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Preface

As the global community grapples with the pressing issue of climate change, under-
standing and mitigating the effects of greenhouse gases have become paramount. This
seven-volume collection titled “Advances and Technology Development in
Greenhouse Gases: Emission, Capture and Conversion,” aims to provide an in-depth
exploration of the latest advancements and technological developments in this field
and delves into the multifaceted realm of greenhouse gases, addressing crucial aspects
of their formation, challenges, emissions, climate change impacts, storage, transporta-
tion, carbon capture technologies, and conversion processes. From fundamental con-
cepts to cutting-edge methodologies, each volume is meticulously curated to offer a
holistic perspective on the diverse challenges and opportunities associated with green-
house gases. Whether you are a seasoned researcher, industry professional, or student,
this series endeavors to be an invaluable resource, fostering a deeper understanding of
the critical issues surrounding greenhouse gases and contributing to the ongoing global
efforts toward a sustainable and resilient future.

This volume titled “Carbon Dioxide Conversion to Chemicals and Energy,”
immerses readers in the innovative realm of converting carbon dioxide into high-value
chemicals and energy. As the global community grapples with the imperative of miti-
gating greenhouse gas effects, this volume serves as a beacon, oftering insights into the
transformative potential of harnessing carbon dioxide for productive applications.

5

Section 1, “Carbon Dioxide Conversion and Applications,” initiates the explora-
tion with a fundamental introduction to the production of high-value chemicals and
energy from CO,. Economic assessments and cost analyses delve into the financial
landscape of CO, capture and utilization, addressing the economic viability of these
technologies. Simultaneously, environmental impacts and challenges associated with
CO, usage for synthesizing products and energy are scrutinized, emphasizing the
importance of sustainable practices. The section culminates with an overview of the
largest operating plants and pilots for carbon conversion, showcasing the practical
applications of these cutting-edge technologies.

Section 2, “Carbon Dioxide to Products,” extends the journey into the transfor-
mative realm of specific products derived from carbon dioxide. From CO, conversion
to urea, methanol, and methane, the section explores diverse applications, offering a
nuanced understanding of the intricate processes involved. Synthesis of carbon mon-
oxide, salicylic acid, hydrocarbons, oxygenated hydrocarbons, and the sonochemical
conversion of hydrocarbons expand the horizon of possibilities. Fuel production, oxa-
late and oxalic acid synthesis, carboxylic acid production, direct conversion to

Xvii
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Preface

dimethyl ether, and the synthesis of ethylene, ethanol, polymers, and carbon nano-
tubes underscore the versatility of CO, conversion technologies.

Throughout this volume, recent advances and new concepts in CO, conversion
and applications emerge as a common thread, highlighting the dynamic nature of
research and innovation in this field. The exploration is not just theoretical; it extends
to the practical realm with insights into the operational challenges, economic consid-
erations, and environmental impacts associated with large-scale carbon conversion.

As readers traverse the rich tapestry of “Carbon Dioxide Conversion to Chemicals
and Energy,” they are invited to engage with a wealth of knowledge. The volume
aims to be a comprehensive resource for seasoned researchers, industry professionals,
and students alike, fostering a deeper understanding of the transformative potential
within carbon dioxide. By presenting an in-depth examination of carbon conversion
technologies, their economic feasibility, and environmental implications, this volume
contributes to the ongoing discourse on sustainable environmental practices.

We invite readers to immerse themselves in this exploration, unlocking the com-
plexities of carbon dioxide conversion and its profound impact on reshaping our
approach to greenhouse gas management. As we embark on this intellectual journey,
may the insights gained from this volume pave the way for innovative solutions and
strategies, playing a pivotal role in our collective efforts toward a sustainable and resil-
ient future.

Mohammad Reza Rahimpour
Mohammad Amin Makarem
Maryam Meshksar
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Hydrocarbons (HCs), 14, 258—259, 273
principles and procedures, 276—277
production via artificial photosynthesis, 262f
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5-hydroxyhydantoin, 282—283
Hydroxyl radicals, 278
3-hydroxyprionate (3HP), 78—79, 310t, 315¢
Hypothalamus, 247—248
HZSM-5 zeolite, 12—13

|
ILs. See Ionic liquids (ILs)
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Isochorismate synthase (ICS), 243—246

Isocianic acid, 121

Isomerization, 11, 116—117

Isopropanol, 304—305

Isopropyl alcohol (i-PrOH), 257—258, 360—361

Isothermal fixed-bed, 180

J

Jatropha, 312—-313
Johnson—Matthey technology, 107
JUPITER 1000 project, 180

K

Kaopectate, 247¢

Karlsruher Institute of Technology, 180
Keller Miksis equation, 276

Keratolytic agent, 227—228

Keratosis pilaris, 247—248

Kinetic models, 171, 397t



526

Index

Kolbel—Schulze Index, 39—40
Kolbe—Schmitt reaction, 227—228, 230—232,
232f

L
Lay.75510.25Cro.5sMn(.505; (LSCM), 214
Landetimide, 247—248
Langmuir—Hinshelwood—Hougen—Watson
model, 171
Langmuir-Hinshelwood (LH) mechanism, 429
Lanthanides, 403—404, 420
LanzaTech, 27, 143, 311, 315¢
Layer double hydroxide (LDH), 403—404
LCA. See Life cycle assessment (LCA)
Lead (Pb), 337
Lewis acids, 20, 138, 237, 354, 458, 466
Lewis metal acid, 453
Life cycle assessment (LCA), 36—37, 43, 216,
434—436
Ligand effects, 368—369
Light olefins, 13—14, 21¢, 136, 379
by CO,-F—T route, 13—14
by methanol route, 14
other routes, 14
Lignocellulosic materials, 312—313
Limburg group, 335
Limnephilus sp., 289—290
Linear scanning voltammetry, 336
Liniment, 247t
Lipids, 309—-310
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applications of CO,-based, 470—474, 474t
polycarbonates, 470—471
polyesters, 473—474
polyureas, 472—473
polyurethane, 471—472
Polyols, 364, 456

Poly(hydroxyurethane)s (PHUs), 458
Polyureas (PUAs), 137, 446, 460—464, 472—473
by polycondensation methods, 463—464
using (melt) polycondensation methods, 463
using (melt)transurethanization and
polycondensation methods, 460—462
Polyurethanes (PUs), 140, 446, 455—460,
471—-472
from other CO,-sourced monomers,
459—460
preparative methods of CO,-sourced
polyurethanes, 456—459
from CO,-sourced cyclic carbonates, 457
from CO,-sourced cyclic urea and cyclic
carbonate, 459
from CO,-sourced polyols, 456—457
poly(hydroxyurethane) from CO,-sourced
bis-5-membered cyclic carbonates,
458—459
Porous material, 266
Postcombustion capture, 257
Postcombustion method, 131—132
Potassium carbonate, 353—354
Potassium cyanate, 136
Potassium ferro-oxalate, 334
Potential bias, 431
Power generation, 157
Power law equation, 171
Power-to-gas (PTG), 25
Precipitation/coprecipitation, 415
Precipitation method (PM), 408
Precombustion capture, 257
Precombustion method, 131—132
Preparation methods, 415, 420
Pressure effect, 233—234
Pressure swing adsorption (PSA), 24-25,
432—433
Process intensification, 155
Process modeling, 205
Product selectivity, 260—261
Proof-of-concept, 107—108
Propane, 278
Propanediamine (PDA), 138
Propene, 13, 278
Propionic acid (CH;CH,COOH), 351¢
Propylene, 338
Propylene carbonate (PrC), 447
Propylene glycol, 448



Index

531

Propylene oxide (PO), 24, 453

Propyne, 357—358

Proteins, 309—310

Proton-coupled electron transter (PCET),
429—430

Proton exchange membrane, 260

Protons, 428—429

Proviron (Belgium), 311

Pseudomonas aeruginosa, 244—246

Pseudomonas fluorescens, 244—246
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