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Introduction of kerosene refining
and kerosene lamps
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Source: Sperm catch: P. Best, 2002, IWC SC/56/1A5; Prices: U. Bardi, 2004, based on Starbuck, 1878.
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w/0 biomass CO, (but -including biomass GJ)
biomass 112 kg CO,/GJ

coal 94.6 kg CO,/GJ

oil 73.3 kg CO,/G]

gas 56.1 kg CO,/GJ
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Cost Index Qil Price
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7.0% p.a. R.T. cost reduction
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Days to Drill Lateral Length, Well Cost, F&D Costs, Production, Reserves,
ft USS$ millions USS$ per Mcf Bcef Bef

17 4,909

30 350.2 4,345
29 29 28 128 2.05

2435 3117

134.5 1,“5

535 116

2007 2008 2008 2010 2011 2007 2008 2008 2010 2011 2007 2008 7008 2010 2011 2007 2008 2008 2010 2007 2008 2009 2010 2007 2008 2008 2010

~ Continuous process improvement. Over a four-and-a-half year period, from 2007 to 2011, Southwestern Energy reduced days to drill (dark blue) by 52%,
even though the lateral length was increased by more than 84% (pink). Well costs (dark red) were flat to slightly lower during the period but the company’s

finding and development costs (F&D, light blue) were significantly reduced during the period. Production (gold) and reserves (green) greatly increased
during the study period. (Data for 2011 are for the first six months of the year.)
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Cents per pound (deflated by BLS PPI, 1967=100)
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Identified Reserves Undiscovered Resources
Demonstrated Probability range (or)
: Inferred

Economic Reserves

Subeconomic

Hypothetical | Speculative

Not economic Unconventional and low-grade
occurrences
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Prospective Sedimentary Areas and Oil Drilling

Densities as per 1975 and per 2003

(B. Grosslina’s “Window on Oil™)

Update courtesy of Jeff Possick, Yale FES 802, 2004

Canada
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South America

Wells drilled through 1975 shown in black. Wells drilled 1976 through 2003 shown in red.
Each circle represents 50,000 wells. Data through 1975 and relative petroleum prospective area from Grossling: “Window on Qil”
Wells drilled 1976 through 2003 per World Oil, August issue 1977 through 2003.
From the 1.9 million wells drilled worldwide since 1975 three quarters were drilled in mature oil

provinces (esp. the USA), classified in 1975 as “close to drilling saturation”.
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Source: BGR, 1998.
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Source: BGR, 1998.
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GEOPPESSURED AGUIFERS
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Conventional
Unconventional

Conventional
Unconventional

6.07
0.51

3.09
0.11

6.71

16.49

Production to/in
1860-2005 2005

0.148
0.020

0.090
0.010

0.124

0.392

814 Energy Systems Analysis

Reserves Resources Other

Occurrences
5-8 4 -6
4 -6 11 - 15 >40
5-7 7-9
20 - 67 40 - 122 >1000
17 - 21 291 - 435 >140

51 -108 354 -587 >1000
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Other
Occurrences

Reserves Resources

-1

20 - 67

17 - 21 291 - 435

51 -108 354 -587 >1000



in GtC Production to/in Reserves Resources Other

1860-2005 2005 Occurrences
Oil
Conventional 121 3.0 100 - 160 80 -120
Unconventional 10 0.4 8-120 220 - 300 >800
Gas
Conventional 47 1.4 77 - 107 107 -138
Unconventional 2 0.2 306 - 1025 612 - 1867 >15000
Coal 173 3.2 439 - 542 7508 - 11223 >3600
Total 354 8.1 030 - 1954 8527 - 13648 >19000
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in GtC Production to/in Reserves Resources Other

1860-2005 2005 Occurrences
Oil
Conventional 121 3.0 100 - 160 80 - 120
Unconventional 10 0.4 8-120 220 - 300 >800
Gas
Conventional 47 1.4 77 - 107 107 -138
Unconventional 2 0.2 306-1025 612-1867 >15000
Coal 173 3.2 439 - 542 7508 - 11223 >3600

Total 354 8.1 (930 - 19548527 - 13648 >19000

IPCC: “discernible influence on climate system:
atmospheric content: 860 GtC, (+240 GtC since 1750)
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Why is Uranus’ (or Neptune’s) Atmosphere Blue?
(Methane=Natural Gas)

1) B

' » Ariel’s
Shadow

Uranus ,1

-

20,000 miles
32,000 kilometers

Uranus and Ariel
Hubble Space Telescope » ACS/WFC

NASA, ESA, and L. Sromovsky (University of Wisconsin, Madison) STScl-PRC06-42
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In ZJ

Biomass
Geothermal
Hydro
Solar

Wind
Ocean

Total

"reserves"”

0.460
0.001
0.030
<.001
0.001

PE input in 2005 technical potential
"resources”

2-.3
8-14
.05 - .06
62 - 280
1.3-2.3

3.2-10.5

70 - 300

Annual flows
occurrences

1.3
1.5
0.16
3900
110
1000

5000
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ethanol prices from Goldemberg
{2007)

=== gthanol prices backcasted based on
Goldemberg (2007) real price index
—— CEPEA ethanol price data

—— Rotterdam gasoline spot price

— i mplied subsidy

Source: Meyer et al., 2014



The probability of occurrence of predicted
energy trends is inversely proportional to

the intensity of the underlying consent

(H.R. Linden)
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