component, 79t
GHG emissions of foods, 75f
H. illucens, bioprocess technology for,
77�78

insect farming, advantages of, 76�77

of organic waste to energy, 78f
from waste via bioconversion into

biofuel
by anaerobic digestion, 80
in circular bioeconomy, 80�82
by insect larvae, 72�79
by microalgae, 66�72
opportunity and challenges in, 82�85

Upcycling of CO2 by microalgae
an alternative protein, 69�72
bioconversion of, 67
bioethanol from, 69
for biofuel and feed, 68f
biomasses of, 67�68
biomass via photosynthesis, 67
bioprocess of converting, 67
as carbon source for biotechnical

application, 70t
Chlorella and Spirulina, nutritional profile

of, 73t
conversion bioprocess of, 67
fatty acid component derived from algae

strains, 71t
fermentation of, 69
photoautotrophic, 68�69
strains of, 69

V
Vacuum substitute, 295
Valorization of CO2

copolymerization of, 11�12
enhanced oil recovery, 10�11
methanol production, 10
petrochemical industry, 11�12
photocatalytic conversion of, 11
to produce valuable chemicals, 9�12
recycling and utilization, 9
using electrochemical conversion

pathway, 9�10

W
Waste-to-energy conversion processes, 237
Waste upcycling, 66

316 Index


	Copyright
	Preface
	Contents
	Index

