ENERGY ADDITIONS, REPLACEMENTS, AND TRANSITIONS

An energy addition is when a new source of energy becomes significant in society.

An energy replacement is when one source of energy replaces another.

An energy transition happens over the time period from the introduction of a new source of energy to the time it gains a significant share of the overall market (~20+%)

The world's large energy additions and transitions:

1. Coal was added a large scale in Britain by ~1600 for small industry uses, British demand later exploded with the Industrial Revolution (1800s).  Coal replaced biomass, especially wood for many uses over time, allowing for greater energy use densities in industry and cities. (addition and replacement).  Globally, coal was dominant in TPES by 1890.  Coal utilization growth rates declined in the middle of the 1900s, only to return to rapid growth since the 1970s.  Coal remains dominant globally in thermal electricity generation, due to market cost advantages and large reserves/production (R/P) ratios allowing for long term infrastructural development.  By some measures the 20th century was the coal century rather than the oil century – though in its latter half more TPES was from oil than coal.  Coal's revival is due partly to a) the industrialization of China and India, b) developed countries' aversion to increasing dependence on hydrocarbon imports, and c) the reversal in nuclear energy ascendancy up to the 1970s for electricity. 

2. Kerosene (distilled from petroleum) began replacing whale oil and candles for lighting by 1860s in the US, expanding the use of lighting.  Whale oil had become increasingly expensive. (addition and replacement)

3. Coal gasification supplied “town gas” for lighting by 1812 (Britain), adding new light. (addition)

4. Distillation of petroleum for gasoline for mass-produced internal combustion engines in early 1900s ushered in the hydrocarbon era. (mostly addition, also replacement)  The long demise of the coal-fired steam engine for mobile uses began in 1900s (replacement), due to higher energy density of petroleum products and lower stoking labor requirements.  Gasoline and diesel are primary fuels derived from petroleum.  It took 50 years from the first commercial production of oil (1860s) for the fuel to capture one tenth of the global primary energy supply (TPES), and ~30 more years before it accounted for 25%.  Oil's relative importance in TPES fell from 48% in 1973 to 37% in 2008.  

5. Natural gas has been replacing heating oil for several decades for urban heating, due to lower cost and pollution, and higher convenience.  Its role in thermal electric generation has grown rapidly since 1970s.  

6. Nuclear energy for thermal electric plants has displaced various primary fuels in some regions, added to their contribution in others.  Production cost per kw-hr. was believed to be lower than adding other sources, but total system cost comparisons leave murkier picture.  France produces ~80% of electricity use with nuclear as primary fuel.

7. The speed of energy system transitions is impeded by the enormous investments and inertia in the embedded global infrastructure of fossil fuels.   The value of the global oil industry infrastructure, for example, is 5 trillion.

8. Geographic differences: most of the coal and hydrocarbon consumption has skipped almost entirely over the majority of Africa's population and the poorer parts of Asia and Latin America.  Growing utilization of electricity in these areas is being sourced from hydro and a mix of other fuels.

What are the great, possible global future energy transitions, and what could drive them?

1. Away from oil: strategic concerns, global warming, future prices/cost of alternatives

2. Away from coal: regional pollution related to extraction and combustion, and global warming
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