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a
Action Plan for the Prevention and

Control of Deforestation and
Burning in the Cerrado
(PPCerrado) 318

Action Plan for the Prevention and
Control of Deforestation in the
Legal Amazon (PPCDAm) 318

agricultural waste 100
agriculture 136, 296, 310, 315, 342, 369
air separation units (ASU) 22
AIST MOE/COURSE 50 80
Aker Carbon Capture 292
anaerobic digestion (AD) systems 46,

90, 99, 100, 135–136
DAC and agricultural waste for 100
sewage treatment and hydrogen

100–101, 123–124, 169
anergy 33
Aqueous Amine-based CO2 capture

286–287
Aspen+V12.1 24, 173–178, 204–210
Athos Project 82

b
back-boiler principle 123
bar iron 1
basic oxygen furnace (BOF) 15, 29,

119

Bessemer’s process 6
BF/BOF off-heat utilisation 85
BF/BOF operating oxygen 198–200
BF/BOF route 29, 32, 41

carbon capture, utilisation and
storage 72–74, 120, 123

CO2 capture mechanisms 70, 72
bioenergy with carbon capture and

storage (BECCS) 287
biogas 49, 87–89, 123, 136, 369

and hydrogen 169
biomass 17, 87, 89, 101, 137,

368–369
biogas and hydrogen 169
and green hydrogen utilisation

136–137
Bio Steel Cycle (BiSC) 38, 69, 72, 259,
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CO2 emissions 346
CO2 mitigation and sustainability

adaptation
Australia’s evolving policy

framework 320–321
Brazil’s evolving policy framework

317–318
Canada’s evolving policy

framework 321–322
China’s evolving policy framework
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Bio Steel Cycle (BiSC) (contd.)
EU’s evolving policy framework

322–323
India’s evolving policy framework

319
Norway’s evolving policy

framework 323
Russia’s evolving policy framework

318–319
UK’s evolving policy framework

310–317
US’ evolving policy framework

309–310, 323–324
CO2 utilization

Agri-food production 296–297
chemical industry 297
concrete production 297–298
glass manufacturing 298, 300

development of 75–78
heat from furnaces

biomass to replace coal and coke
284–286

CO2 capture technology and
filtering systems 286–295

CO2 filter systems 294–295
heat harvesting implementation

282–283
renewable energy implementation

295–296
higher degree of energy

independence 347–348
implementation stages 147–149
key components 119–120
markets analysis 328–329

EU 328–329
international 329
UK 328

MCDA for 137–139
model and strategy 331, 451
PESTEL and SWOT Analysis of green

steel 329–343
7 Steps to Net Zero CO2 Emissions

Steel Production 258

steel production decarbonisation
model and strategy 346–347

sustainability, decarbonisation and
carbon certifications 324–328

SWOT (Strengths/Weaknesses/
Opportunities/Threats) analysis
of the UK 343–345

TGR in BF, BOF and EAF 281–282
Bipartisan Infrastructure Law from

2021 310, 324
blast furnace (BF) 26, 27, 68, 101, 166,

456
blast furnace gas (BFG) 281, 459
bloomeries 1
bottom-up testing 216
Build Back Better Act 310

c
cadmium telluride (CdTe) 360
calcination 21, 24, 28, 173
calciner 21
calcium looping (CaL) 287
CarbFix 293
carbon avoidance technology (CAT)

92–95, 119, 331, 444
carbon capture 86, 131, 312

and conversion 287
and sequestration 90
using nanotechnology 288

carbon capture and storage (CCS) 92,
95, 331

carbon capture and utilization or
storage (CCUS) 41, 72–74,
92–95, 169–172, 262, 296, 331

carbon clean 292
carbon engineering 293
carbon enrichment for plant

stimulation (CEPS) 40, 89–90,
132–133, 168

CarbonFree 293
carbon-neutral heat 74, 94, 337
casting 9–11, 68, 81
cast iron 1, 5, 9
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CASTRIP® TSC/EUROSTRIP 82
chemical energy 30, 36, 456
circular tech economy processes 329
Climate Change Act 2008 376, 377
climate security 443
Climeworks 291
coal, raw materials 17–19
coal coking 19–20
coal mining 16–17
CO2 and off-heat utilisation 99
CO2 avoidance

pre-combustion 51
production process 95

CO2 capture, post-combustion 51–54
CO2 capture mechanisms 70–72, 99,

167–168
CO2 capture technology and filtering

systems
Aqueous Amine-based CO2 capture

286–287
barriers to deployment 289
bioenergy with carbon capture and

storage (BECCS) 287
carbon capture and conversion 287

and conversion 287
using nanotechnology 288

chemical looping 287
cryogenic carbon capture (CCC)

287–288
direct air capture (DAC) technology

286
enhanced rock weathering (ERW)

286
leading carbon capture companies

290–294
membrane gas separation 287
storage considerations 290
transportation challenges 290
uncertain public support 290

coefficientof energy transformation
(CET) 35

coefficient of exergy efficiency (CEE)
35

CO2 mitigation and sustainability
adaptation

Australia’s evolving policy framework
320–321

Brazil’s evolving policy framework
317–318

Canada’s evolving policy framework
321–322

China’s evolving policy framework
319–320

EU’s evolving policy framework
322–323

India’s evolving policy framework
319

Norway’s evolving policy framework
323

Russia’s evolving policy framework
318–319

UK’s evolving policy framework
310–317

US’ evolving policy framework
309–310, 323–324

continuous casting/thin slab casting
81

COREX 81, 338
CO2 saving protocols 44–46,

265–268
CO2 Solutions by SAIPEM 292
CO2 utilisation 99–100, 297
COVID-19 pandemic 93, 330, 338,

386
COVID enquiry 330
crucible steel processes 6
cryogenic air separators 22
cryogenic carbon capture (CCC)

287–288

d
DAC Woodlands 86, 129–132, 168
data modelling 192–197
decarbonisation 38, 50, 143, 258,

444
decarbonise steel production 459
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Decennial Plan for the Expansion of
Energy (PDE) 318

direct air capture (DAC) 49, 86, 268,
286, 312

DAC and agricultural waste 100
direct gasification 22
direct reduced iron (DRI) 30, 79,

338
direct reduced ironmaking (DRI) 25
direct water splitting 95, 167

e
ecoLocked 294
electric arc furnace (EAF) operation

28–29
EAF process improvement 81
efficiency improvements 30–31
energy consumption and production

31–33
smelting reduction 29–30

electric vehicles 311, 314
electrolysis 79, 82, 95
emissions reduction effect 95
energy

consumption 36, 39, 457
and CO2 saving protocols 44–46
and emissions 31–33
productivity 85, 101

enhanced rock weathering (ERW)
286

environmental protection and climate
change policy structure in Brazil
317

EU Emissions Trading System (ETS)
324, 397

European Commission’s Green
Industrial Hydrogen via
Reversible High Temperature
Electrolysis project 82

EU’s Carbon Border Adjustment
Mechanism (CBAM) 324

Everest 82
exergenetic principles 34

exergy analysis 33–38, 44, 265
exothermic reaction 205

f
first law of thermodynamics 33, 35
food production 85, 99, 124–125
forging 9–10
fossil fuels 74, 401
foundry 10

g
GANTT chart project 140
gasification, oxygen 22, 23
Geomimetic process 54, 90, 133–134,

168–169, 204, 208
geothermal energy 91–92, 168, 366
Germany-wide subsidised public

transport 400
global energy

heat loss recovery 265–268
materials and methods 258–265
renewable energy technologies

268–272
global green steel market through 2030

375
Global Thermostat 291
green economy 132, 295, 336
green HDR (hydrogen direct reduction

or iron ore) 24
greenhouse gas removal technology

312
green hydrogen 92, 100–101, 337,

367–368, 375, 458
utilisation 136–137

green recovery challenge fund
312

green steel
Australia 388–391
Brazil 380–381
Canada 392–395
China 386–388
Germany 398–401
India 383–385
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Norway 395–398
Russian Federation 382–383
United Kingdom 376–378
United States of America

378–379
ground-source heat pumps 91–92

h
H2Future 83, 95, 122, 167
heat harvesting implementation

282–284
heat loss recovery 44–46, 265–268
Heirloom carbon capture per year

291
HIsarna 30, 51, 80, 146
Horizon 2020 72, 84, 93, 337
Horizon EuropeEN 84
HYBRIT 83
hydrogen 87–89

and biogas 169
production 92, 94, 313–317

hydrogen direct reduction (HDR) 25,
84, 101, 368, 458

hydrogen-produced electricity 311
hydro power 74, 125, 128–129, 268,

341, 364, 366, 397
hydrothermal carbonization (HTC)

technology 284
hydro-turbines 46, 128, 268,

364–366

i
idealised GANTT chart 446
in-direct gasification 22
industrial decarbonisation

443, 452
industrial filters 90
INOSIM 40, 42, 170, 173–178,

210–211
Institute of Combustion and Power

Plant Technology’ (IFK) 283
iron ore

and coal extraction 16–17

direct reduction 25
sintering process 23–24, 169

j
Jet Zero 311, 315

k
kidney iron 1

l
Labour, Conservative, Liberal

Democrats and the Scottish
Nationalist Party 330, 343

land use, land use change and forestry
(LULUCF) 376, 381, 389–391,
394

land use/forestry 73, 93, 310, 315, 337,
394

LanzaTech 292
leading carbon capture companies

Aker Carbon Capture 292
CarbFix 293
Carbon Clean 292
Carbon Engineering 293
CarbonFree 293
Climeworks 291
CO2 Solutions by SAIPEM 292
ecoLocked 294
Global Thermostat 291
Heirloom Carbon capture per year

291
LanzaTech 292
Meloon 294
NeoCarbon GmbH 293

limestone 15, 20–21
Linz-Donawitz (LD) process 8
long-term low greenhouse gas emission

development strategies
(LT-LEDS) 319

m
mass balance model (MASMOD) 285
Meloon 294
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membrane gas separation 287
Methane Action Plan 386
micro alloyed steels 3–4
miscanthus grass 369
mixed testing 216
multi-criteria decision analysis (MCDA)

for BiSC 137–139
examination and analysis 145–146
excerpt implementation and cost

271
sensitivity analysis 139–145

n
National Policy on Climate Change

(PNMC) 317–318
NeoCarbon GmbH 293
NER-300/400 80
net-zero carbon steel manufacturing

119–120
net zero plan 2022 320
nuclear infrastructure 311

o
off-heat utilization

in anaerobic digestion and sewage
treatment 123–124

in food production 124–125
offshore wind production 310–311
open-loop hydro-power system

configuration 365
oxygen

in combustion processes 22
furnace operation 27–28
in gasification 21–23

p
Pan-Canadian Framework on Clean

Growth and Climate Change
321

partial oxidation (POx) of NG 25
PESTEL and SWOT Analysis green steel

economic factors 339–340
environmental factors 341–342
legal factors 342
political factors 330–339

social factors 340
technological factors 340–341

photosynthesis 130, 285, 296
photovoltaic (PV) solar panels 268,

269, 359–360
physisorption 51, 88
plates and sheet 5
post-combustion carbon capture 40,

70, 123, 453
power electronics 361
Pressure swing adsorbers (PSA) 23
prices of fossil-fuel 24
process simulations

valuation 216–217
verification 215–216

q
Q-BOP 9
quality of steel 449

r
racking systems 360
raw materials

blast furnace 26–27
coal 17–20
electric arc furnace operation

28–29
iron ore and coal extraction

16–17
iron ore direct reduction 25
lime 20–21

oxygen 21–23
furnace operation 27–28

sintering process 23–24
renewable energy technologies

46–50, 74, 85–86, 101, 125–129,
168

hydro power 128–129
retrofitting 268–272
solar energy 128
utilisation 125
wind energy 125–126

renewables-based and market-driven
fossil fuel phase out 400

reusing heat 99, 124–125
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s
seamless tubing 5
second law of thermodynamics 33
second-order kinetics model 51
Sectorial Plan for Mitigation and

Adaptation to Climate Change
for the Consolidation of a Low
Carbon Economy in Agriculture
(ABC Plan) 318

7 Steps to Net Zero CO2 Emissions Steel
Production 258

sewage treatment 91, 136
anaerobic digestion and 123–124,

169
Simul8 41, 173–178, 203
sintering process 23–24
smelting reduction 29–30
solar energy 74, 128, 314, 335,

361, 385, 404. see also wind
energy

solar photovoltaic (PV)
installation 176
panels 128, 359–360

stainless steels 4
standard steel production (SSP)

process 70–72, 120, 167–168,
453

steel industries 10–11
steelmaking process development

2–3, 51, 69–70, 167
flowchart 16
micro alloyed steels 3–4
plates and sheet 5
seamless tubing 5
stainless steels 4
timeline of 2
tubes 4

steel production 10–11
timeline of 5–9

steel slag re-utilisation 91
supplementary cementitious materials

(SCM) 134
sustainability, decarbonisation

and carbon certifications
324–328

sustainable steel production 38–43
SWOT (Strengths/Weaknesses/

Opportunities/Threats) analysis
of the UK

opportunities 345
strengths of the UK 343–344
threats 345
weaknesses 344–345

t
Tata Steel Hermes project 25, 82
technological readiness levels (TRL)

138, 146, 453
The Ten Point Plan for a Green

Industrial Revolution 73, 310,
337

thermodynamic potential 33
thin film PV 360
top-down testing 216
top gas recycling blast furnace (TGRBF)

system 123
transit exergy 35
t-test 197–198

u
UK Governments Green Industrial

Revolution 310
ULCOLYSIS 79
ULCORED 79
ultra-low CO2 steelmaking (ULCOS)

program 79
ultra-low CO2 steelmaking technology

335
United Nations Framework Convention

on Climate Change (UNFCCC)
388

United States Environmental Protection
Agency (EPA) 336

up resources 72, 92, 337

v
validating process flowcharts

in Aspen+V12.1, Simul8 and
INOSIM 173–178

in MS Excel 173



�

� �

�

480 Index

validation, process simulations 215
verification, process simulations

215–216

w
waste recycling 21, 135, 317
wind energy 125–126, 314

wind turbines 362–364
wrought iron production 1, 5, 6

z
zero-emission public transport

311
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