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energy
atomic nuclei, 33-40
atoms vs. atomics, 33-42
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biomass, 105-107, 114, 125-126, 137-

141, 150-151
black carbon, 69
BMW, 231, 231-232, 233
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British thermal unit. See Btu
Brown’s Gas, 100
Btu, 70-71, 78-79
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building blocks of matter, 35
bulk storage/transportation, 219-220
buses, fuel cells, 70

carbon, 48-54
sequestered, 122-127, 133

carbon black, 129
carbon cycle of biofuels, 151
carbon dioxide. See CO2
carbon nanotubes, 209-210, 217-218,

218
Carnot efficiency, 237
cars. See vehicles
charcoal-based fertilizer, 126-127, 133
chemical bonds, 45-53
chemical hydride (sodium borohydride),

208, 217
Chernobyl, 157, 169
CNG (compressed natural gas), 234
CO2 (carbon dioxide)

in atmosphere, 56-69, 57, 68, 69
from coal / nuclear waste, 160, 166
from making ethanol, 140-143
global warming and, 56-62, 68-69, 68

CO2 (carbon dioxide)  continued
levels, 57-58
sequestration, 122-127, 131-132

coal, 124-127, 130-132
compared to nuclear, 158-160, 160,

165, 166
gasification, 124-126, 125, 130-132,

143
source of energy, 84
specific gravities (densities), 86

conversion efficiencies, 85, 86, 93, 101,
104-105, 147-149, 148, 169, 174-
177, 182-183, 198-199, 259-260 

conversion factors (metric/English),
278-279

cost comparison of hydrogen, 277
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Europe) Project, 70
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deuterium (heavy hydrogen), 34-36, 35
diatomic hydrogen molecule, 41, 45
Direct Ethanol Fuel Cell (DEFC), 152
Direct Methanol Fuel Cell (DMFC), 152
direct (solar) thermal water splitting,

112-113, 115-116
direct thermal dissociation of natural

gas, 128-130
distribution of hydrogen, 202-222, 276.

See also hydrogen storage 
dual-fuel engines, automakers, 231

earth’s elements, 22-24
ECOSSTM fertilizer, 133
economy, hydrogen, 276
efficiencies. See conversion efficiencies
electricity, inefficiencies, 85, 86
electrolysis, 92-104

Hoffman appartus, 92-96, 98
home experiment, 102-103
sources of electricity for, 100

electrolyzer
efficiencies, 99, 101
for wind, 184-186
industrial, 101-102
obstacles, 101-102
PEM, 101
See also electrolysis
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Flying Electric Generators, 188
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5 types, 240-243, 243
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description, 236-238, 245-248, 247,

250-251
ethanol, 256-257
fuels other than hydrogen, 241-242
industrial, 241-242
methanol, 256
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PEM, 238-241, 247
phosphoric acid, 242
portable, 257-259
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in vehicles, 237-240, 251-256

fuel cell vehicles, 237-240, 251-256
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fusion, 37-42

hydrogen into helium, 37, 41-42

gasification of coal, 124-126, 125, 
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fuel cell components, 247
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global warming, 56-71

and CO2, 62-70, 68
and the gulf stream, 66-67
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H2. See hydrogen
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heavy hydrogen (deuterium), 34-36, 35
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helium, 36-37, 36, 41-42, 161
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259-260, 260
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Horns Rev Offshore Wind Farm, 

186, 187, 189, 189
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252-253
hydrides, 206-207, 216-217
hydrocarbons. See fossil fuels
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bonds, 45-54, 45, 47, 50, 53
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cost comparison, 265
distribution, 277
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economy, 276
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cal, gasification
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214-215, 221
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218-219
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216-217
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vehicles, 70, 215, 216-217, 221, 225-
234, 230-233, 251-252, 252-256

hydrogen-water cycle, 99
Hydrogenics, 257
Hypercar, 255-256
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ideal gas law, 205, 214
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104-105, 122
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isotopes of uranium, 164
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Process, 128-129

lanthanum nickel hydride, 207
Lavoisier, Antoine, 27
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Linde Gas, 216, 219
Lipman, Timothy E., 277
liquid hydrogen, 109, 205-206, 215-216
Lovins, Amory, 255-256
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LPG (liquid petroleum gas), 234

metal hydrides, 206-207, 216-217
methane, 50, 119-123. See also
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methanol, 142, 142, 151-152, 206

fuel cells, 152, 256-259
microorganisms for splitting water, 

105-107, 114
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molecule bonds, 45-54, 51, 53
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218
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steam reforming, 120-123, 123, 

128-130
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99 quadrillion Btu, 80-86
Nissan X-Trail FCV, 254
nitrogen, 48-51, 51, 53, 125-126, 

130-131
nitrogen oxides, 234
nuclear energy, 38, 84, 154-170

adaptation to solar energy, 169
CO2 prevented, 166
compared to coal, 158-160, 160, 165,

166
disasters, 169
facilities, U.S., 166
fast-moving reactors, 162-163, 168
fission, 38-40, 42, 164-165
for producing hydrogen, 168-169
reactors, description, 155-158, 156
safety, 157-158, 163, 169
waste, 160, 161-163, 166-170
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onboard hydrogen storage. See storage
onboard reformers, 256
Ovonic Hydrogen Systems, 216-217

Pebble Bed Modular Reactor, 161-162,
167

PEM electrolyzer, 101
PEM fuel cell, 238-241, 247
periodic table of elements, 24
photoelectrochemical water splitting,

107-110, 115
photosynthesis, 60, 60, 105-107, 114
photovoltaics, 78, 104, 197-198, 259-

260. See also solar 
Pickett Meg 3, 178-181
plasma-arc torch, 129
Plug Power Inc., 241
plutonium, 39-40
potassium hydroxide, 99
potential energy of hydrogen and

methane, 118-120, 128
pressure swing adsorption, 122-123
protons and electrons, 29-32, 32-37
pyrolysis, 126

quads (quadrillion Btu), 77, 80, 85-87,
Quantum Fuel Systems, 214

radioactive waste, 160, 161-163, 
166-170

reforming, 120-123, 123, 128-130, 242
onboard, 256

renewables. See solar; wind; wave
RFG (reformulated gasoline), 234
Rocky Mountain Institute, 255

safety issues (hydrogen), 221-222
Saltern Tower of Power, 191-196
Sandia National Laboratory, 197-200
Schlaich, Jorg, 272-273
sequestered carbon in fertilizer, 133
Shell Hydrogen, 70
silicon, 51-52
Sky Windpower, 188
sodium alanate hydride, 207
sodium borohydride, 208, 217
solar chimney, 272-273, 272
solar energy, 107-110, 112-113, 115-116,

129-130, 169, 191-200, 259-260,
272-273

solar power tower, 193-199, 195
salt storage tanks, 194, 195

Solar Power Tower Two, 197-198
solar power troughs, 199, 199
solar pyramid, 273

solar thermal dissociation of natural
gas, 129-130

steam electrolysis. See electrolysis
steam reforming of natural gas, 

120-123, 123, 128-130
Stirling engine/parabolic dish, 199-200
storing hydrogen.  See hydrogen storage 
stuffing Wasserstoff, 202-222
sulfuric acid, in electrolysis, 99
sunlight. See solar energy
SuperGrid, 220
switchgrass, 149-150, 149
syngas (synthetic gas), 124-127, 125,

131-132, 143, 151

thermal splitting. See direct thermal 
dissociation

thermochemical water splitting, 159,
168-169

thermonuclear bomb, 38-40, 42
Three-Mile Island, 157-161, 169
tritium, 35, 35

U.S. energy consumption, 77-84, 80, 84
U.S. energy sources in 2005, 84
U.S. nuclear facilities, 166
U.S. production of ethanol, 150
U.S. wind capacity, 183
uranium, 38-40, 154-170

vehicles, 3 options for hydrogen, 234
See also fuel cells - vehicles, buses;

hydrogen - vehicles

Wasser Kleaver, 92-97
Wasserstoff, definition, 26-27
water. See also electrolysis 

molecule, 45-47, 45, 47, 54
water gas shift reaction, 122-123
Wavegen, 190
wave energy, 190
wind electrolyzer, 184-186
wind energy

commercial turbines, 176-181, 186-
189, 185, 186, 189, 190

description, 173-177
efficiency, 174-177, 182-183
Flying Electric Generators, 188
installed capacity, 183, 187
role in hydrogen, 184-186

wind power density formula, 183

Yucca Mountain, Nevada, 169-170

zero emissions, 251. See also fuel cells.
zinc, 116
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