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

Colin Campbell
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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

e Economic growth
e Free market system
e Rent paid on savings
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e What is unconventional oil and gas?

e How much is there, how much may be produced?
— Resources versus reserves

e The fundamental difference between oil shale and
shale oil

e The broken gas market
 ERoEIl and falling off the net energy cliff
e More questions than answers
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Oil and gas

e Tar sands

e Heavy oil

 Enhanced oil recovery (EOR)
 Qil shale

e Shale oil

e Shale gas

e Coal bed methane

Primary energy production

)

e Methane hydrates

e CoaltoTiquids
e Gastoliquids

e 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.
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SPE classification Oil and gas
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“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.”
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US oil reserves and resources

pyramid

Oil and

The Qil Scarcity Myth

The U.S. oil “reserves”
President Obama talks
about are just the very
tip of the oil pyramid

A 22 hbillion barrels “proved” reserves

400 billion barrels “technically
recoverable” crude oil

800 billion barrels
oil shale

2,303 billion
barrels
“undiscovered
resources”

Sources: Energy Information Administration, Dept. of Energy, Rand Corporation, Institute for Energy Research

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
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Capitalism was founded on increasing supplies of
cheap fossil fuels and a free license to pollute.

Oil and

Decreasing ERoEI

Increasing cost

Increasing pollution
from extraction
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EROEI i and s
e EROEI = Energy Procured / Energy Used to Procure Energy

* Net Energy = ERoEI-1

 Net Energy Cliff = Net energy as % of EROEI
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— Steam assﬁied'éﬁvlty#rMAGD.)
. 2010 Production ana' Reserves =
-~ — Mining 7586, 000 bpd 34 billion bﬁ'fs
- — SAGD 704,000 bpd, 135 billion bbls
e ROP=116vyears
e Large energy inputs torecover
bitumen and convert this to syn-crude

http://www.capp.ca/library/statistics/basic/Pages/default.aspx



EROEI for tar sands

Biturmen, millions bbliday

Natural gas, befiday
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Nat gas — bitumen energy balance
1 bcf ~ 0.19 mmb

1.25 bcf ~0.238 mmb
1.3/0.238=5.5

This calculation using only nat gas energy
inputs is far from complete:

e diesel

e transport (pipelines)

e refining

e personnel

e distribution

EROEI << 5.5

Author Date| Technigue |Resource] System Boundary] EROI
Kymlicka, W 2006 - Alberta - <51
DOE 2006] surface;in situ] Alberta - 721080
Giinther, F. 2008 - Alberta Shallow sands 151
Heinberg, R. 2003 - - - 151
Swenson, B 2005 - - - 3:M
Homer-Dixon, T. 2005 - Alberta - 4:01
Sereno, bl 2007 - - - 1-3:1
Legislative Peak Oil and Matural Gas Caucus | 2007 - Alberta - 3:01

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

Euan Mearns 2012
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One cheap vertical well can access all the gas

Features of good quality
conventional sandstone reservoir
e High porosity

e High permeability

Sandstone  High gas / oil saturation

e Good connectivity

E

One expensive horizontal well may miss all the gas

— ~Sandv fense Features of shale gas reservoir
e Low porosity

e Low permeability

e Low gas / oil saturation

e Unconnected lenses

Fracking connects gas filled lenses
to well.

Euan Mearns 2012
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U.S. Shale Gas Production
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. unconventional
and oil shale Oil and

——Sandvlenses ———— Shale oil is analogous to shale
gas, i.e. it is actual oil in a very
—— poor quality reservoir. It can be

Oilin sandy lenses ————————— produced via expensive

horizontal wells and fracking.
e

¢ US shale oil technically recoverable
resources ~ 24 Gb (EIA)

e US oil shale in place resources ~
2100 Gb (USGS)

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.

Euan Mearns 2012
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Estonia oil shale industry S e

[ e e Shale burned like coal in power
plants

40 O Russia W Germany
e Fuel oil burned in power plants

| | @ Braal O Sweden
OChina H United States

 Most electricity produced from

oil shale, some using CHP plant.

e Population 1.3 million

,@,@,@,@L@ | @ @ FLLLL LS| 7500 people employed in oil
Year shale industry, ~1% of workforce

e Qil shale industry is State run

vined shae, million tonnes

Author Date Technigue Resource System Boundary EROI Env.
Legislative PO and NG Caucus 2007 - Greentvhite Rivers, US| - 3 Issues
Brandt, AR 2007 | ATP retort, low case; high case Green River, US LCA; Ii0; NER 2519 GHG
DOE 2006 surface;in situ non-electric; insitu electric us - »10; 6.9; 2.5
Lavelle, M 2006 ICP Green River, US - 3
Penner, 5.8 2006 in situ recovery - - 1214
Brandt, AR 200/, ICP small, ICP large; M&R Green River, US Primar ¥ E & materials| 1.5; 4; <1.5 | GHG
Cleveland, C.J 2005 - - - <5
Committee on Resources 2005 ICP; ICP nat gas recycl Green River, US - 3;6 GHG
Cleveland, C.J. et al. 1984] - - - 0.713.3
Marland, ., et al* 1978 ME&R minug ref fining - - 8.6
Gardner, G.h.* 1977 &R - - 133
Ireson™ 1976 &R - - 19.7
Ceri™ 1976 &R - - .58
Cregon Study*™ 1976 M&R - - 1.42
Applied Systems Corp.™ 1975 M&R - - 0.68
Frabetti, A.J.* 1975 W&R - - 1.42
Clark, C.E. and D.C. Yarisco® | 1975 ME&R - - 7.62

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

Euan Mearns 2012
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Falling off the net energy cliff unconventiona
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Yet to produce
13.1 Tboe 82%

Produced
18% 2.8 Tboe
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Global production 2010 / 2011

B Conventional oil
US shale oil

B Tar sands

B Conventional gas

US shale gas

Oil and

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

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

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

Non-conventional oil has ERoEl 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 ERoOEI will result in more
people working in energy industries,
less people working in schools and
hospitals etc.

Wind and solar have ERoEIl >> 10

Euan Mearns 2012
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