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spike in the price of oil
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A Rising Tide Lifts All Boats...”?

Paying More for Filling Up
Ayears change in food and energy costs, March 2010 to March 2011.

+2.7% overall inflation rate; other figures rounded to nearest whole number

!

Gasoline +28%
Lettuce 27

Bacon 16

Energy 16

Beef and veal 12
Potatoes 12
Tomatoes 11
Coffee 11

Pork 11

All fresh vegetables
Fish and seafood
Milk,

Bananas

All dairy
Oranges

Candy and gum
Bread

Cheese
Poultry
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Sounce: Bureau of Labor Statistics THE NEW YORK TIMES.
The New York Times

http://www.nytimes.com/imagepages/2011/04/24/weekinreview/24food-graphic.html?ref=weekinreview
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The 2008 price spike was different:
Supply didn’t increase with price
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(Murphy and Hall 2011)



The Growing Gap
Regular Conventional Oil

E3Past Discovery
C—Future Discovery
- Production

Revisions backdated
Rounded 3-yr moving
average

1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

| | —

(Campbell 2009)



Peak oil is here

“Crude oil output reaches an undulating plateau of
around 68-69 mb/d by 2020, but never regains its
all-time peak of 70 mb/d reached in 2006, while
production of natural gas liquids (NGLs) and
unconventional oil grows strongly.”

(IEA WEO 2010)



Not Oil

Cheap Oil

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Unconventional oil

® Natural gas liquids

Crude oil - fields yet
to be developed or found

m Crude oil - currently
producing fields

— Total crude oil

(IEA 2010)



l.e. t well




1930’s: 1 barrel of oil invested would yield 100
barrels of oil out of the ground

(Google images)



Today: 1 barrel of oil invested yields less than 10
barrels out for most recent discoveries




Today: 1 barrel of oil invested yields roughly 3
barrels out in the Alberta Tar Sands
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Energy Return on Investment (EROI)

. Energy Out (MJ)




EROI of Global Oil and Gas Production

1992 2002 2012 2022 2032
Year

(Gagnon et al., 2009)



Revolution
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Price and EROI

90 - Current Oil Price: $112/bbl .
Oil Sands

80
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Average price during
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40

Average price during

30 _
expansions

(Constant 2007 S/bbl)
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What does all this mean for economic
growth?

For the first time in the past 140 years we
will try to grow the economy on a supply of
oil that is declining in quantity and quality



Pre-Peak Model of Economic Growth

L 2
Increasing GOP and Qil Demand Mew High EROI Resources

1.
Low Gil Price, High Oil Supply

This model continued until resource extraction became
difficult due to depletion

(Murphy and Hall 2011)



Peak Era Model of Economic Growth

1 2 z

Increasing GDP and New Loww EROI High Oil Price,

0il Demand Resources High Oil supply

g 4
Stalled or Declining
Economy

Lower Qil Prices Lower Qil
Demand

(Murphy and Hall 2011)



Peak-Era Growth Model

GDP

/ v \/V

Time



A Growth Paradox?

 Maintaining business as usual economic
growth will require the production of new
sources of oil, yet the only sources of oil
remaining require high oil prices, thus
hampering economic growth




Impacts of Peak-Era Growth Model

e Oscillations between growth and recession —
i.e. the “Economic Undulating Plateau”

Peak Era Model of Economic Growth
3

- 2
Increasing GDP and New Low EROI High Qil Price,
Qil Demand Resources High Oil supply

5 4
Stalled or Declining
Economy

Lower Oil Prices Lower Qil
Demand




Recession
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US Recession

April 2011
-®

US Crude Oil Expenditures/GDP

10%

9%

X X R ® ® ¥V
=~ o Ty =t iy ™~

8%
1%
0%

ddo jojusdiad

- 600¢

800¢

BER

L00Z =

900¢
S00€
¥00<
€00¢<
€00¢
100Z
000¢€
6661
8661
L661
9661
5661
661
€661
661
1661
0661
6861
8861
{861
9861
SE6l
re6l
€861
861
1861
0861
6461
8L61
LL6]
9L61
SL61
vi61
el6l
L6l
[L61
0L6l

A

Source; Ef

..tends to occur around S80/bbl

Kopits 2009



Impacts of Peak-Era Growth Model

OPEC Surplus Crude Oil Production Capacity
million barrels per day GROWTH RECESSION GROWTH RECESSION

A A A .
[ \( \l \

$30

$62

2002 2004 2006 2008

Note: Shaded area represents 2000-2010 average (2.8 million barrels per day)

Source: Short-Term Energy Outlook, April 2011




Can Technology/Substitution Make a
Difference?
e “As resources become scarce and relative

costs change, substitutions will occur to
ameliorate effects of diminishing returns”

Barnett and Morse, Scarcity and Growth (1963)



Resource

Magnitude
(ETfyr)

EROI (X:1)

Fossil fuels
Oil and gas
Oil and gas
Oil and gas
Discoveries
Production
World oil production
Imported oil
Imported oil
Imported oil
Natural gas
Coal (mine-mouth)
Coal (mine-mouth)
Bitumen from tar sands
Shale oil
Other nonrenewable
Nuclear
Renewables
Hydropower
Wind turbines
Geothermal
Wave energy
Solar collectors
Flate plate
Concentrating collector
Phatovoltaic
Passive solar
Biomass
Ethanol (sugarcane)
Corn-based ethanol
Biodiesel

Average EROI = 22
(Oil, Imported Qil, Nat. Gas,
Coal, Tar Sands, Shale QOil)

} Nuclear = 5-15

Wind = 18 (ish)

Biofuels = 1.2

(Murphy and Hall 2010)



Why is EROI Important?

Can corn ethanol substitute for gasoline?

Google images



A Tale of Two Systems:
Oil vs. Ethanol

HIGH EROI SYSTEM (Oil)
A.ERQOI =18

Extraction

¥ Process

(Murphy and Hall 2011)



A Tale of Two Systems:
Oil vs. Ethanol

LOW EROI SYSTEM (Ethanol)

B. EROI=1.2

Energy Extraction
Source p Process

(Murphy and Hall 2011)



Some alternatives have higher EROIs

Wind and Natural Gas
A.EROI =18

Energy Extraction

Source W Process
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What is the time scale for substitution?

Fig. 7(a). Historical evolution of the primary energy mix for the world. Wriggling lines are statistical
data, smooth lines computed. Some values for the actual market fractions are given on the right side of
the figure. The effect of introducing a new source of primary energy (1% in year 2000), solar, fusion
or else, is indicated by the dashed lines. This effect appears minimal on conventional sources, and
dmamatic only on nuclear, but in the second half of the next century.

(Marchetti 1977)



Final Thoughts

Economic Growth as we know it has required increasing
supplies of cheap oil

Peak oil and declining EROI have created a growth paradox

The growth paradox will likely cause the economy to
oscillated between growth and recession in the short term

In the long term, substitution will help, but this will be a
very slow transition

Alternatives are the future, but we must choose them
wisely, and EROI can help

Of course the easiest options is to simply consume less
energy...



Demand: An Ace in the Holel

 The average European consumes half the
energy of the average American

e Half of our oil consumption ~ 9 mbpd (roughly
10% of global production)



Thanks!
Questions/Comments?
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