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“All numbers are wrong: that much we know. 
The question is: how wrong?” 
 
Colin Campbell 

http://hubbert.mines.edu/news/Campbell_97-2.pdf 
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Capitalism was founded on increasing supplies of cheap fossil 
fuels and a free license to pollute. The end of cheap fossil fuels 
and license to pollute will sound the death knell for Capitalism. 

Central pillars of capitalism 
 
• Economic growth 
• Free market system 
• Rent paid on savings 
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• What is unconventional oil and gas? 
• How much is there, how much may be produced? 

– Resources versus reserves 
• The fundamental difference between oil shale and 

shale oil  
• The broken gas market 
• ERoEI and falling off the net energy cliff 
• More questions than answers 
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• Tar sands 
• Heavy oil 
• Enhanced oil recovery (EOR) 
• Oil shale 
• Shale oil 
• Shale gas 
• Coal bed methane 
• Methane hydrates 
• Coal to liquids 
• Gas to liquids 
• Bio fuels (using biosphere to 

convert gas to liquids) 
Converting one fuel into another 
(phase change) with high energy cost. 
Perceived upgrading of fuel quality. 

Primary energy production 
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Resources and reserves: 
SPE classification 

“Contingent resources are less certain than reserves.  These are resources 
that are potentially recoverable but not yet considered mature enough for 
commercial development due to technological or business hurdles.” 

http://www.spe.org/industry/docs/PRMS_guide_non_tech.pdf 
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Long gone are the days where peak oil alarmists had 
their own genre of literature, ran up massive book 
sales and attracted sensationalist headlines alleging 
the end of civilization as we know because the ‘oil is 
running out’. New technologies, new oil and, above 
all, shale oil and gas, have blown away all their 
ludicrous predictions. Shale oil prospects alone 
suggest that a minimum of 4.8 trillion barrels should 
be added to global recoverable reserves; production 
from oil sands another 6 trillion or more. 
Meanwhile, new exploration is also ramping up on all 
five continents. 
 
Iran and the Oil Scarcity Myth By Peter C Glover & 
Michael J. Economides 

http://www.energytribune.com//articles.cfm/10132/Iran-and-the-Oil-Scarcity-Myth 

US oil reserves and resources 
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• Coal, oil and gas production from 1830  IHS, BP, Smil compiled by Campbell and Koppelaar 
• 2P reserves from BP Statistical Review 2011 
• Shale gas – World Energy Council 2010 
• Oil Shale – 33 countries, USGS report 2005-5294  
• Tar sands – Oil and Gas Journal 
• EOR @ 5% of conventional production and reserves 
• Tight gas and coal bed methane from Mohr Case 3 (PhD thesis) 
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Decreasing ERoEI 

Increasing cost 

Increasing pollution 
from extraction 

Capitalism was founded on increasing supplies of 
cheap fossil fuels and a free license to pollute.  
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• Coal, oil and gas reserves, Rutledge: Energy Supplies and Climate Policy: http://www.theoildrum.com/node/9163 
• Tar, tight, CBM and Shale gas from Mohr Case 1 (PhD thesis) 
• EOR @ 5% of conventional production and reserves 
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Energy Return on Energy Invested 

ERoEI 

Average ERoEI required 
to run Industrial Society 

(Hall and co- workers) 

• ERoEI = Energy Procured / Energy Used to Procure Energy 
• Net Energy = ERoEI-1 
• Net Energy Cliff = Net energy as % of ERoEI 

 
 
 Improved efficiency of 

energy use 
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• Two modes of operation 
– Mining 
– Steam assisted gravity drainage (SAGD) 

• 2010 Production and Reserves 
– Mining 756,000 bpd, 34 billion bbls 
– SAGD 704,000 bpd, 135 billion bbls 

• ROP = 116 years 
• Large energy inputs to recover 

bitumen and convert this to syn-crude 

http://www.capp.ca/library/statistics/basic/Pages/default.aspx 
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1.3 mmb/d in 2007 

Bitumen production 

Nat gas consumption 

1.25 bcf/d in 2007 

Nat gas – bitumen energy balance 
1 bcf ~ 0.19 mmb 
1.25 bcf ~ 0.238 mmb 
1.3 / 0.238 = 5.5 

http://www.theoildrum.com/node/3839 

This calculation using only nat gas energy 
inputs is far from complete: 
• diesel 
• transport (pipelines) 
• refining 
• personnel 
• distribution 
ERoEI << 5.5 

Meta analysis by Hall and co-workers 
average ERoEI ~3 

http://www.rand.org/pubs/technical_reports/TR580.html 
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Shale 

Sandy lenses 

Shale gas and shale oil 

Shale 

Sandstone 

Features of good quality 
conventional sandstone reservoir 
• High porosity 
• High permeability 
• High gas / oil saturation 
• Good connectivity 

One cheap vertical well can access all the gas 

One expensive horizontal well may miss all the gas 

Features of shale gas reservoir 
• Low porosity 
• Low permeability 
• Low gas / oil saturation 
• Unconnected lenses 
 
Fracking connects gas filled lenses 
to well. 
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http://205.254.135.7/naturalgas/weekly/ 

EIA and Baker Hughes 

Threshold for profitable 
shale gas production 

Chesapeake Energy Corp. share price 
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The essential difference between shale oil 
and oil shale 

Shale 

Sandy lenses 

Oil in sandy lenses 

Shale oil is analogous to shale 
gas, i.e. it is actual oil in a very 
poor quality reservoir. It can be 
produced via expensive 
horizontal wells and fracking. 

Oil shale is an actual shale, rich in organic 
matter called kerogen that is a precursor 
to oil. To get oil out of oil shale requires 
strip mining and cooking to convert the 
organic matter to oil. 

• US shale oil technically recoverable 
resources ~ 24 Gb (EIA) 
• US oil shale in place resources  ~ 
2100 Gb (USGS) 
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• Shale burned like coal in power 

plants 
• Fuel oil burned in power plants 
• Most electricity produced from 

oil shale, some using CHP plant. 
• Population 1.3 million 
• 7500 people employed in oil 

shale industry, ~1% of workforce 
• Oil shale industry is State run 

http://en.wikipedia.org/wiki/File:Production_of_oil_shale.png 

ERoEI for converting oil shale to oil ~ 2 
(average of 6 recent studies) 

http://www.theoildrum.com/node/3839 
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Energy Return on Energy Invested 

Falling off the net energy cliff 

Average ERoEI required 
to run Industrial Society 

(Hall and co- workers) 

1919 - 1972 1982 
2007 

Pre 1919 

US oil and gas 
Guildford et al 2011 

A New Long Term Assessment of Energy Return on Investment (EROI) for U.S. Oil and Gas 
Discovery and Production,  Megan C. Guilford et al, Sustainability 2011, 3, 1866-1887 

Tar sands 
Oil shale 

Shale oil? 
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Unconventional oil and gas; 
a game changer? 

• Time lags between price signal and 
system response – false signals; price 
and activity out of phase 

• Non-conventional oil has ERoEI lower 
than that deemed necessary to support 
Industrial Society – but society can 
adapt 

• Current non-conventional production is 
being subsidised by conventional 
production – both in energy and 
financial terms 

• Declining ERoEI will result in more 
people working in energy industries, 
less people working in schools and 
hospitals etc. 

• Wind and solar have ERoEI >> 10 
 
 

Peak cheap oil was the game changer. 
Unconventional oil and gas production is 
the system response to the new game. 

“Prediction is very difficult, especially 
about the future” Niels Bohr 
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