Index

Symbols
1984/1985 UK miners’ strike 122
2008 financial crisis 155, 463

a
Abercrombie, James 199
absolute zero 13, 14, 77
acceleration 18-20, 22, 32, 266, 399
acid rain 39, 93-96, 107, 126, 494
corrosion 93
Ada Kaleh 274,275
aerosols 94,126
Africa 3,5, 59,61, 67,102,128, 175,
178, 195, 198, 246, 279, 314, 340,
374, 379, 397, 436, 460, 491, 503,
508, 511, 523, 524, 555
agriculture 9,11, 38, 39, 41, 67, 274,
305, 323, 324, 328-334, 393, 394,
397, 399, 401, 402, 422, 452, 492
organic 328-329
air 96, 438
density 439
pollution 93,116-117, 123, 134, 229,
256, 259, 261, 341, 414,
415, 422-423
transport 316, 387,471
air conditioning 21, 23, 82, 83, 84, 102,
259, 297, 298, 339, 342-346, 396,
399, 401, 452, 454, 490, 519, 528,
548, 550

emissions 345
in Singapore 343

airplanes 6, 76, 161, 164, 180, 306,
316-317, 356, 357,470, 471, 474,

515, 517, 520
fuel efficiency 317
Al 357,384

Alaska 154,209, 213-217, 234, 277

Albania 271, 311
albedo 44, 399
Alberta 162,217-223, 234

Alberta Oil Sands Technology and

Research Authority 219
alen 11
alternating current 289, 311
frequency 289
aluminum 93, 288, 356
electrolysis 357
secondary 358
thermal conductivity 82
Amaterasu 451
ammonia 326-328, 472
ammonium nitrate 327-328
ammonium sulfate 94
Amoco 145,209, 210, 215
amount of charge 22,287
amount of substance 15
amp 15
Ampere 15,120, 287,292, 538
Ampére, André-Marie 287

Introduction to Energy and Sustainability, First Edition. Ognjen S. Miljani¢ and Joseph A. Pratt.
© 2022 WILEY-VCH GmbH. Published 2022 by WILEY-VCH GmbH.

563



564

anthracite
anticline 156, 157
Arab Oil Embargo 68, 150, 151,

autonomous vehicles
avian/bat mortality 445, 462
Azerbaijan 144, 148, 149

Index

108, 120, 124, 136, 137

452, 533

Aral Lake 66
Archimedes 452
Arctic National Wildlife

Refuge 215,217

area 4,13,48, 61, 67, 82, 84,103, 105,

179, 194, 215, 218, 220, 230, 255,
281, 287, 294, 314, 323, 342, 367,
375, 397, 401, 410, 429, 438, 441,
443, 444, 447, 448, 457, 462, 464,
474, 479, 483, 485, 516, 517, 527,
529, 539, 550, 553

Areva 249

Argentina 170, 294, 420, 503, 549
biodiesel 420

Arrhenius, Svante 387

arsin 11

ash 95,96,99, 126, 127, 131, 132, 136,

137, 247, 306, 391, 415, 422

Aswan dam 274
Athabasca oil sands
Atlantic Empress 166
atom

162, 218

electrons 239
neutrons 239
nucleus 239
protons 239

atomic number 240
atto- 17
Australia 294, 414, 416

coal 128

natural gas 195
nuclear energy 255-259
uranium 246-247

Austria

nuclear energy 255-259
538-540

b
Baghdad 143, 150, 559
Bahrain 149
band gap 458, 459
Bangladesh 400, 523
Barnett Shale 227, 230
barrel of oil equivalent 22
BASF 326, 327
battery 291

cycle durability 292
discharge capacity 292
energy density 292
lead-acid 292

lithium-ion 293
nickel-metal hydride 293
operating voltage 292
power density 292

Battle of Stalingrad 148
bauxite 357

Beaumont 146

Becquerel, Henri 237, 256, 257
Beef

carbon footprint of 331-332
Belarus 252, 253, 512

Bell Labs 452

Benz, Karl 308

Benz Patent Motorwagen 308
Betancourt, Romulo 170,171
Betz limit 438, 448

Big Inch pipeline 148, 185, 186
biodiesel 416, 418-422,427-429,

521, 537
biodiversity 51, 59, 217, 395
bioethanol 67, 68, 416,419-421,
423-427, 429, 537

fermentation 417
biofuels 416

and food 423

emissions 421

energy ratio 419
fertilizers 423
second-generation 427



biomass 8,9, 28, 36, 91, 285, 288, 324,
341, 370, 401, 409-430, 433, 464,
469, 485
biorefinery 427, 527
biosphere 35, 40, 41, 42, 409
bitumen 143,160, 162, 217-221
bituminous coal 108, 115, 124
Black Lung Disease 131
blow-out preventer 199
Blue Lagoon 494
Blyth, James 435
boe 22,234,317,319
boiler 74,76, 77,83,111, 112,126, 127,
131, 132, 341, 415, 482
boiler plants 341
Boise
geothermal heating 488
Bosch, Carl 326
BP 33, 55,62, 145, 146, 163, 164, 199,
204, 209, 214, 294, 441, 442, 446,
449, 461, 464
67,151,420
biodiesel 420
carbon emissions 508
National Alcohol Program 424
wind energy 441
Brent Crude 162
British thermal unit
Brownian motion 79
Brown, Robert 79
Brundtland, Gro Harlem 56
Brundtland report 56
Brush, Charles 435
btu 22,23
btuh 23
bullet trains 311-313
burning 4, 21, 22, 32, 42,91, 103, 110,
113,115,116, 119, 122, 123, 126,
133-136, 147, 184, 185, 188, 191,
194,197, 198, 201, 234, 257, 261,
306, 311, 341, 347, 360, 375, 412,
421,422,469, 474, 521, 538

Brazil

22,23

Index

butane 160, 194, 488

(o

cachacinha 425

cadmium sulfide 452

CAFE standards 533, 534, 535

calcium carbonate 41, 93, 131, 360

calendar 452

California 147, 416

wildfires 397

wind energy 443

Cameroon 67,379, 380, 381

Camp Fire 397,398

cana 11

Canada 151,224,412

natural gas 195

proven oil reserves

uranium 246

candela 15, 347

Cape Town 397

carat 11

carbon 40

capture 135

credit 374

cycle 40-43

flow 40

carbon dioxide (CO,) 9, 36, 40, 91

atmospheric concentration 41

in climate change 392

carbonic acid 39, 41, 42

Carboniferous 107

carbon monoxide (CO) 40, 98, 99, 104,
105,117, 128, 164, 341, 354, 356,
358, 371,421,472

carbon taxation 374

Caribbean Basin Trade
Partnership Act

Carnegie, Andrew 120

Carnot cycle 76, 77,78

Carnot, Sadi 76

cartel 153,163,167,180

Carter, Jimmy 452

220

420

565



566

Index

Cavendish, Henry 470
cellulose 41, 411,417,427
cellulosic ethanol 417, 427, 502
Celsius 13,15, 77, 391
cement 41, 358, 401, 501
pollution 360
production of 358-360
centi- 17
Central Intelligence Agency 149
CFC-11 393
CH, 47,92,183,191, 274, 393, 415, 472
Chad 314, 379-381
Chad, lake 67
charcoal 108-110, 114, 410
Chéavez, Hugo 168,175,177, 225
Chernobyl 7, 238, 251-256, 258, 259,
261, 442
Chevron 145,202, 203, 209
Chile 294, 325, 326, 455, 549
fertilizer 325-329
chimney 110, 123, 126, 131, 341,
412, 550
China 65,294
carbon emissions
coal 128
history of coal use
hydroelectric power
natural gas 195
nuclear energy 259
solar energy 460
wind energy 441
chlorofluorocarbons
city
energy efficiency 554
Clean Air Act 123
clerestory windows
Cleveland
LNG explosion 189, 200
climate 389
during Devonian 107
zones 389

508

108-115
277

345

550

Climate Vulnerable Forum 400
clinker 359, 360

coal 89,107, 501

alleviating poverty 133

and labor 120-122
anthracite 124
ash 126
Benxihu accident

124

130
bituminous
black 124
brown 124
chemical composition 125
combustion 91-92
combustion analysis 126
destructive distillation 110
fixed carbon 126
fluidized bed boiler
flyash 132
formation 107-108
geopolitics 133
heat content 27-29
history 108-115
liquefaction 128
longwall mining 124
low sulfur 131
mining 124
mining accidents 130
mountain top removal
producers 128
room-and-pillar mining 124
sub-bituminous 124
types of 108
Upper Big Branch Mine
accident 130
volatile matter 126
coal-fired power plant
95, 336, 494
coal powerplants
subcritical 127
supercritical 127
ultra-supercritical

127

130

28, 48,717, 82,

127



coal-workers pneumoconiosis
(CWP) 131
cobalt 293,294
coke 110,113,114-117, 124,162,
293, 355
cold fusion 483
Cold War 149, 152,178, 196, 238, 253
Colonel Drake 144
colonization 5,, 109,110, 144, 149, 168,
175, 178, 305, 315, 378, 379, 404,
503, 511, 512
combined heat-power 341, 342
combustion 15,91, 307
analysis 126
coal 91-92
incomplete 99
oil 91
composting 401, 414
compressed natural gas (CNG) 193,
194, 521, 538
concentrated solar power (CSP) 452,
456,457,459, 462, 465
concrete 25,44, 178, 200, 244, 273, 280,
281, 353, 355, 356, 359, 364, 367,
454, 548, 549, 551, 554
condensation 25,111
condenser 76, 77,112, 396, 482
conduction 81, 82, 85
conductor 15, 82, 286, 287-289, 299,
357, 362, 458-461, 465
consumer society 523
Conti, Piero Ginori 486
Contreras, Eleazar Lopez 169
convection 81, 82, 85
copper 95, 124, 288, 291, 292, 299, 353,
356, 358, 363, 364, 525
corn 68, 323, 325, 330, 331, 395, 397,
412,417, 420, 422, 423, 425-426,
428, 429
Corporate Average Fuel Economy 533
Costa Rica

Index

geothermal energy 492-493
cotton 61, 67, 114, 330, 525
Cottrell, Frederick Gardner
Coulomb 287
Coulomb, Charles-Augustin 287
cow dung 4, 340, 410, 413, 430
creative destruction 117
Creole 170-173
Cronkite, Walter 200
Cuba 60, 62, 186, 187
Cugnot, Nicolas Joseph 308
Curie, Marie Sklodowska 237,257
Curie, Pierre 237, 256

132

d
dams 274
changes in sedimentation 274
dissolved oxygen 274
fish movement 274
overtopping 275
population displacement
Danube 265-266, 275
Darby, Abraham 110
Darrieus, George 439
day 13,24,122
dead-weight tonnage
Déby, Idriss 380
deca- 17
deci- 17
Deepwater Horizon 62, 164-165, 199
deforestation 41, 109, 112, 324, 331,
402, 410-411, 420, 422, 548
dehumidification 346
de Larderel, Francois Jacques 485
demographic dividend 505-506
demographic tax 505-506
Denmark 151, 415
nuclear energy 255
wind energy 437, 441
Department of Energy 133, 151,
209, 516

274

315

567



568

Index

de Rivaz, Francois Isaac 474
deuterium 29, 239, 244, 478-479
energy density 27
development 57
quantifying 57-62
sustainable 56, 65-68
unsustainable 65-68
Devonian 107
diesel
cetane number
renewable 419
Diesel, Rudolf 306
diethyl carbonate 293
diffusion 81
direct current 289, 311, 476
dirty fuel 107,133, 164
distillation 110, 143-144, 159, 218, 327,
418, 517-518
vacuum 162
district heating 402, 455,
487-488, 495
dogtrot houses 549
domestication of animals 4
domestication of crops 323
downcycling 525
Drake, Edwin 144
DR Congo 265, 271, 294
driverless vehicles 538-540

161

e

Eagle Ford 229, 231

Earth coupling 552

Earth formation 3

Easter Island 410

Edison, Thomas 6, 226, 346, 537
efficiency 73

energy efficiency 554

fuel efficiency 317

Egypt 4,11, 150-151, 274
Eisenhower, Dwight 238
electrical current 15, 287, 289, 475

electric cars 295
incentives 296
range anxiety 295
electricity 46
baseload providers
definition 286
power 288
power loss 288
electricity generation 8-9, 78, 128-129,
133-134, 192, 194, 203, 208, 256,
259, 278, 369-370, 401, 442, 447,
485, 493
layered cake 297
electricity storage 447
by water electrolysis
electricity supply
blackout 298
Fukushima 298
smart meters 298
two-way metering 298
electrification 6-7, 119, 133, 285, 306,
311, 329, 349, 360, 436

electrolysis 357-358, 362, 470, 473, 475,
478-479, 481, 538

electromagnetic
induction 288-290, 439

electromagnetic spectrum 37, 459

electromagnetism 289

electrons 37,101, 239-240, 286-287,

292-293, 358, 458-459, 476, 478

electron-volt (eV) 22, 458-459

embodied energy 362-364, 461, 548
of pesticides 330

EMBRAPA 425

Energiewende 201, 258

energy
chemical 36
definition 11
electric 37
electromagnetic 36
embodied 362, 548

126, 248, 260, 297

473



end-use 45

geothermal 3

kinetic 19, 35

nuclear 7,36

potential 20

primary 45

reservoirs 35

thermal 35, 36, 78

transition 44

energy conservation 8, 151,
515-529, 545-558

energy flows 29, 43-44, 237,
409, 485-486

energy services 45

electricity 45

heating 45

transportation 45

Energy Star 516, 517

Energy Tax Act 426

energy transitions 3, 369

California approach 376

Texas approach 376

energy waste 328, 515, 518-519

engine knocking 160

England 109-116, 119, 123, 143, 150,
265,411

enhanced oil recovery 133, 154, 191,
208-211, 214, 227, 232

enteric fermentation 416

entropy 78-80, 342

environmental justice 64, 102-103

Environmental Protection Agency
(EPA) 102,117, 122-123, 444,
517,526

Erren, Rudolf 470

Estonia 296, 412, 415, 520

ethane 160, 191

ethanol

denaturation 418

distillation 418

in Brazil 424

Index

inthe US 425

eutrophication 328

evaporation 25-28, 38, 45, 126, 253,
274,394, 399, 451, 485, 517, 551

exa- 17

explosion 3, 7,44, 78, 113, 130, 166,
199-200, 242, 253-255, 323,
328,474

exponential increase 51-52

externality(ies) 65, 90, 148, 234,
373-374, 382

Exxon 145,154, 168-178, 186-187, 190,
202, 214-215, 379-381

ExxonMobil 145,156,176, 209,
231, 379-381

Exxon Valdez oil spill 214

f

Fahrenheit 14-15

Fair Trade 63

Faraday, Michael 289

fatty acid methyl esters (FAMEs) 418

fault trap 157

Federal Energy Regulatory
Commission 188

Federal Power Commission 188, 227

feedback loop 53, 345, 397-399, 401

femto- 17

Fermi, Enrico 238

fertilizers 51, 96, 247, 324-330, 334,
360, 401, 413, 422, 423,427, 471

fiberglass 439

thermal conductivity 82

Finland 412

fireplace 412

First Arab Oil Embargo 150

first energy crisis 109

first law of
thermodynamics 75-76, 80

Fischer-Tropsch process 128

flat plate collector 455-456

569



570

Index

Fleming, Alexander 51
flex-fuel vehicles 425
flyash 95,99, 126
food waste 324, 333-334, 401, 415
11,13
Foote, Eunice Newton 387
force 15,17-20, 82,113-114, 120, 176,
179, 239, 268, 373-374, 383, 413,
439, 528, 535, 554
Ford, Henry 6
Ford Model T 6, 308
Fort McMurray 217-218, 220, 225
fossil fuels 5, 28, 42, 44, 89
energy density 92
fracking 155, 190, 195-196, 201, 203,
208-209, 211, 225-232, 538
France 151,415
2003 heat wave 102
biodiesel 420
bullet trains 312
heat wave 396
nuclear energy 256
wind energy 441
Franklin, Benjamin 412
Fredonia 183
freezing 13,25, 317, 488
Freons 345, 389, 393
frequency 17, 37, 289, 395-396, 400
fuel cell 286, 474
efficiency 475
train 476
Fukushima 7, 238, 251, 254-255,
257-259, 298, 501, 528
furlong 11
fusion 25-29, 241, 469, 477-481

foot

g
Gaddafi, Muammar 378

gamma rays 37,478
gasoline 6

octane number 160

tax 535, 536, 542
Geisel, Ernesto 424
genetically modified crops
for biofuels 423
genetic diversity 323
geoengineering 94
geophysics 158
geothermal energy 485
hydrogen sulfide emissions
land usage 494
geothermal flow 43
geothermal power plants
494, 495
binary cycle 488
dry steam 487
flash steam 488
Germany
biodiesel
coal 128
nuclear energy 258
recycling 526
solar energy 460
solar subsidies 462
wind energy 441
gha 61, 62,69,70
giga- 17
glaciers 38,398
global hectares 61, 68, 69
globalization 5, 12,15, 310
global warming 8, 44, 45, 91, 94, 198,
201, 224, 233, 345, 371, 374, 375,
382, 387, 388, 392, 393, 394,
397-399, 403, 474, 494
global warming potential (GWP) 198,
345, 393, 394
glucose 41,42,411,417, 428
Goémez, Juan Vicente 168
Goodenough, John 293
Grandpa’s Knob 437
gravity measurements 158
Great Smog of London 123

494

487, 488,

420



greenhouse 8, 40, 91, 92, 96, 99, 184,
190, 201, 224, 229, 249, 274, 328,
331, 334, 345, 371, 373-376, 381,
384, 387, 388, 392-394, 399, 401,
401, 414, 415, 427, 452, 481, 486,
492,494, 510, 551

greenhouse effect 96, 184, 249, 387,
388, 392, 452

greenhouse gas 8, 40, 91, 92, 99, 190, 201,
224,229, 274, 328, 331, 334, 345,
371, 374-376, 381, 384, 388,
392-394, 399, 401, 415, 481, 494, 510

atmospheric lifetime 392

Green Party 258

Green Revolution 323, 328

Groningen gas field 117, 186

gross domestic product (GDP) 59, 60,
320, 343, 402, 511, 522, 528

Grove, William 470, 475

h

Haber-Bosch process

Haber, Fritz 326

Hahn, Otto 237

Hall-Héroult process

Hart, William 183

heat 20

engine 76, 77, 396, 456, 482

flow 80, 81

inertia 457

loss 47, 81-84, 288, 299, 546, 549

pump 486,487,490, 495, 552

transfer 24, 47, 80-82, 84, 85, 127,
455, 456, 486, 495

wave 102, 344, 396, 397, 403

heavy metals 95,113, 125

hecto- 17

helium 29, 36, 191, 240, 471, 477-479

hematite 354, 356

hemoglobin 98

Heraclitus 35

326-328

357

Index

Hertz 37
HFC-134a 393
Hindenburg disaster 470-472
Hiroshima 7,238
H,O 36, 38, 41,91, 93, 126, 394, 411,
472,475, 483
horizontal drilling 190, 225-228
horsepower 22,281
hour 13,21, 28,292
houses
demolition 553
Houston 98, 99, 133,176, 199, 216, 221,
222,225,226, 214, 319, 345, 380,
448, 454, 534, 540-542
human development index
(HDI) 60-62, 68, 69
hunter-gatherer 4, 143, 323
hurricane 154, 212, 216, 399, 433
hybrid cars 537
hydraulic fracturing 155, 190, 195,
201, 225-228
hydrocarbon 36, 42,91, 99, 101, 115, 131,
156, 158-161, 183, 192, 207, 217,
221, 317, 345, 371, 419, 469, 488, 495
hydrocarbons (HFCs) 42,91, 99, 101,
115, 131, 156, 158-161, 183, 191,
192, 317, 345, 371, 469, 470, 475
hydroelectric power 265
capital costs 279
efficiency 266
flow 266
head 266
hydrofluorocarbons 345
hydrogen 36, 91, 125, 469
captive 471
colors of 471
energy content
heat content 27
merchant 471
nuclear fusion 477
production 471-473

474

571



572

Index

hydrogen bomb 479
hydrogen economy 470

I

Iceland 314, 358

aluminum 492

deforestation 410

geothermal energy 492-493

immigration 506, 507

India 4, 66

carbon emissions

coal 128

wind energy 441

indigenous people 402

Indonesia

biodiesel 420

carbon emissions 508

geothermal energy 491

Industrial Revolution 3

and urbanization 305

infiltration 39

infrared light 37, 45, 82

insolation 454, 457, 463, 490

insulator 82, 84, 288, 458

intermittency

of wind 438

internal combustion engine(s) 74, 98,
143, 160, 295, 306-310, 329, 370,
469, 474, 537, 538

compression ratio 307

four stroke 306

internalized costs 65

International Energy Agency 151

International Maritime Organization
(IMO) 316

International Organization of Motor
Vehicle Manufacturers 308

International System of Units 11-17

International Thermonuclear Experimental
Reactor (ITER) 480, 481

ionizing radiation 250

Towa

508

wind energy 442
Iran 67,149,174, 187
carbon emissions 508
natural gas 195
1979 Revolution
nuclear program
Iran-Irag war 151
Iraq 151, 152,154,163,166, 174,177,
198, 204
Iron 122,275, 353-356
Iron Age 353
isotopes 28, 36, 239, 240, 242, 244, 262,
263,479
150-152, 238, 456, 460, 461, 536, 541

151
238

Israel
Italy
acid rains 93

geothermal energy 485-496
nuclear energy 255-259
recycling 526

J
Jaguar 310
Japan 151,414
bullet trains 312
energy conservation 528
Law of Rational Use of Energy 528
nuclear energy 258
Jenner, Edward 51
jetengine 316, 317, 529, 530
jetfuel 160,162, 317, 318, 320, 419
Jevons paradox 201, 516
Jevons, William Stanley 516
Joliot-Curie, Iréne 237, 256, 257
Joule 19-21
Joule, James
Juul, Johannes

15,19
437

k

Kansas

wind energy 443
Kazakhstan 66, 163, 218, 246
uranium 246-247



Kelvin 13-15, 77, 82, 478, 486
Kenya
geothermal energy 491
Keystone XL pipeline 221-223
Kigali Amendment 345, 393
kilo- 17,329
kilogram 13, 28, 30, 241, 246, 250, 329,
330, 359, 360
kilowatt-hour 21
Kiribati 397, 400
Kuwait 150, 154, 165, 174,177
invasion 165
Kyoto Treaty 224, 382, 384
Kyrgyzstan 67

l

labor-saving appliances

labor strike 120
Homestead 120

Labour Party 122

la Cour, Pour 435

La Hague 248

landfill gas (LFG) 415, 416

land-use change 41

Larderello 485, 486

latent heat 25, 26, 44, 429, 487

laws of thermodynamics 15, 29, 73, 75

LEED certification 553

length 11-13,17-19, 37, 225, 287, 311,

314, 360, 438, 540, 543
Libya 150,177,314, 378
life expectancy at birth 60

349, 350

lightbulbs
compact fluorescent 348, 516
LED 349

lighting
manufactured gas 115-120

light intensity 15

light trucks 154, 425, 534, 535
lignes 11

lignin 41, 108, 411, 427
lignite 108, 124, 128, 136, 137

Index

lipids 418
liquefied natural gas (LNG) 176, 187,
189, 193, 315, 381
lithium cobalt oxide 293
lithium ion battery 286, 293, 294,
299, 300
Little Big Inch pipeline 149, 185
locomotive
diesel 311
diesel-electric 311
electric 311
steam 310
London 8,109,110, 123, 194, 199, 200,
380, 520, 554
Los Angeles 8, 100, 101, 318, 319, 555
Louisiana 146, 147, 194, 196, 523, 529
Ludlow Massacre 121

m

Machchhu Dam 275
magnetic measurements
Malaysia

natural gas 195
Maldives 397, 400
Manbhattan Project
manufactured gas
pollution 116
soil contamination 117
Marshall Plan 152, 186

mass 13

molar mass 16

number 240, 242

Mauna Loa observatory 41
Maxwell, James Clark 289
Mediterranean 5, 150, 305, 397
Mediterranean Sea 305
mega- 17

Meitner, Lise 237

mercaptan 192,197

mercury 95,191

in CFLs 348

in natural gas 94

158

238, 249, 370
90, 115

573



574

Index

mercury (Contd.)
Mad Hatter’s disease 98
Minamata disease 98
Mesopotamia 11, 265
Mesozoic 141
Messmer, Pierre 256
metals 77, 82,90, 93-96, 110, 113,
124-126, 131, 162, 192, 218, 246, 288,
291, 294, 347, 353, 356, 358, 360, 415,
446, 458, 525
meter 13
net metering 453, 460
smart meters 298
two-way metering 298
methane 40, 183,191, 415
from farms 324
from hydroelectric plants
fugitive emissions 201
GWP 393
methanogen 416
methanol 418, 472, 476
metric system 12,13, 17, 20, 30
metric ton 13, 22
metro 520
Mexico 166,170, 221
carbon emissions 508
geothermal energy 491
oil industry nationalization 149
Mexico City 100, 397, 520
micro- 17
microwaves 37
mile 13,18, 521
milli- 17
Miner’s Friend 110
minute 5,13,82,94,111, 120, 192, 203,
297, 298, 312-314, 347, 447, 448, 454,
480, 556
Mitchell Energy 227
Mitchell, George 226
Mobil 145,209
molar mass 16
mole 15,42,91, 92,104, 428, 474

274

molecule 15,16, 20, 31, 42, 79, 98, 104,
160, 161, 325, 359, 411

Montreal Protocol 345, 389

Morgan, J. P. 120

Morocco 400, 457, 460, 470, 502

solar energy 460

Mosaddeq, Mohammad 149

mph 18,295, 312, 313, 317, 439, 448

multistream recycling 526

municipal waste 360, 421, 414-416, 493

n

Nagasaki 7, 238
Namibia
uranium 246
nano- 17

nanotechnology 17

naphtha 160

National Gas Act 188

National Oceanic and Atmospheric
Administration (NOAA) 390, 400

National Renewable Energy Laboratory
(NREL) 444, 460

natural gas 90, 117, 183

combustion 92

composition 191-195

compressed 193

deregulation in the US 188

eternal fires 183

flaring 184,197

formation 183

heat content 27

hydraulic fracturing 195

intermittency 203

liquefied 193

markets 195

pipelines 185

stranded 184

trade movements 196

natural gas liquids 191

Navajo Nation Uranium Mines

Nazi Germany 128, 148

249



Neste 419
Netherlands 15,117, 186, 187, 194, 330,
400, 433, 435, 460
net metering 453, 460
net-zero house 553
Newcomen, Thomas 111,112
New Deal 122,188,436
New London 199, 200
Newton 15,19, 387
New Zealand
geothermal energy 491
nickel 218,293,472,476
Niger
uranium 246
Nile 265, 266, 274
Nimbus satellites
Nimbus spacecraft
NIMBY 445, 446
nitrogen (N,) 39, 91, 93, 94, 96, 99, 100,
101, 115, 117,125-127, 164, 191,
197, 325-328, 330, 347, 348, 371,
388, 392, 393, 416, 481
nitrogen dioxide (NO,) 96, 100, 101
nitrogen monoxide (NO) 78, 100, 101
nitrogen oxides (NOx) 96,99, 101, 117,
126,127,164,197, 371, 393, 421, 422,
474, 481
nitrous oxide (N,O) 96, 113, 328, 393
GWP 393
Nixon, Richard 151
Nordex 437
North Korea 238
North Sea 117,119, 162, 186, 187, 194,
195, 212, 215
Norway 51, 56, 74, 163, 196, 270, 271,
276-277, 296, 314, 358, 378, 382,
415, 492, 502, 536, 538
electric cars 536
hydroelectric power 276
nuclear energy 36, 237, 255-259
emissions 249
nuclear fission 28, 241

452
466

Index

chain reaction 242

mass loss 242

moderator 243

multiplication factor 242
nuclear fuel reprocessing 248
nuclear fuels 3, 35, 44, 243, 249
nuclear fusion 29,241, 477

deuterium-tritium fusion 479

proton-proton chain reaction 478
nuclear reactor 242

boiling water reactor

breeder reactor 243

containment shell 244

pressure vessel 244

pressurized heavy water reactor

pressurized water 244
nuclear waste 241, 248, 250, 255, 260

245

245

0
Obama, Barack 453, 470, 535
ocean
as carbon reservoir 41
tides 44
ocean acidification 39, 43
octane 47,48, 91,92, 105, 160, 161, 186,
319,417
Office of Safety and Health
Administration (OSHA) 122
offshore oil 211-212, 440
Ohm, Georg 287
Ohm’s law 287
OICA 308
oil 89,141
Arctic 213
combustion 91
formation 141-143
fractions 159
heat content 27
light and heavy
pollution 164
sweet and sour
US import caps

162

162
149

575



576

Index

Oil Depletion Allowance

oil industry

downstream 156

midstream 156

upstream 156

oil refining 159

asphalt 162

diesel 161

fuel 0il 161

gasoline 160

jet fuel 160

liquified petroleum gases 160

lubricating oils 161

petroleum coke 162

processing gain 160

oil reserves

types of 164

oil sands 217

Athabasca oil sands 162, 218

vs. environmental costs of tar
sands 217-225

Okjokkul glacier 398

Oklahoma 146, 147, 196, 227, 229,
230,443

wind energy 443

on-demand public bus service 539

one-child policy 506

Operation Ajax 149

order of magnitude 16, 294, 340

148, 154

molecular 100
ozone 99-101, 345, 371, 389
ozone layer 345, 389

p
Pacific Ring of Fire 491

paleoclimatology 390

palm oil 68, 419, 420, 422
Papua New Guinea 314, 381
Parish Power Plant 133,211
Parthenon 94

particulate matter 95,117, 249
particulate pollution 99

bag filtration 132

cyclone filters 132
electrostatic precipitation 132
parts per million 41, 98, 392
passive house 552, 553
Patagonia 64
PDVSA general strike
peak oil 178,373
peak-shaving 189, 200, 457
peat 108, 109, 492
penicillin 51
Pérez , Carlos Andrés
Perlan 492, 493
Permian Basin 209, 210, 231, 232
perovskites 459
peroxyacetylnitrate (PAN) 101

176, 225

172,174

perpetuum mobile 76, 83, 84, 292
pesticides 324, 328, 330-331, 334
peta- 17
Petra Nova 133,211
petroleum 141
industry 147, 154, 164, 174, 190, 197
petroleum coke 162,293
phase change 25-27
Philippines
geothermal energy 491
Phoenicia 4,433
phosphorus 325, 459
photolysis 473

Organization of Petroleum Exporting
Countries (OPEC) 150-154, 163,
167-168, 171-172, 174,177, 207,
210, 223, 225, 231, 378

Orimulsion 225

Orinoco River Basin 174, 224, 225

Orkney Islands 473

Ostwald process 327

Otto engine 306, 307

Otto, Rudolf 306

oxygen 91,125

atomic 100
dissolved oxygen 274



photosynthesis 15, 35, 40-42, 45, 324,
409, 411, 433, 451
photovoltaics 454, 458
gallium arsenide 461
Shockley-Queisser limit 459
pico- 17
picohydro projects 279
pizza 110
Planté, Gaston 292, 325, 395, 414, 429
plasma 478-480, 482
plastics 45, 64,99, 160, 353, 360-362,
401, 414, 419, 427, 525-527
platinum 476, 553, 554
plug-in hybrids 296, 537
plutonium 36, 248
critical mass 243
formation 243
pollutant
local 99
primary 93,103
secondary 93,103
pollution 92
air 93, 116-117, 123, 134, 229, 256,
259, 261, 341, 414, 415, 422-423
cement 360
oil 164
polycyclic aromatic hydrocarbons
(PAHs) 99,131, 371
polyethylene terephthalate (PET) 526
polymer 360
polyurethane
thermal conductivity 82
Pompeii 488
Poopd lake 67
population 54
growth 5, 51-54, 114, 318, 333,
402, 504-507
growth rate 52, 54, 333, 512
Port Arthur 165, 221, 222, 231, 399
Portugal 5,441, 465, 512
potassium 240, 325, 358, 486, 495
pound 13,402

Index

power 20
concentrated solar 452, 456, 457, 459,
462, 465
hydroelectric 265-266, 277
powertrain  536-538
ppm 41, 98,103, 104, 392
primacy of price 110, 372, 375, 382
Pripyat 253
Project Drawdown 401
Prudhoe Bay 209, 213-215, 217
public transportation 519
subsidies 520
Tallinn 520
pumped storage 268, 269, 279, 280, 291,
294,297, 298
purchasing-power parity (PPP) 59, 60

q

Qatar 69, 187, 189, 190, 195, 196, 204,
231, 384

natural gas 195

Quad 22

quantum 36, 37, 184, 237

r
radiation 36, 37, 44, 81, 82, 84, 100, 237,
240, 244, 249-251, 253, 254, 392,
394, 455, 459, 473, 479
radiation exposure 249
gray 250
rad 250
rem 250
sievert 250
Radiation Exposure
Compensation Act 249
radicals 101
radioactivity 239-240
a-decay 240
B-decay 240
y-decay 240
half-life 240
radiolysis 473

577



578

Index

radio waves 37

radon 249

railways

transshipment

ranch house 546

Rankine 14

Rapa Nui

deforestation 410

rare earth magnets

pollution 446

Reagan, Ronald 453

recycling 401, 525

multistream recycling 526

single stream recycling 526

reduce-reuse-recycle 522

reflection 44, 45,158, 519

refrigerator 30, 80, 83, 84, 342, 343, 444,
486, 516, 556

regenerative braking 537

renewable 5

fuel sources 8

sources of energy 5, 8, 44, 367, 374,
377, 383, 509

replacement rate

reservoir lakes

salinity 274

resistance 122, 160, 174, 287, 288, 299,
331, 347, 423

specific resistivity 287

resource curse 179, 378-381

Rhine 125, 265

Rickover, Hyman 238

ridesharing 402, 516, 538-540

Rockefeller, John D. 145

Rockefeller, John Jr. 122

Roman Empire 108, 265, 267, 390, 485

Romania 144, 148, 245, 275

Roosevelt, Theodore 120, 200

Roscoe Wind Farm 443

Rural Electrification Administration
(REA) 436

311

439, 447

505, 506

Russia 253

coal 128

natural gas 195
nuclear energy 259
uranium 246-247

S

sailing ships 4, 5, 315, 433

Sakharov, Andrei 479

sales tax 523, 536

saltdome 146,157,158

Salton Sea 67

Saltpeterversprechen 327

Saudi Arabia 149, 150, 152, 153, 162,
163, 166, 174, 177, 180, 204, 207,
223,231, 384, 511

Savery, Thomas 110, 111, 226, 346, 537

Schonbein, Christian Friedrich 470

Schumpeter, Joseph 117

Schwarzenegger, Arnold 453

second 13,18, 21, 23

second law of thermodynamics 47,
76-78, 80, 246, 266, 269, 437, 457,
459, 460, 469, 474, 477, 486

seismic refraction 158

semiconductors 288, 458, 459

Shanghai 101

Shell 186, 187, 190, 202, 209, 210,
215, 216

Sherman Antitrust Act

Shinkansen 312-314

shipping 6, 66, 109, 113, 114, 131, 143,
179, 203, 233, 306, 315-316, 323,
370, 383, 402, 471, 523

Shoe of Speyer 12

sidewalks

geothermal heating 488
silicon 362, 458, 459, 461, 465, 492
embodied energy 461
Silk Road 305
silvopasture 401

145



single stream recycling 526
SI system 12,13, 287

Six Day War 150

slag 126, 354

slickwater fracking 227
slum 102

smallpox vaccine 51
small-scale hydro 279
Zengamina power plant 279
smog 8§, 96, 99-101, 107, 123, 194, 451
Los Angeles 100
photochemical 99
sodium nitrate 325

soil

as carbon reservoir 42
solar energy

peak shaving 457

solar flow 43, 48, 409, 457
solar heating

active 455

passive 454

Solar Impulse 453

Solar One

house 452

solar thermal energy 454
Somalia 4

soot 99,110,131, 190
South Africa 102, 128
carbon emissions 508
solar energy 460
uranium 246-247
sovereign wealth funds (SWF) 378, 379
Soviet Union

natural gas 187

oil industry nationalization 149
soybeans

biodiesel from 420
space heating 340, 492
Spain 457

bullet trains 313

solar energy 460

Index

solar subsidies 463
wind energy 441
specific heat capacity 23, 25, 26, 340,
351,454,495
in building design 25
specific heat of vaporization 25, 27, 495
speed 17-18, 37,158, 187, 242
Spindletop 146, 147, 156, 199, 227
sport utility vehicle (SUV) 154, 155,
534, 535
stakeholders 62
Standard Oil 122, 144-147
dissolution 145
starch 41,417, 426,427, 428
Steam Assisted Gravity Drainage 221
steam engine 3,5, 15, 22, 76, 110-112,
138, 143, 295, 306, 308, 310,
311, 315
steam reforming 128, 327, 472-473,
478, 481
steel 110, 353, 501
blast furnace 354
thermal conductivity 82
Stefan-Boltzmann law 82
Stephenson, George 310
Strategic Petroleum Reserve 151
Stribog 433,434
strong nuclear force 239
sublimation 25
suburbs 535, 548, 554, 555, 556
subway 520, 521
Suez crisis 150
sugar beet 417,423
sugarcane 67, 68,412,417,
421-428, 430
39,93, 94, 96, 107, 113, 115, 117,
125-127, 131, 132, 136, 162, 164,
191, 199, 218, 232, 292, 356, 371,
393, 415, 418, 421, 494
sulfur dioxide (SO,) 93,94, 96, 126,
127,131, 164, 494

sulfur

579



580

Index

sulfur hexafluoride (SFs) 394, 393
sulfuric acid 93, 94, 136, 292
sulfur scrubbing 132
sulfur trioxide 93
Sun gods 451
sunspace 551
sustainability 8, 54
defining and quantifying 51-68
transition 369-384
sustainable development 55-59, 62,
65-68, 133, 334, 384, 402, 410, 509
Sweden 111, 296, 412, 414, 415, 441,
442, 455, 491, 510, 528-529, 552
energy conservation 528
Switzerland
recycling 525-526
syngas 128,472
synthetic gas 115,116
Syria 150, 151, 265, 400

t

Taipei 101 553, 554

Taiwan 128, 196, 503, 553
Tajikistan 67

Tamm, Igor 479

tar sands 142, 207, 208, 217-225, 234
Tata Motors 310

taxi 255, 523, 535, 538, 539, 541
telecommuting 402, 522, 529, 530
temperature 13

and climate 390

proxies 390

tera- 17

Tesla, Nikola 6

Texas 146,185

Renewable Energy Portfolio 443
wind energy 442

Texas Central 314

TGV 313

Thatcher, Margaret 122

The Geysers 486, 487, 493

thermal conductivity 82
thermal gradient 81
thermal mass 454, 546, 549-552
thermodynamics 15, 29, 47, 73-85, 246,
266, 269, 437, 457, 459, 460, 469,
474,477, 486
thermolysis 473
thorium 3, 36, 240, 245, 260, 487, 495
reactors 260
Three Gorges Dam 272-274, 277,
491, 496
population displacement 274
Three Mile Island (TMI) 251-253,
255,259
tight oil 190, 225
time 13,15,17-18, 20-22, 82, 266, 287,
347, 524
Titusville 144
Tlahuelilpan 166
toe 22
tokamak 479, 480
ton 13, 22,45, 136, 253, 261, 262,
311, 328
tonne 13, 22,262,312, 355, 358, 360
tonne of oil equivalent 22
topsoil 124, 332
Toyota Prius 293, 537
train(s) 28, 222, 261, 310-315, 318-320,
323, 435, 476, 540
friction 311
steel 311
Trans-Alaskan Pipeline System 213
transformer 289, 290
Trevithick, Richard 310
Trinidad and Tobago 61, 166
triple bottom line 64
Trombe wall 551
Trouvé, Gustave 295
Truman, Harry 152
Trump, Donald 535
tungsten 15, 347



turbine 266, 268
Gedser turbine 437
wind turbine 435-447
Turkey 130, 275, 414, 491, 509
geothermal energy 491
Turkmenistan 66, 67, 184, 195, 204
Tyndall, John 387

u

UK

wind energy 441

Ukraine 202,247, 252,253, 512
ultraviolet light 37, 82, 348, 459
United States

biodiesel 420

carbon emissions 508
coal 128

geothermal energy 491-493
history of coal use 113
hydroelectric power 277
natural gas 195

nuclear energy 259

solar energy 460

wind energy 441
wood as a fuel 112-113
University of Houston 344-345
uranium 3, 28, 36, 239
abundance 246

critical mass 242

energy density 27
enrichment 242-243
fission of 241-243

from nuclear weapons 247
fuel rods 243

in coal ash 95, 247

in phosphate fertilizers 247
isotope half-lives 240
producers 246-247
reserves 246

U-235 239

U-238 239

Index

uranium hexafluoride 243
Urmia lake 67
Uzbekistan 66-67

|4
Vaiont Dam failure 275, 276
Valdez 213-215
Vegetables
carbon footprint of 331-332
Venezuela 152,166, 221
Accién Democritica 169
heavy oil 224-225
Verne, Jules 470
versta 11,141
very large crude carriers 315
Vestas 437, 441, 447, 448
Vojens storage pit 454, 466
volatile organic compounds(
VOCs) 99-101, 164, 218, 421, 422
Volkswagen 22,310, 510
Volta, Alessandro 287, 291
voltage 15, 22, 132, 286-290, 292, 293,
299, 394
volume 13,17, 27, 164, 266, 292,
294, 473

w
Wagner Act 122
War of the Pacific 326
water 36, 38
as fusion fuel 27
as a greenhouse gas 394
heat of vaporization 25-26
hydrogen production from 471-473
specific heat capacity 23-24
water cycle 38-39
waterwheel 266
breastshot wheel 268, 269
overshot wheel 267
penstock 267
pitchback wheel 268

581



582

Index

undershot wheel 267
Watt 20-22, 292
Watt, James 3,15, 20, 22,112, 310
wavelength 37, 82, 347, 459
weather 101, 113,123, 133, 217, 257,
297, 312, 339, 340, 350, 378, 387,
389, 390, 395, 399, 400, 423, 459,
487,493, 546
Wenzhou train collision 313
Westinghouse, George 6
whale blubber oil 143
Whittingham, Stanley 293
Wincharger Corporation 436
wind energy
land use 444
subsidies in Denmark 441
wind gods 433
windmills 5, 433-435
wind turbine
cut-off speeds 439
design 439
Gedser Turbine 437
nacelle 439
noise 444
Vestas V-164 441
WIME D-30 436
wood 108, 412
as fuel 112-113
heat content 27
work 11,19, 75-80, 114, 176

World Bank 379-381, 512
World WarI 326

and oil 148
World War II 185

and electricity generation in

Norway 277

and oil 148
Wright, Frank Lloyd 547
Wright, Orville 316
Wright, Wilbur 316

Wyhl 258
X
X-rays 37
y

yard 13,415, 445, 530, 546, 555

year 13,40-42, 243, 258, 398, 416, 445
yeast 417

yellowcake 243

yellow vests 535

Yemen 400

Yew, Lee Kuan 343

Yom Kippur War 151

Yoshino, Akira 293

z

zepto- 17

zinc 246, 291, 292, 336, 415
Zoelly, Heinrich 486





















