


Societyʼs interest in energy derives from what services"
energy provides.  Energy forms that can support such services"

economically and with minimal negative repercussions"
are acceptable."



Energy resources and their availability to a population"
 will largely determine its rate of progress or growth"

as a community; energy begets progress/growth.  Here we 
define progress/growth as the evolution of more complex !

socioeconomic structures (e.g., increasingly"
sophisticated divisions of labor)."



*not strictly renewable"
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resource depletion! climate change!
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giga = billion = 109"
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Limits to Growth:  The 30-Year Update, 2004"



1 oil barrel (bbl) = 42 US gallons"

Marion K. Hubbert (Shell; 1956)"

The yellow area under the curve "
represents 73% of the total oil "

available for use; we have already"
consumed about 27%. "



It is likely that most of the extractable oil and gas will be consumed within"
the next 50-100 years.  After that, only coal will be available as a "

plentiful non-renewable fossil fuel.  This is the reason why carbon capture and "
sequestration (CCS) has attracted considerable attention.  "

"
Is CCS ecologically prudent, economical, and/or can it be scaled?  "

Answers to these questions are currently unknown."
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gray = coal"
red = gas"
green = oil"

blue = hydro"
yellow = nuclear"

brown = renewables"
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The greatest gas consumption per capita in the northern hemisphere"
occurs in Canada, Russia and the US.  Australia, Argentina and Venezuela"

are the major per capita gas consumers in the southern hemisphere."
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Gas production increased ~90% from 1987 to 2012, and gas 
consumption increased by approximately the same percentage.  In the 

US, consumption increased ~4% while production increased ~5%.  "

Consumption by region Production by region 
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The US, South Africa and Australia have very high per"
capita consumption of coal, along with some areas"

of Eurasia.  China is also a high per-capita coal consumer."
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Global distribution of coal reserves has not changed significantly"
over the past 20 years.  High percentages of reserves (23-41%)"
lie in Europe/Eurasia, North America and the Asia-Pacific region."

Global coal reserves dropped by ~12% from 1992 to 2012."



Global coal production grew ~2% from 2011 to 2012; most of this"
growth came from China and Indonesia.  Global coal consumption"

grew ~ 2.5% (i.e., consumption exceeded production), with much of this "
growth occurring in China."
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There was ~16% growth in RE globally from 2009 to 2010."
RE accounted for 1.3% of global energy consumption in 2010."

Of global power generation, 4.7% comes from RE (record in 2012)."

Other renewables consumption by region 
(million tonnes oil equivalent) 

Other renewables share of power generation by region 
(percentage) 
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Global biofuel production declined by ~0.4% in 2012."

World biofuels production 
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Nuclear energy has the associated problems of"
proliferation and security (terrorism)."

Nuclear energy cannot be ramped up fast enough"
to impact short-term CO2 emissions.  Because"

nuclear energy is not CO2 neutral, its effect on reducing"
climate effects over the short term is modest."

Costs are rising for nuclear, but falling for"
many renewables."



a.  Uranium ore mining – hundreds of metric tons of"
             sulfuric acid, nitric acid and ammonia are required"
b.  Extraction of 0.2% U3O8 from ore"
c.  Converting U3O8 into UF6"
d.  Enriching UF6"
e.  Fabricating fuel pellets of UO3 and packing fuel rods"
f.  Constructing the reactor (typically ~12 y)"
g.  Operating the reactor"
h.  Reprocessing spent fuel"
i.  Conditioning spent fuel"
j.  Storage of radioactive waste on-site (cooling)"
k.  Transporting waste to permanent storage facility"
l.  Storing waste at a permanent facility"
m.  Decommissioning reactor"
n.  Reclaiming uranium mines and other facilities"

What Will Work, K. Shrader-Frechette, Oxford, 2011"



a.  US utilities were pressured into the nuclear-electricity"
            business for military reasons"
b.   Franceʼs nuclear industry is state-subsidized; does not"
            need to be profitable; is commonly bailed out by government"
c.  There is no nuclear renaissance; no new nuclear"
              construction is occurring on the free market; there are large"
              taxpayer-government subsidies; many new reactors"
              were begun two decades ago; growth in renewables is "
              challenging the economics of nuclear"
d.  Why not more renewables? Skewed energy subsidies"
e.  Energy mix"
f.  Uranium depletion"

What Will Work, K. Shrader-Frechette, Oxford, 2011"



a.  Cleaning up coal is not only a carbon issue"
b.  No assurance of long-term success with CCS"
c.  Health/financial liabilities from CO2 venting"
d.  Costs of permanent sequestration uncertain"
e.  Long-term reliability of sequestration uncertain"

Clean coal technology cannot be implemented"
fast enough to meet short-term GHG emission"

targets."



BP Forecasting 


















