Contents

1 Imtroduction............ ... . . ... . i

2 Thesis. . ... ..

Part I

3 A Brief History of Ideas: Energy, Entropy and Evolution. . . . . . .
3.1 Aristotle, Descartes, Newton and Leibnitz. . .. ...........
3.2 Heat: Caloric vs Phlogiston. . ........................
3.3 The Birth of Thermodynamics and Statistical Mechanics . . . .
34 Chemistry: From Lavoisier to Gibbs. . . . ...............
3.5 Electricity and Electromagnetism. ... ..................
3.6 Geology and Earth Science. . ........................
3.7 Darwin and Biological Evolution. ... ..................
3.8 Ecology. ... ..o
3.9 Entropy, Exergy, Order and Information. . ..............
3.10  Monism, “Energetics” and Economics. .................

4 The Cosmos, The Sunand The Earth.......................
4.1 Astronomy and Astrophysics. . . ......................
4.2 Quantum Mechanics and Relativity . . . .................
4.3 The Black Hole in Physics. .. ........... ... ... .....
4.4 Nucleosynthesis: Love Among the Nucleons. . ... ........
4.5 The Sun and Solar System . . .. ......... ... ... .......
4.6 The Elements Needed to Sustain Life (and Technology). . . . .
4.7 The Terra-Forming of Earth. . ... ................. ...
4.8 The Long-Term Future of Planet Earth. . . ...............
4.9 Summary of Pre-biotic Evolution. .. ...................

5 TheOriginofLife................... ... ... ... ... ... ....
5.1 Exogenesis? . ... ...



Xviii Contents
53 From Monomers to Polymers. . . ..................... 131
54 Self-replication of Macromolecules (Genes) . . ............ 136
5.5 Genetic Code: RNAand DNA . .. ... ... ... ... .. ... 140
5.6 Information Transfer: The Genetic Code . . . . ............ 143
5.7 Oxygen Photosynthesis. .. .......................... 146
5.8 The “Great Oxidation” and the “Invention” of Respiration. . . 149
5.9 Evolution Before the Cambrian Explosion. . ............. 153
5.10  The “Cambrian Explosion”. .. ........ ... ... .. ...... 155
5.11 Sincethe Asteroid . . . ...... ... ... 158
5.12 Downfromthe Trees. ........... ..., 160

6 Energy, Water, Climate and Cycles. . . ..................... 165
6.1 The Earth’s Energy (Exergy) Balance . . . ............... 165
6.2 The Hydrological Cycle. . . ......... ... ... ... ... ... 171
6.3 Ocean Currents and Atmospheric Circulation. . ........... 175
6.4 Climate Change . . . . ...ttt e 178
6.5 Bio-geochemical Cycles. . ........ ... ... ... ...... 195
6.6 The Carbon-Oxygen Cycle. . ....... ... ... ... ...... 196
6.7 The Nitrogen Cycle. . ... ... .. ... 203
6.8 The SulfurCycle. . ... ... .. 209
6.9 The Phosphorus Cycle. . ......... ... ... ... ... ... 212
6.10  Thermodynamic Dis-equilibrium. ... .................. 215

7  Summary of Part I: From the “Big Bang” to Nutrient Cycles. . . . 221

Part 11

8 Energy and Technology................. ... ... ... ...... 231
8.1 The Enhancementof Skin. .. ........................ 231
8.2 The Tamingof Fire. . . .......... ... ... ... .. ........ 232
8.3 Transmission of Knowledge: Writing and Replication. . . . ... 234
8.4 The Dawn of Civilization and the Beginning

of Agriculture. . . ... ... 236

8.5 Agricultural Surplusand Cities . . . .................... 241
8.6 Slavery and Conquest. . .. ... .ot 242
8.7 Money and Coinage. . . . ... ot 246
8.8 Productive Technology . . .. ............... ... . ..... 249

9 The New World: And Science. . . .......................... 255
9.1 The Discovery of the New World. . . .................. 255
9.2 From Charcoal and Iron to Coal and Steel . . .. ........... 258
9.3 Gunpowder and Cannons. . .. ........................ 262
9.4 Steam Power. . ....... ... ... .. 264
9.5 Town Gas, Coal Tar, Aniline Dyes and Ammonia

Synthesis. . . ... 269

9.6 Petroleum. .. ..... ... ... .. . . . . 272



Contents

10

9.7 The Internal (Infernal) Combustion Engine . ..............
9.8 Electrification and Communications . . . .. ...............
9.9 Telecommunication and Digital Technology . .............
9.10  The Demographic Transition: The Final Disproof

Energy, Technology and the Future. . . . ....................
10.1  This Time Is Different. . . . ....... ... ... ... .. ... .....
102 “Peak Oil”. ... ..
10.3  More on Fracking: Is It a Game Changer?...............
10.4  The Inevitable Decline of the Internal Combustion

Engine. . ... ... .
10.5  On Opportunities for Energy Efficiency Gains by Systems

Integration. . .. ...... ...
10.6  Renewables for Heat and Electric Power Generation. . . ... ..

Part II1

11

12

Mainstream Economics and Energy. ... ....................
11.1  Core Ideas in Economic Theory.......................
11.2  On Credit, Collateral, Virtual Money and Banking. . .......
11.3  OnExternalities. . ... ...ttt
11.4  Economics as Social Science. .. ......................
11.5  Economics as an Evolving Complex System. ... .........
11.6  Resources and Economics. .. ........................
11.7  Resource Discoveries as Technology Incubators. . ... ......
11.8  On the Geology of Resources: Scarcity Again?............
11.9  The Special Case of Petroleum . . ... ..................
11.10 The Role of Resources in Standard Economic Theory. ... ...

New Perspectives on Capital, Work, and Wealth. . . . ... .......
12.1  Active vs. Passive Capital . . .. .......................
12.2  Exergy, Useful Work and Production Functions. . .. ... ....
12.3  Wealth as “Condensed” Work and Useful Complexity. . . . ..
12.4  Debt: The Downside of Financial Wealth Creation. . . ... ...
12.5  The Direct Costs of Economic Growth. . ................
12.6  More on Economic Growth: Cycles and Bubbles. . ... ... ..
12.7  Planetary Limits: The Downside of Material Wealth

Creation. . ... i
12.8  The “Circular Economy” and the Limits to Growth.........
12.9 A Trifecta? . .. ...

Xix



XX Contents

Appendix B: Standard Theory of Nuclear Forces. .. .............. 501
Appendix C: Potential Stockpile Metals. . ....................... 505
Glossary . . . ... e 509
References. . ... ... .. 547



2 Springer
http://www.springer.com/978-3-319-30544-8

Energy, Complexity and Wealth Maximization
Ayres, R,

2016, XX, 593 p. 121 illus., 120 illus. in color.,
Hardcowver

ISBN: 978-3-319-30544-8



