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42-5, 57
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diesel and diesel-electric locomotives
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production function estimation
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144-5
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257, 263, 266
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263, 266, 271, 292
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252-3
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economic value 45, 46, 47, 48, 49-50
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and lock-in 19, 20
and neoclassical theory of growth
9,10
and positive feedback 9, 11, 163,
233
and REXSF model of the US
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255, 302, 305, 307
efficiency see carbon efficiency;
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efficiency; exergy-to-work
efficiency improvements since
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efficiency; inefficiency; payload
efficiency; petroleum efficiency;
second-law efficiency; technical
efficiency; technological efficiency;
thermodynamic efficiency
efficient technologies 250
see also combined heat and power;
insulation
elasticities of exergy services 154
elasticities of output
and neoclassical paradigm 311-12
and production functions 178, 181
Cobb-Douglas production
function 184-7, 220
LINEX production function 190
production function estimation
for US and Japan 208-9,
210-13, 216, 21718, 220
and Solow-Swan model of economic
growth 183, 217
elasticities of useful work 154, 210,
216
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electric motors 51, 52, 1034, 120, 122,
123
electric pumps 120, 122
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electricity
costs 147, 148
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103-6, 107, 113, 114, 115, 117,
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and disequilibrium paradigm 10
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and input-output models 157, 158
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energy crisis 23-4, 40, 150, 175, 199,
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depletion; petroleum and oil
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energy services 152, 157, 158-9
engines 33, 34-6, 37-8, 53, 91, 148
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(ICEs); prime movers; railway
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entropy law
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and economic models 137-9
and exergy 136, 137, 139, 141
and materials processor model 69,
169
and neoclassical paradigm 140, 144
and production functions 182
and resource scarcity 170-72
and useful work 91
and wastes 168, 169, 170, 171
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environmental harm 68, 69, 137, 307
EP (energy proxy) 26671, 273-4, 275,
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293
equilibrium
critique 135-6
and exergy 78, 136, 137
and neoclassical paradigm 1, 2, 8,
9,10, 24, 54-5, 152, 159, 261,
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and optimal extraction of
exhaustible resources 4
and production function estimation
for US and Japan 211, 213,
214
and Solow-Swan model of economic
growth 149, 152, 159, 161
and Walrasian economics 1, 2, 10,
143
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152, 161-2
and production functions 175, 181,
183-4
Cobb-Douglas production
functions 184-5, 186, 187
LINEX production function 190,
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for US and Japan 209, 211,
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and equilibrium 78, 136, 137
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and materials processor model 168,
169
as a measure of materials 78-80
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and production functions 183, 218
Cobb-Douglas production
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190-92, 194
production function estimation
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201, 204, 207, 214-16, 217-19
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economy 24045, 2467, 248-9,
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US data 334-8
and useful work 78-80, 89, 92, 936,
141
and wastes 141, 170
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240-41
exergy flows 72, 73-6
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241-3, 246-7, 248, 249
exergy inputs 85, 86, 87
exergy/mass ratio 80-85
exergy services 90, 154, 168, 258
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exergy-to-work efficiencies 199-200
exergy-to-work efficiency
improvements since 1900
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prime movers 101-11

exhaustible resources 4, 214
exogenous processes, and neoclassical
theory of growth 6, 8, 9, 24, 50,
150, 159, 183
exogenous variables, and production
functions 176
experience see ‘experience curve’;
learning-by-doing; production
experience; skills
‘experience curve’ 12-15, 20, 31
exponential trends 224, 252
exports 68, 207
see also petroleum and oil exporting
countries; trade
externalities 64, 134, 163, 170
see also pollution and harmful
wastes; spillovers; wastes
extraction and harvesting
and conservation of mass 62-3, 64-5
and disequilibrium paradigm 10
and mass flows 68, 69, 70, 71, 72
and materials life-cycle 65, 66
and materials processor model 168,
169, 262
and Solow-Swan model of economic
growth 150
extraction and harvesting costs 4
extrapolation, concept 2234
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forecasting
in integrated assessment (IA) models
224-6
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risks of blind extrapolation 226-32,
252
technological progress 233-6, 252

factor accumulation 255, 256, 257, 260

factor payments 5-6, 151, 152, 154,
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factor share theorem 152-3, 161,
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feedback 182

see also positive feedback
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and REXSF model of the US
economy 240, 246, 247, 249
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136, 145
future utility 140, 225-6
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Cobb-Douglas production
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growth 256, 257, 258-9
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272-4,276-17, 278, 279, 282, 283,
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globalization 226-7, 228
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input-output models 157, 158
materials processor model 168, 169
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Granger-causation, and production
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Japan 205, 214-16
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204, 217-18
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Harrod-Domar growth models 4, 143,
144, 163, 254
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health and safety 36, 43
heat
and exergy 78-9
and mass flows 69
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thermodynamic efficiency 298
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97, 145, 232, 265, 315

human capital 25, 55, 163, 258, 259,
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235-6
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